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1.0 Introduction

Emission inventories for on-road mobile sources are compiled across the country in
support of State Implementation Plans (SIPs) and Conformity Demonstrations as mandated by
the Federal Clean Air Act. Each local agency responsible for developing these inventories has
created its own approach for combining vehicle activity, area specific fleet information, local
regulations, and EPA’s MOBILEG6 emissions modeling software. All of these approaches will
soon have to be redesigned in order to work with EPA’s replacement for MOBILES, entitled the
Motor Vehicle Emission Simulator (MOVES) model. The primary goal of this study is to ease
the transition to the MOVES model by providing both a road map for developing updated
emissions inventories, as well as an analysis of the likely impacts of the transition on the
emissions inventories themselves.

The adoption of EPA’s new MOVES model represents a fundamental change in the on-
road vehicle emission inventory process. MOVES uses real world driving cycle data and the
measured emissions from associated drive cycles to model a wide range of possible driving
patterns and their resultant emissions. With this approach, emissions due to any particular
driving cycle may be estimated. The resulting estimates are based on real world driving and are
well-suited for integration with transportation models. Effective utilization of the new MOVES
model within the existing inventory development framework may require extensive modification
to on-road data collection and processing requirements. However, successful integration of the
MOVES model into this process offers the potential for significant improvements in both the
accuracy and precision of the resulting emissions estimates. With this in mind, another goal of
this study was to evaluate the effects of using alternative drive cycles within the MOVES model
upon vehicle emissions.

This study was designed specifically to answer the following questions:

o What is the best approach for creating an emissions inventory with MOVES based
on activity data obtained from a travel demand model (TDM)?

o What is the best approach for creating an emissions inventory with MOVES based
on activity data obtained from the Highway Performance Monitoring System
(HPMS)?

o What will be the likely impacts on an emission inventory from developing and

implementing different drive cycles derived from real world testing data within
MOVES?
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o What will be the likely impacts on an emission inventory after conversion from a
MOBILES basis to a MOVES basis?

We hope that the findings of this study will help agencies responsible for developing on-
road emission inventories to effectively use data processing tools provided by EPA to convert
existing MOBILEG6-based vehicle characteristic and activity data to be compatible with MOVES,
and to develop additional such tools where necessary. We have also set out to help identify those
factors responsible for the largest changes in emission estimates when migrating from MOBILE6
to MOVES, using real world data and case studies. In this way, agencies will be informed as to
which types of on-road activity data may be most important to develop and refine for use within
MOVES.

In addition to the key questions above, we also kept the following questions in mind:

. How can users best transition from MOBILE6 to MOVES?

. How substantial will the emissions change likely be when switching to MOVES
as a primary model?

o What information must be collected to successfully run MOVES using both link-
level and non-link-level sources of activity data?

. How difficult is it to run MOVES?
. What potential surprises will users encounter when switching to MOVES?

. How can alternate drive cycle data sets best be incorporated for both HPMS-based
and TDM-based inventories in different areas?

. How will output emissions differ when modeling TDM data versus HPMS data?

The version of MOVES used in this study was MOVES2010, originally released in
December of 2009. Although we have attempted in this report to cover as much ground as
possible in comparison of MOBILEG to MOVES, the reader should understand that the
information provided here is not all-encompassing. For example, this study only examines a
specific ozone season day, for a single year, in the eight-county Houston non-attainment area,
and its results should not be assumed to be applicable to other regions of the country. Similarly,
the data used for the calculation of alternate drive cycles input to the model is derived from data
collected in Kansas City, and should be considered specific to that area. In addition, the study
only examines impacts from CO, NOx, and VOC emissions; other outputs from MOVES (such
as PM10, CO2, or total energy consumption) were not modeled.



Section 2 discusses methodologies for preparation of the inputs necessary to perform a
MOVES model run, and details the inputs used in the model runs we developed for this project.
Section 3 focuses on the successful execution of MOVES, and processing of output from the
model. Section 4 discusses the development of drive cycles based upon the Kansas City
Emissions Study previously performed for EPA by ERG, and the steps necessary for integration
of those drive cycles into MOVES. Section 5 presents summaries of the emissions inventories
for CO, NOx, and VOC emissions calculated using MOVES for all modeled scenarios, and
compares those outputs both to the TTI MOBILE6-based inventory, and in the case of alternate
drive cycles, to each other. Finally, Section 6 summarizes our conclusions from this study, and
attempts to answer the study questions set forth here.



2.0 Preparation of MOVES Inputs

In order to answer the first two study questions listed previously, ERG began the process
of re-creating, using MOVES, the emissions inventory for the 8-county Houston-Galveston-
Brazoria (HGB) 0zone nonattainment area® prepared by the Texas Transportation Institute (TTI)
using MOBILESG6 and other associated tools. We selected this inventory as the subject for the
analysis based on the level of detail utilized in the current modeling, as well as our long standing
relationship with the Texas Commission on Environmental Quality (TCEQ) and the Texas
Transportation Institute (TTI), the parties responsible for developing the inventory for the
Houston region.

TTI’s inventory uses link-level travel demand model outputs obtained from the Houston-
Galveston Area Council (H-GAC), which have been processed and combined with MOBILEG6
factors for each of the model’s 28 vehicle classes by TTI. TTI processing activities include
application of vehicle miles traveled (VMT), volume, speed, time of day, and seasonal
adjustment factors to the link-level H-GAC activity data to obtain hourly allocations, as well as
preparation and execution of episode-specific MOBILESG runs in order to develop final mass
emissions estimates. The emissions inventory files, as well as all of the supporting data and
documentation, used to support the 2006 Houston-Galveston-Brazoria ozone nonattainment SIP
is posted on TCEQ’s public ftp server?.

The inventory scenario selected for re-creation was an o0zone season non-school weekday.
Each county in the HGB area was modeled independently. Data provided by TTI included tab
delimited summary files containing travel demand model (TDM) based VMT, VMT mix, hours
of operation, vehicle speed, and other parameters on an hourly basis for each county, which were
used for development of the first set of MOVES model runs prepared for this analysis. HPMS-
based VMT was also provided, and was used to develop the second set of MOVES modeling
runs. In addition, TTI provided MOBILESG input files, along with associated MOBILE6 VMT by
hour, speed VMT, VMT by facility, registration distribution, and inspection and maintenance
(/M) inputs.

1 2005/2006 On-Road Mobile Source, Ozone Episode Modeling Emission Inventories for the HGB Eight-Hour
Nonattainment Area (TTI, 2007)
% These files are available at the following URL: ftp://ftp.tceq.state.tx.us/pub/OEPAA/TAD/Modeling/Mobile EL/.
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The TDM-based VMT data was processed using SAS® programs developed by ERG to
obtain VMT estimates usable in MOVES. ERG developed other spreadsheet tools and
methodology for conversion of HPMS-based VMT into MOVES format*. MOVES spreadsheet
tools developed by EPA specifically for conversion of MOBILES® inputs into MOVES formats
(available at http://www.epa.gov/otag/models/moves/tools.htm) were also used extensively. The
methodology used in preparing inputs for execution in MOVES generally involved four steps:

. Pre-processing of VMT Data
. Application of EPA Converter Tools to VMT Data and MOBILES files
. Pre-Processing of Other Required Data

. MOVES Model Setup

The general data flow for the inputs required to the MOVES model is presented in Figure

Figure 2-1. MOVES Input Data Flow

TDM-based VMT

A 4

Ramp fraction and VMT by class
and road type — from SAS program

MOBILES speed distribution v
MOBILESG age distribution EPA converter tools

\ 4

MOVES derived population data
MOBILES6 I/M program
MOBILES fuel data

MOBILE6 meteorological data

\ 4

MOVES Model

A\ 4

\ 4
Model output

¥ SAS, or the Statistical Analysis System, is an integrated system of software products, developed by SAS Institute
Inc., that ERG used in its data analysis during the course of this study. More information is available at
WWW.Sas.com.

* These tools are provided electronically in Appendix A, and described in more detail in Section 2.1.
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A description of the processes used in analysis of the data provided by TT]I, along with
documentation of the methodology employed in creating MOVES input and output files, is
provided below.

2.1  VMT Pre-Processing

The first step in preparing data for input to MOVES is to ensure that the activity data that
will be used is representative and complete. Correct application of VMT, whether obtained from
a travel demand model, HPMS, or other sources, is crucial to ensure model outputs correctly
estimate emissions for a given area. For the purposes of this study, we prepared activity data
derived from both TDM and HPMS. In this section, we discuss procedures we undertook in
preparing our activity data, prior to subsequent processing in EPA’s VMT spreadsheet tools,
which will be discussed later.

Processing of TDM-based VMT data

In the case of TDM-based VMT, TTI provided tab-delimited summary files that included
VMT, VMT mix, hours of operation, vehicle speed, and other parameters on an hourly basis for
each county of interest. An example of the tab-delimited VMT summary data we received is
presented in Table 2-1.



Table 2-1. Example Harris County Tab-delimited 24-hour VMT (gasoline vehicles)

o < o
> = > P al > S| 2 2] >33
2 2 2 8 8 e |8 |a|8|ala|d]s
ROADWAY TYPE - - - - - I I I I I I I I
Urban Interstate 5234029 425653 | 1416995 | 423979 | 194975 | 47905 | 16793 | 6649 | 2387 | 6478 | 2131 | 2472 | 426
Urban Other Freeway | 2325426 189130 | 629612 188396 | 86638 21108 | 7399 2930 | 1052 | 2855 | 939 1089 | 188
Toll Roads 3554228 289074 | 962325 287950 | 132419 | 32149 | 11270 | 4462 | 1602 | 4348 | 1430 | 1659 | 286
Ramps (Fwy/Toll/Frnt) | 364309 32879 109453 33570 15438 4340 1521 602 216 587 193 224 39
Urban Prin. Art. 1648401 148801 | 495356 151937 | 69871 19876 | 6967 2759 | 990 2688 | 884 1026 | 177
Urban Other Art. 2948941 266194 | 886158 271797 | 124991 | 35163 | 12326 | 4880 | 1752 | 4755 | 1564 | 1814 | 313
Urban Collector 213299 24812 82600 26893 12367 4218 1479 585 210 570 188 218 38
Local (Cent. Conn.) 3902947 454054 | 1511540 | 492125 | 226314 | 76860 | 26942 | 10668 | 3829 | 10394 | 3419 | 3966 | 684
Rural Interstate 12238642 | 995312 | 3313381 | 991404 | 455917 | 111089 | 38941 | 15419 | 5534 | 15023 | 4942 | 5733 | 988
Rural Other Freeway 2521654 205085 | 682724 204286 | 93945 22873 | 8018 3175 | 1140 | 3093 | 1018 | 1180 | 203
Rural Prin. Art. 6175292 557389 | 1855542 | 569097 | 261710 | 73626 | 25808 | 10219 | 3668 | 9957 | 3275 | 3799 | 655
Rural Other Art. 15704998 | 1417602 | 4719178 | 1447400 | 665616 | 186714 | 65449 | 25914 | 9302 | 25250 | 8306 | 9635 | 1661
Rural Major Col. 801542 93251 310433 101070 | 46479 15690 | 5500 2178 | 782 2122 | 698 810 140
Rural Collector 473582 55099 183422 59718 27463 9224 3233 1280 | 460 1247 | 410 476 82
Local (Intrazonal) 138475 16113 53642 17464 8031 2729 956 379 136 369 121 141 24
TOTALS 58245767 | 5170448 | 17212360 | 5267087 | 2422176 | 663563 | 232601 | 92097 | 33059 | 89736 | 29518 | 34241 | 5902




It became apparent to us that for the purposes of this study, using a combination of the
tab-delimited summary files and MOBILEG inputs provided by TTI would be the most efficient
way to create representative MOVES input files. We arrived at this conclusion after perusing the
MOVES conversion tools made available by EPA, which rely primarily on existing MOBILEG6
inputs for use in creating MOVES input files.® It is important to note that EPA’s conversion tools
are designed to accept activity data in NMIM® format, and data available in that format may
require little to no additional processing on the part of the user. However, since activity data for a
given region may be available in a variety of formats, users interested in preparing TDM-based
VMT for input to MOVES for their own region may need to develop their own methods for
processing VMT. In doing so, the primary consideration should be:

. to appropriately calculate VMT, in millions of miles, by HPMS road type and
MOBILES® vehicle type. An example of properly formatted VMT data is
presented in Figure 2-2.

. to appropriately calculate the percentage of Vehicle Hours Traveled (VHT)
apportioned to ramps’. MOVES does not have a separate roadway type for ramps.
Instead, it requires ramp fraction as an input. If VHT are not available, defaults
ramp fractions can be used, although this is not preferred.

o to appropriately calculate VMT distributed by hour, if not already available from
existing MOBILES inputs.

Each of these inputs are required for EPA’s VMT processor, which is further described in
Step 2.

® Because many users of MOVES are likely to already have MOBILES input files and (other information based on
MOBILES® vehicle types) available to them, and because EPA is encouraging usage of their conversion tools, we
feel this process reflects the application of what will likely be a common way of creating MOVES runspecs.

® The National Mobile Inventory Model is, according to EPA, “a free, desktop computer application developed by
EPA to help you develop estimates of current and future emission inventories for on-road motor vehicles and
nonroad equipment”. More information is available at http://www.epa.gov/otag/nmim.htm.

" A procedure for calculating VHT is presented in section 3.6 of EPA’s “Technical Guidance on the Use of
MOVES2010 for Emission Inventory Preparation in State Implementation Plans and Transportation Conformity,”
EPA-420-B-09-042.
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Figure 2-2. Example Input of VMT to EPA Conversion Tool — Harris County

=l HARR-vmi-converter-veh2B8-20100209.xis

A P
Enter
| 1 |Base Year 2006
2 |
5 BaseYear  vClass28 RoadType VMJ]E;::;'O" Mote: The vClass field must be populated as follows:
I 2006 1 11 12 238642 viClass Vehicle Class Description
1 5 | 2006 1 13 8.6965459 1 LDGY Light-Duty Gasoline Yehicles (Passenger Cars)
B | 2006 1 15 15704957 2 LDGT1 Light-Duty Gasoline Trucks 1 (0- 6,000 lbs. GWWR, 0- 3,750 lbs. L)
7] 2006 1 17 0.8015422 3 LDGT:Z Light-Duty Gasoline Trucks 2 (0- 6,000 lbs. GWWR, 3,751 - 5,750 s, L)
|5 | 2006 1 19 0.4735822 4 LDGTS Light-Duty Gasoline Trucks 3 (6,001 - 8,500 bs. SWWR, 0- 5,750 s, ALY
9] 2006 1 21 0.1384752 5 LDGT4 Light-Duty Gasoline Trucks 4 (6,001 - 2,600 Ibs. GWWAR, greaterthan 5,741 lhs. ALV
10 2006 1 23 5.2340291 B HDGYIh Class 2b Heaw-Duty Gasaline Yehicles {8,501 - 10,000 Ibs. GVAWE)
AN 2006 1 15 5 8796547 7 HDGY3 Class 3 Heawy-Duty Gasoline Vehicles {10,001 - 14,000 Ibs. GVAWR)
12 | 2006 1 27 1.6434011 8 HDGY4 Class 4 Heaw-Duty Gasaline Vehicles (14,001 - 16,000 lbs. GYWYR)
13| 2006 1 29 29489411 9 HDGYS Class 5 Heavy-Duty Gasoline Vehicles (16,001 - 19,500 Ibs. GVAWR)
14 | 2006 1 il 0.2132932 10 HDGVE Class B Heavy-Duty Gasoline Yehicles (19,501 - 26,000 Ibs. GVWR)
15 2006 1 33 3.9029468 11 HDGYY Class 7 Heawy-Duty Gasoline Vehicles (26,001 - 33,000 Ibs. GVWR)
16 | 2006 2 11 0.9553118 12 HDGVEa Class 8a Heaw-Duty Gasoline Vehicles (33,001 - 60,000 lhs. GVWWRY
17 2006 2 13 0.7624733 13 HDGVEh Class 8b Heaw-Duty Gasoline Vehicles (=60,000 lbs, GVWR)
18| 2006 2 14| 1.4176015 14 LDDYV Light-Duty Diesel Vehicles (Passenger Carg)
19| 2006 2 17 0.0932514 15 LDDT12 Light-Duty Diesel Trucks 1 and 2 (0 - 6,000 [hs. GVWE)
20| 2006 2 19 0.0550985 16 HDDVZh Class 2b Heaw-Duty Diesel Vehicles (8,501 - 10,000 Ibs. GVWE)
21| 2006 2 21 0.0161134 17 HDDV3 Class 3 Heavy-Duty Diesel Wehicles {10,001 - 14,000 Ibs. GVWE)
| 22 | 2006 2 23 0.4256532 18 HDDV4 Class 4 Heavy-Duty Diesel Vehicles {14,001 - 16,000 Ihs. GVWE)
23] 2006 2 24 0.4782044 19 HDDWS Class 5 Heawy-Duty Diesel Vehicles {16,001 - 19,500 Ibs. GVWER)
|24 | 2006 2 27 0.1488007 20 HDDVE Clasg 6 Heavy-Duty Diegel Vehicles {19,501 - 26,000 Ibs. GVWR)
125 | 2006 2 9 0.2661943 21 HDDWY Clasg 7 Heawy-Duty Diegel Vehicles {26,001 - 33,000 Ibs. GVWR)
|26 | 2006 2 31 00248124 22 HDDWEa Class 8a Heaw-Duty Diesel Vehicles (33,001 - 60,000 lhs. GYWAVR)
|27 | 2006 2 33 0.4540633 23 HDDVER Class B Heaw-Duty Diesel Vehicles (=60,000 Ibs. GVWE)
|28 | 2006 3 11 33133812 24 MC Motorcycles (Gasaline)
|29 | 2006 3 13 2 538266 25 HDGB Gasoline Buses (School, Transit, and Urban)
| 30| 2008 3 15 47191779 26 HDDBET Diesel Transit and Urban Buses
|31 2008 3 17 0.3104329 27 HDDBS Diesel School Buses
132 2006 3 19 0.1834223 28 LDDT34 Light-Duty Diesel Trucks 3 and 4 (6,001 - 8,500 lhs. GVWR)
133 2008 3 21 0.0536415
| 34 | 2006 3 23 14165945
I v m b, HPMSyTypeYear 4 MonthTFraction —,H{‘QBDFVMTFractiDn A RoadTypeDistribution 4 RoadType £ Instructions 3 Import vClass28 YMT {  Import CountyyMTMor

For this study, ERG used a SAS program to process the VMT summary files provided by
TTI, aggregated by MOBILEG6 vehicle type and H-GAC roadway type. Table 2-2 presents the
mapping ERG used for converting H-GAC roadway types to HPMS roadway types; a similar
mapping will likely need to be developed for roadway types in other areas. The SAS program
was written solely for use with the TDM output provided by TTI, and was intended as both a QC
measure (to verify MOBILESG inputs provided by TTI were consistent with the TDM outputs)
and as a tool to generate ramp fractions and VMT for use in the EPA conversion tools. ERG’s
SAS program produced appropriately formatted VVMT, ramp fractions, and other QC outputs® for
each county, which were subsequently used as input to the EPA converter tools discussed later.

8 ERG’s SAS program also independently calculated MOBILE6-format facility VMT, speed VMT, and VMT by
hour files. These files were used for QC purposes, and were checked against similar files already provided by TTI,
The result was that ERG’s facility VMT and VMT by hour files for Harris County very closely resembled those
provided by TTI. Speed VMT differed in that ERG’s speeds were not as widely distributed across the speed range as
TTI’s — this was later determined to be caused by ERG’s use of the VMT summary, whereas TTI was using link-
level VMT as a basis for its speed distribution, which is more accurate. Subsequently, VMT by hour and speed
VMT from TTI were used as input to EPA’s converter tools for all subsequent MOVES runs.
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Table 2-2. H-GAC Road Types Mapped to HPMS Road Types

H-GAC

HPMS

Road RH'GAC Road hhals HPMS
oad Type Area ..
Type Description Type Type Road Type Description
Code Code
Urban Interstate Freeways 23 Urban Interstate
2 Urban Other Freeways 25 Urban Other Freeways and
Expressways
3 Toll Roads 25 Urban Other Freeways and
Expressways
4 Ramps (Frwy/Toll/Frontage) | Special Case, no direct link, must map by ramp fraction
5 Urban Principal Arterials 27 Urban Other Principal Arterial
6 Urban Other Arterials 29 Urban Minor Arterial
7 Urban Collectors 31 Urban Collector
8 Locals (Centroid 33 Urban Local
Connectors)

10 Rural Interstate Freeways 11 Rural Interstate
11 Rural Other Freeways 13 Rural Other Principal Arterial
12 Rural Principal Arterials 13 Rural Other Principal Arterial
13 Rural Other Arterials 15 Rural Minor Arterial
14 Rural Major Collectors 17 Rural Major Collector
15 Rural Collectors 19 Rural Minor Collector
40 Local (Intrazonals) 21 Rural Local

Processing of HPMS-based VMT data

In the case of HPMS-based VMT, a different set of procedures must be used to arrive at
activity data that can be used as format to the EPA converter tools, and subsequently, to the
MOVES model itself. The HPMS VMT, also provided by TTI, is simplified and streamlined
relative to the TDM-based VMT discussed above. The TDM based-VMT was provided for a
number of specific vehicle types and road types, across all 24 hours of a given ozone season
weekday. The HPMS VMT used in this analysis, however, is organized only by road types and
area types, as seen in Table 2-3, which are less specific that what is available in the TDM-based
VMT, a sample of which is presented previously in Figure 2-2.

Table 2-3. Harris County HPMS VMT Example

County Harris

Data Type Area Type Interstate Freeway | Principal Arterial | Minor Arterial | Major Collector| Minor Collector Local Total
Rural (<5,000) 681,075.940 0.000 886,330.630 776,455.580 531,412.352 133,798.075 492,808.352 | 3,501,880.929
small Urban {5,000-49,999} 0.000 0.000 177,295.000 81,002,190 50,515.680 0.000 14,614.040 323,426,910

VT Large Urban (50,000-199,999} 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000

Urbanized (200,000+)

30,049,085.890

21,045,993.960

18,072,516.123

19,274,509.064

5,199,444.036

0.000

3,651,528.589

100,293,077.662

Total

30,730,161.830

21,045,993.960

19,136,141.753

20,131,966.834

8,781,372.068

133,798.075

4,158,950.951

104,118,355.501
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Since MOVES requires VMT data formatted by source type, and the HPMS data
provided was aggregated only by road type, it is necessary to convert the VMT basis for use in
the model. This can be accomplished by extracting default VMT ratios from within MOVES
itself , which can then be used to define the relationship between VMT by source type and VMT
by road type, and thereby calculate representative VMT by HPMS source type.

In order to do this, ERG exported the HPMSVtypeYear table from the MOVES MySQL
database and used the VMTGrowthFactor for the year of interest to project the 1999
HPMSBaseYearVMT to 2006. The general formula is shown here. A sample of the values
calculated is shown in Table 2-4.

HPMSBaseYearVMT z0s = HPMSBaseYearVMT e *VMTGrowthFactor sws

Table 2-4. Default HPMS VMT, Growth Factors, and 2006 Projected VMT

HPMSVtypelD | yearID | VMTGrowthFactor | HPMSBaseYearVMT
10 1999 10600000000
20 1999 1.56864E+12
30 1999 9.00735E+11
40 1999 7657000000
50 1999 70273700000
60 1999 1.32358E+11
10 2006 1.119 11861400000
20 2006 0.98953 1.55222E+12
30 2006 1.0398 9.36584E+11
40 2006 1.007 7710599000
50 2006 1.007 70765615900
60 2006 1.034 1.36858E+11

Next, ERG calculated the VMT fraction by HPMSVtypelD using the
HPMSBaseYearVMT. The VMT fraction is equal to the HPMSBaseYearVMT for each
HPMSVtypelD, divided by the sum of HPMSBaseYearVMT for all HPMSVtypelDs, as
illustrated by this equation. An example of the calculation is shown in tabular form in Table 2-5.

HPMSBaseYearVMT wewmsviypeio

VMTfracti ONHpmsviyped =
sum(HPMSBaseYearVMT)




Table 2-5. Default MOVES VMT Fractions

ERG then applied the VMT fraction by HPMSVtypelD to the HPMS total VMT provided

VMT

HPMSVtypelD | yearIlD | HPMSBaseYearVMT | baseYearOffNetVMT |  Fraction
10 2006 11861400000 0 0.004367237
20 2006 1.55222E+12 0 0.571508987
30 2006 9.36584E+11 0 0.344840023
40 2006 7710599000 0 0.002838958
50 2006 70765615900 0 0.026055122
60 2006 1.36858E+11 0 0.050389674
TOTAL [2716Ex12 |

for each county by TTI, as shown in this equation, and in Table 2-6.

LOCALVMTHPMSVtypeID = H P MSTOtaIVMTcoumy *VMTfraCtiOnHPMSVIypeID




Table 2-6. HPMS VMT by Source Category

County Brazoria Chambers Fort Bend Galveston Harris Liberty Montgomery Waller
Total VMT - 5,811,028.16 | 2,565,380.29 | 8,382,649.62 | 5,941,534.85 | 104,118,385.50 | 2,369,353.01 | 10,079,341.99 | 1,880,278.93
HPMS 1 0 8 5 1 0 4 0
HPMSVtypel
D VMT Fraction
10 0.004367237 25378.13745 | 11203.62384 | 36609.01799 | 25948.09112 | 454709.6702 10347.52624 | 44018.87574 8211.623797
20 0.571508987 3321054.817 | 1466137.891 | 4790759.597 | 3395640.566 | 59504593.02 1354106.538 | 5760434.532 1074596.306
30 0.344840023 2003875.083 | 884645.7974 | 2890673.088 | 2048879.014 | 35904186.42 817047.7457 | 3475760.522 648395.4289
40 0.002838958 16497.2635 7283.006285 | 23797.98822 | 16867.76649 | 295587.6986 6726.493117 | 28614.82618 5338.032462
50 0.026055122 151407.0453 | 66841.29538 | 218410.9553 | 154807.4131 | 2712817.194 61733.78077 | 262618.4812 48990.89615
60 0.050389674 292815.8144 | 129268.6764 | 422398.9816 | 299392.0041 | 5246491.498 119390.9257 | 507894.7567 94746.64222
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Finally, ERG formatted the local VMT data by HPMS vehicle type for import into
MOVES according to the MOVES template for VMT by vehicle type. (Note that
baseYearOffNetVMT is always set to zero for this purpose.) The HPMS-based VMT derived in
this way negates the use of the first VMT converter tool described under Step 2 below, in that at
this point we have effectively calculated total VMT by county and top level HPMS source
category.

When using HPMS-based VMT as a source of activity data for MOVES, users must not
only assign appropriate source types to the VMT described above, but also derive road type
distributions for the data.® In order to perform this calculation for the HPMS data, ERG mapped
the Houston-Galveston Area Council (H-GAC) road types listed in the TTI tab files to the
standard HPMS road types. In cases where the mapping was not transparent, ERG used its best
engineering judgment to assign the H-GAC road types to the most appropriate HPMS road type
category. Table 2-7 shows the mapping.

Table 2-7. H-GAC Road Types Mapped to HPMS Road Types

H-GAC HPMS

Road R::;(ff.‘)%e Road "":’r';"as HPMS

Type Description Type Type Road Type Description

Code Code

Urban Interstate Freeways 23 Urban Interstate
2 Urban Other Freeways 25 Urban (E)ther Freeways and
Xpressways
3 Toll Roads 25 Urban Other Freeways and
Expressways
4 Ramps (Frwy/Toll/Frontage) | Special Case, no direct link, must map by ramp fraction
5 Urban Principal Arterials 27 Urban Other Principal Arterial
6 Urban Other Arterials 29 Urban Minor Arterial
7 Urban Collectors 31 Urban Collector
8 Locals (Centroid 33 Urban Local
Connectors)

10 Rural Interstate Freeways 11 Rural Interstate
11 Rural Other Freeways 13 Rural Other Principal Arterial
12 Rural Principal Arterials 13 Rural Other Principal Arterial
13 Rural Other Arterials 15 Rural Minor Arterial
14 Rural Major Collectors 17 Rural Major Collector
15 Rural Collectors 19 Rural Minor Collector
40 Local (Intrazonals) 21 Rural Loca

ERG assigned the HPMS VMT provided by TTI to the appropriate road types. The VMT
for the urban HPMS road types (codes 23, 25, 27, 29, 31, and 33) was obtained by summing the

° For TTl-based VMT, the calculation of road type distribution was handled by the EPA converter tool, as discussed
in the following section.

2-11




HPMS VMT for small urban areas, large urban areas, and urbanized areas. Then, the HPMS
road types were mapped to the MOVES road types. Table 2-8 illustrates the HPMS road type to
MOVES road type mapping, which was derived from calculation sheets contained in the EPA
converter tools discussed below in Section 2.2,

Table 2-8. HPMS Road Types Mapped to MOVES Road Types

HPMS HPMS MOVES
ROAD TYPE HPMS ROAD TYPE MOVES ROAD TYPE

CODE AREA TYPE DESCRIPTION ROAD TYPE ID DESCRIPTION
11 Rural Interstate 2 Rural restricted access
13 Rural Other Principal Arterial 3 Rural unrestricted access
15 Rural Minor Arterial 3 Rural unrestricted access
17 Rural Major Collector 3 Rural unrestricted access
19 Rural Minor Collector 3 Rural unrestricted access
21 Rural Local 3 Rural unrestricted access
23 Urban Interstate 4 Urban restricted access
25 Urban Other Freeways and Expressways | 4 Urban restricted access
27 Urban Other Principal Arterial 5 Urban unrestricted access
29 Urban Minor Arterial 5 Urban unrestricted access
31 Urban Collector 5 Urban unrestricted access
33 Urban Local 5 Urban unrestricted access

Once these mapping schemes were completed, ERG summed the VMT by MOVES road
type. The next step in the process was to obtain the MOVES default VMT fraction by vehicle
type, using the same methodology described above in the HPMS-based VMT Conversion section.
After projecting 2006 VMT from 1999 base VMT using factors supplied in the HPMSVtypeYear
table in MOVES, ERG calculated a VMT fraction by HPMS type using default VMT ratios, an
example of which is shown in Table 2-9.

HPMSVtypelD

VMT Fraction

10
20
30
40
50
60

0.004367237
0.571508987
0.344840023
0.002838958
0.026055122
0.050389674

Table 2-9. Example MOVES Default VMT Fraction by Vehicle Type ID

ERG then multiplied the default VMT fraction (by vehicle type) with the total VMT (by
MOVES road type) to obtain the VMT aggregated by HPMS Vehicle type and MOVES road
type, according to the following equation.
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VM THPMSvehicIetypeandMOVESroadtype = V M T F raCti O n byve h | C I eTypEMOVESdefault *VM TMOVESRoadType

Following the equation for RoadTypeVMT Fraction provided below, ERG then divided
the VMT by HPMS vehicle type and MOVES road type with the sum of all VMT for a given
HPMS vehicle type in order to obtain the VMT distribution by road type that is required for
input to MOVES:

VM THPMSvehicletypeandMOVESroadlype

[S U m (\/ M TH PMSvehicletypeandMOVESroadtype )] HPMSvehicletype

RoadTypeVMTFraction =

All road type distribution calculations performed in this section are provided for
reference electronically in Appendix A in the “Calculate HPMS VMT by HPMS vehicle type”
spreadsheet.

2.2  Use of EPA Spreadsheet Converter Tools

Because EPA understands that many users of MOVES will already be familiar with
MOBILEG6 and NMIM, and likely have on hand previously performed analyses for their areas of
interest that use those models, the agency has developed a number of converter tools that allow
for transition of older data to MOVES. These spreadsheet tools were most recently updated in
February 2010, and are freely available at EPA’s website'®. ERG made extensive use of these
tools in adapting TTI’s previously developed MOBILES® files into a form usable in MOVES, and
we expect that others users will want to do the same. Each of the converter tools used during this
study have been included electronically in Appendix A, and are discussed in additional detail
below.

VMT Converter Tool

Having processed the TDM-based VMT using SAS, ERG used the first of several EPA
spreadsheet tools employed for this effort, the VMT Converter Tool, to prepare inputs for
MOVES. The specific converter used* was based on translation of specific VMT by the 28
MOBILES® vehicle types, listed under “Set 2” on EPA’s Tools for MOVES page. This tool is
necessary to convert both VMT and road type fractions from a MOBILEG vehicle type basis to a
MOVES source type basis'* Note that although we used only one of the VMT converter tools

10 http://www.epa.gov/otag/models/moves/tools.htm

1 http://www.epa.gov/otag/models/moves/tools/vmt-converter-veh28-20100209.xls

12 |t is important to note that MOBILES vehicle types are developed primarily on a vehicle weight basis, while
MOVES source types focus more on usage classification of a particular vehicle. This distinction arises often while
converting information from a MOBILES basis to a format useable in MOVES.
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EPA provides on the Tools for MOVES website, there are seven other such VMT converters
available. These converters are designed to assist users with conversion of VMT on a number of
vehicle type bases (either 28, 16, 12, or 8 vehicle types), and based on either specific VMT or
VMT/road type fractions. Users of MOVES are encouraged to closely examine EPA’s available
converter tools to determine which is best suited for their own application.

A separate converter spreadsheet was created for each of the eight counties of interest for
this effort. This particular tool requires as input ramp fractions, hourly VMT fractions, monthly
VMT fractions, and VMT aggregated by vehicle class and road type, each of which are described
below:

. The input ramp fraction calculated using SAS was input for each of the three road
types (11, 23, and 25) specified in the Import Ramp Fractions sheet. This was
done primarily because the ramp VMT provided by TTI was not associated with a
particular road type. Therefore, ramp fractions were assumed to apply equally to
each road type. Users with a more specific association between road type and
ramp VMT could use more detailed fractions.

. VMT by hour were copied directly from TT1’s MOBILEG inputs for each county
into the Import HourlyVMTFractions sheet.

. VMT aggregated by class and road type obtained from SAS processing were
copied directly into the Import vClass28 VMT sheet. An example screenshot of
this sheet was previously presented in Figure 2-2.

o Note that information was NOT supplied for the Import
CountyVMTMonthAllocation sheet, because in re-creating the TTI inventory for
the HGB area, modeling was only necessary for a single month (July) and single
day. If a user wished to populate this tab for use in MOVES, he could using
derive it from an NMIM county database, if available, per the SQL script
provided on the Instructions sheet in the converter tool.

The output from the converter tool includes VMT by HPMS source type, monthly VMT
fractions by source type, hourly VMT fractions by source type and vehicle type, road type
distribution by source type, and a converted ramp fraction. The ramp fraction and road type
distribution produced here were directly imported into MOVES, as described later. The monthly
fractions produced, meanwhile, were ignored in favor of those produced by EPA’s Average
Annual Daily (AAD) VMT converter tool, because using the default monthly weighting
provided in this tool for VMT in July (1.0871 in a non-leap year) would have over-estimated
VMT for the scenario we were modeling. The calculated VMT itself, as shown in Figure 2-3,
was in turn used as input to the AADVMT tool.
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Figure 2-3. VMT Output from EPA Conversion Tool — Harris County
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AADVMT Calculator Tool

The AADVMT tool*? is the second of EPA’s tools ERG used to develop MOVES inputs.
This tool is necessary to convert Average Annual Daily VMT, such as that provided to us by TTI,
into annual VMT, which is required as input to MOVES whether a user is performing an annual
analysis or not. The AADVMT tool calculates annual VMT based on provided AAD VMT, and
weights the VMT appropriately across months and days (weekend or weekday) of interest. As
before, a separate AADVMT spreadsheet was created for of the eight counties to be modeled.

To use the AADVMT tool, the HMPS VMT obtained from the HPMSvTypeYear output
sheet in the VMT converter tool shown above was copied (per guidance in the Instructions sheet)
to the Import HPMS AADVMT and Factors sheet in the AADVMT calculator. In addition, all of
the monthly and weekend-day adjustment factors on that sheet were changed from their default
values to 1.0 to reflect that, for this inventory, we are ultimately only attempting to model
emissions for a single day in a single month (thus, our daily VMT did not need to be re-weighted

3 http://www.epa.gov/otag/models/moves/tools/aadvmtcalculator_hpms.xls
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on an monthly or weekend-day basis for conversion to annual VMT). An example of the inputs
to the AADVMT tool is shown in Figure 2-4. The outputs from the AADVMT calculator (in the
HPMSVTypeYear, monthVMTFraction-calculated, and dayVVMTFraction-calculated sheets)
were ultimately used for inputs to MOVES through the County Data Manager, which is
described in more detail later in this document.

Figure 2-4. AADVMT Input — Harris County

5l HARRaadvmicalculator. s

A B C D E F G H | J
Monthly Weekend-Day
Adjustrment  Adjustment
| 1 | HPMSVtypelD yearlD AADVIMT HPMEYTypelD  monthiD Month Factor Factor
| 2 | 10 2006 96544 10 1 January 1.0000 1.0000
| 3 | 20 2006 57948550 10 2 Febroary 1.0000 1.0000
L4 30 2006 33246885 10 3 March 1.0000 1.0000
| 5 | 40 2006 34TTET 10 4 April 1.0000 1.0000
B | a0 2006 1025230 10 5 May 1.0000 1.0000
| 7| &0 2006 3879260 10 6 June 1.0000 1.0000
| B | 10 7 July 1.0000 1.0000
| 9 |Note: Not all HPMSVTypellM's have to be entered above, 10 8 August 1.0000 1.0000
10| but each should only be entered once. 10 9 September 1.0000 1.0000
| 11| 10 10 October 1.0000 1.0000
| 12 |WARNING: DO NOT DELETE OR REARRANGE ANY ROWS 10 11 Movember 1.0000 1.0000
| 13| FOR ADJUSTMENT FACTORS AT RIGHT! 10 12 December 1.0000 1.0000
14 | 20 1 January 1.0000 1.0000
| 15 |[MOVES Defaults for Adjustment Factors at right: 20 2 February 1.0000 1.0000
| 16 [Monthly Adjustment Factors: 20 3 March 1.0000 1.0000
17 Leap Year Non-leap Year 20 4 April 1.0000 1.0000
|18 | January 0.8607 0.8605 20 5 May 1.0000 1.0000
| 19 |February 0.9090 0.9088 20 6 June 1.0000 1.0000
| 20 |March 0.9626 0.9623 20 7 July 1.0000 1.0000
|21 | April 1.0016 1.0013 20 8 August 1.0000 1.0000
| 22 |May 1.0305 1.0303 20 9 September 1.0000 1.0000
| 23 |June 1.0742 1.0740 20 10 October 1.0000 1.0000
| 24 [July 1.0873 1.0871 20 11 Movember 1.0000 1.0000
| 25 |August 1.1003 1.1001 20 12 December 1.0000 1.0000
| 26 |September 1.0305 1.0303 30 1 January 1.0000 1.0000
| 27 |October 1.0189 1.0187 30 2 Febroary 1.0000 1.0000
| 28 |[November 0.9764 0.9761 30 3 March 1.0000 1.0000
| 29 |December 0.9447 0.9445 30 4 April 1.0000 1.0000
| 30| 30 4 May 1.0000 1.0000
| 31 |Rural Weekend-day Adjustment Factor: 0.9665 30 B June 1.0000 1.0000
| 32 |Urban Weekend-day Adjustment Factor: 0.7793 30 7 July 1.0000 1.0000
133 | 30 8 August 1.0000 1.0000
| 34 | 30 9 September 1.0000 1.0000
| 35 | 30 10 October 1.0000 1.0000
|36 | 30 11 Movember 1.0000 1.0000
| 37 | 30 12 December 1.0000 1.0000
| 35 | 40 1 January 1.0000 1.0000
139 | 40 2 February 1.0000 1.0000
40| 40 3 March 1.0000 1.0000
41 40 4 April 1.0000 1.0000
|42 40 5 May 1.0000 1.0000
|43 40 6 June 1.0000 1.0000
|44 | 40 7 July 1.0000 1.0000
M4 4 » MP\ HPMSYTypeYear £ monthvMTFraction-calculated  { dayWMTFraction-calculated  / Instructions % Import HPMS AADYMT and Factors {
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Age Distribution

Yet another converter tool** provided by EPA facilitates the transformation of

MOBILE6-formatted registration distribution data into MOVES-compatible vehicle age
distribution data files. ERG input TTI’s MOBILES registration data to the tool, which expands
registration data across thirty-one years, applies the registration distribution to the vehicle count
for the calendar year of interest, and maps the total vehicle counts, by age, to one of the thirteen
appropriate MOVES source types. The vehicle counts are then renormalized for each of the
thirteen source types. The outputs of the converter tool, formatted appropriately for import into
MOVES to populate the SourceTypeAgeDistribution table, include source type, year, vehicle age,
and vehicle distribution fraction.

Speed Distribution

EPA also provides a tool™ that converts MOBILE6-formatted speed distribution files to
the format required by MOVES. (We used the MOBILEG6-based version of the tool, but EPA
provides an NMIM-based version as well for users with NMIM-formatted speed distributions.)
ERG input TTI’s MOBILES6 speed distribution data to the tool, which expands MOBILE6
fourteen-bin, VMT-based speed distribution files to the MOVES sixteen-bin, time-based speed
distribution format. The outputs of the speed distribution converter tool, formatted appropriately
for import directly into MOVES to populate the AvgSpeedDistribution table, include source type,
road type, hour and day, average speed bin, and speed distribution fraction.

2.3  Preparation of Other Inputs

In addition to the various outputs from the converter tools described in the previous
section, other inputs are also necessary for calculating emissions inventories at the county level
in MOVES. These include vehicle populations, inspection and maintenance (I/M) program
parameters, fuel characteristics, and ambient meteorological conditions. These model inputs
were developed by ERG, are provided electronically as part of the MOVES County Data
Manager input databases included in Appendix A, and are described in the section that follows.

Y http://www.epa.gov/otag/models/moves/tools/reg-distrib-converter-veh16-20100209.xIs
1 http://www.epa.gov/otag/models/moves/tools/averagespeedconverter_mobile6.xls
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Vehicle Population

EPA’s Technical Guidance®® prescribes the use of state motor vehicle registration data
for developing vehicle populations in MOVES, which are used to calculate both start and
evaporative emissions. ERG obtained 2006 registration data for each county of interest in this
study from the Texas Department of Motor Vehicles. This data was aggregated by MOBILEG6
vehicle class. In order to prepare the data for modeling in MOVES, ERG converted the vehicle
populations provided to MOVES source types by using the mapping ratios available in Table A.1
of the Appendix in the Technical Guidance.

Although usage of registration data to develop vehicle populations is suggested by EPA
in the Technical Guidance, users should understand that the vehicles registered in a county for a
given point in time do not necessarily correspond to the VMT driven over that same period in the
county. For example, commuters living in Fort Bend county may drive a significant portion of
their vehicle miles in Harris county. In this example, using registration data as a population
surrogate may lead to overestimation of start and evaporative emissions in Fort Bend county,
while underestimating those same emissions in Harris County. While a better alternative for
determining representative source populations does not currently exist, it is an important issue
for users to be aware of.

Ideally, users will be able to develop population data files for import into MOVES using
state and local resources, such as state motor vehicle registration data, local transit authorities,
and/or data provided by other stakeholders. However, it has been our experience that this data
can sometimes be difficult to obtain at the level of disaggregation required for import into
MOVES. If adequate resources for development of vehicle populations are lacking, users can
follow section 3.3 of EPA’s Technical Guidance to calculate local vehicle population based on
their VMT data.

Because we originally had difficulty obtaining registration data ourselves, ERG went
through the process of developing populations surrogates based on VMT. As described in the
EPA Technical Guidance, the first step in deriving local population estimates based on local
VMT data is to perform a MOVES modeling run using MOVES default population and VMT
data. To do this, ERG selected “National” as the modeling domain, and “County” as the
geographic selection type. We then selected the county of interest, along with the 2006 year, for
the evaluation. For the cases being evaluated in this exercise, the selections for time span were a

16 “Technical Guidance on the Use of MOVES2010 for Emission Inventory Preparation in State Implementation
Plans and Transportation Conformity,” EPA-420-B-10-023. United States Environmental Protection Agency. April
2010. Available at http://www.epa.gov/otag/models/moves/420b10023.pdf
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24-hour period for a weekday in the month of July. All vehicle and fuel types (except the
placeholder fuel type) were selected, as well as all road types for this modeling scenario. Since
the only interest here is obtaining the default population to VMT ratio, selection of a particular
pollutant is not relevant. However, the model required the selection of at least one pollutant, so
Oxides of Nitrogen was selected for these runs. Finally, output data selections were made, which
are important to ensure the required information for calculating the default MOVES population
to VMT ratios is present. For the evaluations undertaken here, the following selections were
made:

o 24-Hour Day,

o Output VMT data,

o Output Population,

. Output Time Units as Days, and

. Output VMT units as Miles.

Once the model runs were complete, ERG exported the ActivityType table and the
MOVESActivityOutput table from the output database generated by the model. Using this data,
ERG calculated the MOVES default population to VMT ratio for each source type by dividing
the MOVES default population by the MOVES default VMT in the outputs.

Next, ERG obtained the local VMT data, by source type, for the area of interest (which
was obtained by summing the VMT by county as calculated in EPA’s VMT Converter Tool
spreadsheet). Finally, the local vehicle population, by source type, was calculated by applying
the default MOVES population to default MOVES VMT ratio to the local VMT, by source type,
by county. This calculated population is what can ultimately be used for input to MOVES if
other sources of population data are unavailable.

I/M Programs

Information on I/M programs in the HGB area was also provided by TTI in the form of
inputs to MOBILESG. Note that only five of the eight counties modeled are affected by I/M —
Brazoria, Fort Bend, Galveston, Harris, and Montgomery. Although there are no converter tools
provided by EPA to adapt MOBILEG6 I/M information into a format usable by MOVES, doing so
manually is a fairly straightforward process. However, there are a few issues to be aware of when
doing so.
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As specified in the MOVES User’s Guide’, the most straightforward approach to
making changes to an I/M program in MOVES is to begin with the MOVES default I/M
information for the particular county being modeled, and adapt the information in the defaults as
necessary. This can be most easily done by exporting the default I/M values using the feature
provided in the County Data Manager into an Excel Spreadsheet.

In order to most accurately represent the inventory modeled by TTI, ERG changed the
test standards from default values to match those specified in MOBILESG inputs. In doing so, we
added new records to reflect the I/M parameters specified in MOBILESG inputs and included a
value of Y for the uselMyn field as suggested in the MOVES User’s Guide. We changed the
uselMyn field to N for existing records in the IM table. Specifically, we changed the
testStandardsID from 24 to 23 for the exhaust I/M program affecting light duty vehicles,
represented by source types 21, 31, and 32 in MOVES (passenger cars, passenger trucks, and
light commercial trucks, respectively). This reflected the ASM 2525 Final Cutpoints being used
in the MOBILES inputs, as opposed to the ASM 2525/5015 Phase-in Cutpoints in place in the
MOVES defaults. Similarly, the testStandardsID was changed from 43 to 45 for an evaporative
program affecting light-duty vehicles, which represented an OBD Evap and Gas Cap program, as
opposed to only an Evap program. In addition, ERG also added an I/M program consisting of a
two-mode, 2500 RPM/Idle Test for heavy duty source types 41, 42, 43,51, 53, 54, 61, 62, in
addition to the program that already existed for heavy-duty source type 52.

One of the challenges of applying I/M programs as specified in MOBILES is that
MOBILES® vehicle types do not map precisely with MOVES source types. In particular, MOVES
source types 31 and 32 can encompass MOBILEG6 source types LDGT1 all the way up to
HDGVS5. In section 3.10.6 of the Technical Guidance, EPA recommends calculating a
compliance factor based not only on compliance rate and waiver rate (both provided in
MOBILES® inputs), but also on regulatory class coverage. Calculating the regulatory class
coverage is now fairly straightforward, as the information in Table A.3 of the April 2010
Technical Guidance Appendix (Gasoline I/M Regulatory Coverage Adjustments) provides the
proper conversion factors, along with example calculations.

Once users have appropriately modified the default I/M program for the modeling area of
interest and appropriately calculated conversion factors for each I/M program, pollutant, source
type, and model year combination, the spreadsheet created can be imported back into MOVES as
described later.

17 Available both at http://www.epa.gov/otag/models/moves/420b09041.pdf and through the MOVES graphical
interface

2-20


http://www.epa.gov/otaq/models/moves/420b09041.pdf�

Fuel Formulation and Supply

MOVES uses two tables to characterize information with respect to fuels. The first, Fuel
Supply, lists fuel formulations, along with their respective market shares, on a monthly and
yearly basis. The second table, Fuel Formulation, lists a number of descriptive parameters for the
various fuel formulations. In order to populate these two tables, ERG initially culled information
on fuels used in the preparation of TTI’s inventory from their MOBILES® input files, as well as
the accompanying 2005/2006 On-Road Mobile Source, Ozone Episode Modeling Emissions
Inventories for the HGB Eight-Hour Nonattainment Area report. Reid vapor pressures,
oxygenate weight percentages, and sulfur content for both gasoline and diesel fuels were
specified in the MOBILESG runs.

MOBILE®6 oxygenates are listed in terms of weight percent, and must be converted to
volume percent for use in MOVES. This was done using ratios specified on page 166 of the
User’s Guide to MOBILE6.1 and MOBILEG.2*® Sulfur content and RVP provided in MOBILE6
were directly input to the fuel formulation sheet. The other fields required in the fuel formulation
sheet (e.g., aromatic content, €200, cetane index, and so forth) were populated using the existing
fuel formulation defaults in MOVES. The fuel supply sheet was populated with two new fuel
formulation 1Ds for July 2006, one representing gasoline and one diesel, each with 100% market
share. We felt this most accurately reflected the data available in the TTI MOBILESG inputs. Note
that per the Technical Guidance, creating some sort of single average fuel to be representative of
a given area is discouraged — rather, multiple fuels in use for a given area should be input, and
market share adjusted appropriately for each of those fuels. In this case, however, ERG created a
single fuel, since that most closely mirrored the inputs used in TTI’s MOBILESG input files.

This initial attempt to create a representative fuel supply and formulation uncovered a
couple of notable bugs in MOVES2010. The first bug involved creation of new fuel formulation
IDs for input to MOVES. When a user creates and imports new fuel formulation IDs, MOVES
does not currently “zero out” the market share of existing fuel formulation IDs, which leads to
overestimation (approximately two to four times) of pollutants in model calculations. To avoid
this problem, EPA suggests that users should currently adjust data associated only with existing
fuel formulation IDs, and not create new IDs.

The second bug that was discovered is related to fuel type IDs. ERG’s initial import
contained a fuel type ID of 12, which represents E10 fuel. The ethanol volume percentage
associated with this fuel, as calculated from the MOBILESG inputs, was 9.28%. This is less than

18 EPA420-R-030-010, August 2003, available at http://www.epa.gov/otag/models/mobile6/420r03010.pdf
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the range of 10-20% that MOVES expects for that particular fuel type ID. Therefore, MOVES
did not handle calculation of VOC emissions correctly, and underestimated them by
approximately an order of magnitude®® In this particular case, the workaround suggested by EPA
was to use a different fuel type ID of 13, which corresponds to E8 fuel and has an expected
ethanol range that includes the 9.28% specified.

Because of the issues surrounding emissions calculations related to fuel formulations in
MOVES, EPA? recommended that ERG use the default Fuel Formulation and Fuel Supply
provided in MOVES for the HGB area instead of importing or adjusting custom formulations,
until the existing bugs are fixed. The most straightforward way to do this is to export MOVES
default fuelformulation and fuelsupply tables via the interface, and then reimport them, as
suggested in the MOVES User’s Guide. In most cases, modeling with the default Fuel
Formulation and Fuel Supply for a given area should provide representative outputs.

Meteorological Data

MOVES provides a template for importing hourly temperature and relative humidity data.
ERG simply formatted the hourly temperature and relative humidity data from the MOBILEG
input files according to the template in an Excel spreadsheet. Although this is a fairly
straightforward conversion that ERG performed manually, EPA also provides two
meteorological data converter tools on their website (one for MOBILEG6-formatted data, and one
for NMIM-formatted data) for modelers to use.

2.4  MOVES Model Setup

The procedures used for setting up and configuring MOVES input files (also known as
run specifications, or “runspecs”) and input databases were fairly similar across all modeling
scenarios performed, differing only in external inputs provided to the model. A separate MOVES
input runspec and associated database was created for each county of interest, using default
MOVES drive cycles, for both TDM-based VMT, as well as HPMS-based VMT. The same runs
were re-created using ERG’s drive cycles developed from the Kansas City Emissions Study
(discussed in detail in Section 3 below). A total of 32 MOVES runs were performed.

Model Option Selection

The first step in setting up these runs was to make appropriate selections for each model
option on the submenus listed in the main MOVES interface (see Figure 2-5). It is very

9 MOVES tables of interest related to this bug include etohbin and fuelsubtypelD.
2 per multiple conversations with Sean Hillson
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important to note that model option selections for all of the submenus pictured below must be
made before entering data via the County Data Manager, or the user may experience difficulties.

Figure 2-5. MOVES Interface Example

MOVES - ID 1747966372282976524 CEx
File Edit Pre Processing Action PostProcessing Tools Settings Help

Selections were made for each of the submenus pictured, and they are described below.

. Description — A text description was entered in this field. A typical description
might consist of text like “USDOT MOVES Runs, Harris County 2006, TDM
VMT Basis”.

. Scale — A County scale, along with an Inventory calculation type, was used for all

MOVES performed for this analysis.

. Time Spans — Hourly aggregation was selected for a July weekday in 2006. All
24 hours of the day were modeled.

. Vehicles/Equipment -On Road Vehicles: Compressed natural gas (CNG),
Diesel, Electricity, and Gasoline fuel types were selected, and combined with all
available source use types, for a total of 52 fuel/source combinations. Note that
this produces warning messages for certain fuel/source combinations that are
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currently not present in the MOVES database (for example, diesel motorcycles,
gasoline combination long-haul trucks, and gasoline intercity buses, etc.).

Road Type — All five available road types were selected.

Pollutants and Processes - Carbon Monoxide, Oxides of Nitrogen, Volatile
Organic Compounds (VOCs), Non-Methane Hydrocarbons, Total Gaseous
Hydrocarbons, and Methane were all selected. The latter three pollutants are
required, as indicated by the interface during selection, for calculation of VOCs.
All process types were selected by checking the box on the far left side of the
interface for each pollutant.

Manage Input Datasets: No selection was made in this submenu.
Strategies: No selection was made in this submenu.

Output — General Output: In this submenu, it is important to create an output
database with appropriate descriptive nomenclature, particularly when many
different such databases will be residing on a single server. For this study, we
selected units of tons for mass, million BTU for energy, and miles for distance. In
the Activity section, we checked boxes for distance traveled and population, as
both are important when performing QC on outputs.

Output -Output Emissions Detail: A time period of 24-hours was selected,
along with a location of County, for ease of comparison with the daily emissions
calculated on a by-county basis in TTI’s inventory. For future detailed analysis,
we selected calculation of emissions by emissions process, both by road type and
source use type.

Advanced Performance Features: No selection was made in this submenu.

Geographic Bounds: Having fully populated all of the model options in each of
the above submenus, ERG then returned to the Geographic Bounds submenu. For
each run performed, a single county of interest was selected. We then clicked on
the Enter/Edit Data button to begin importing county-specific information into an
input database via the County Data Manager.

County Data Manager

The next step in the process is to create an input database, using appropriate descriptive
nomenclature, that will store county-specific data for the model. This database must then be
populated. We did so using the processed data described in the previous section, for each county
and VMT basis modeled. Before a MOVES run can be performed, data must be imported into
each of the tabs shown in the County Data Manager, pictured in Figure 2-6.
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Figure 2-6. County Data Manager Example

MOVES County Data Manager,

(2 Ramp Fraction | (@ Road Type Distribution | & Source Type Population | & Vehicle Type VMT | & IM Programs | Tools
RunSpec Si v | Datab | & Age Distribution @ Average Speed Distribution @ FuelSupply | @ Fuel Formulation @ MeteorologyData |
Select or create a database to hold the imported data.

Server: localhost

Datahase:| |V|| Create Database || Refresh |

Log: | Clear All Imported Data |

Database

| Done

ERG used a number of different spreadsheets to populate the County Data Manager.
These spreadsheets are listed in Table 2-10, and have been provided electronically in Appendix
A for further reference. The naming convention used here is not particularly meaningful with
respect to MOVES; any filename can be used during the import process. Because the County
Data Manager requires a number of different inputs to be properly populated, users may find it
helpful to use a table such as the one shown here for QC purposes in creating their own MOVES
input databases.
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Table 2-10. Summary of Inputs to County Data Manager

County Data
Manager Input

TTI VMT Basis Data Source

HPMS VMT Basis Data Source

[County]-vmt-converter-veh28-
20100209.xls

Ramp Fraction RoadType tab Defaults Used
TTIRoadTypeDist.xls HPMS_RoadTypeDist.xls
Road Type Distribution | [County] tab MOVES[County] tab

Source Type Population

TXDMV_Converted_Pop.xls
[County] tab

TXDMV_Converted Pop.xls
[County] tab

[County]-
[County]aadvmtcalculator.xls HPMSaadvmtcalculator.xls
HPMSVTypeYear HPMSVTypeYear tab HPMSVTypeYear tab
[County]-
[County]aadvmtcalculator.xls HPMSaadvmtcalculator.xls
monthVVMTFraction monthVVMT Fraction-calculated tab monthVVMT Fraction-calculated tab
[County]-
[County]aadvmtcalculator.xls HPMSaadvmtcalculator.xls
dayVMTFraction dayVMTFraction-calculated tab dayVMTFraction-calculated tab
[County]-vmt-converter-veh28- [County]-
20100209.xls HPMSaadvmtcalculator.xls
hourVMTFraction HourVMTFraction tab hourVVMT Fraction-default tab
Revised_IM.xls Revised IM.xls
I/M Programs [County]IM [County]IM
RegData_HGBarea.xls RegData_HGBarea.xls
Age Distribution [County] MOVES tab [County] MOVES tab

Average Speed
Distribution

DOT_TTI_Speed
[County] tab

DOT_TTI_Speed
[County] tab

Fuel Formulation

Defaults Used

Defaults Used

Fuel Supply

FuelSupply_HGBArea.xls
[County] tab

FuelSupply_HGBArea.xls
[County] tab

Meteorology Data

MetTemplate_ HGBarea.xls
[County] tab

MetTemplate HGBarea.xls
[County] tab

There are a few things to keep in mind when using the County Data Manager. First of all,
MOVES sometimes will return errors during an import of data directly from certain sheets in the
EPA VMT tool. This can be resolved by copying data from the VMT tool into a blank
spreadsheet, and then importing that sheet instead. Secondly, Fuel Formulation data should be
imported before Fuel Supply data; if not imported in that order, MOVES will return an error
regarding unknown formulations. Finally, note that after importing all four of the VMT sheets
required for the Vehicle Type VMT tab, the red X in the interface may not change to a green
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check, even when you've imported valid data. This is a known bug and is documented in the
current MOVES2010 Errata/Information Sheet?"

The above procedures describe the methodology for creating a single MOVES run — in
this case, for a particular county and VMT basis. However, as previously discussed, 32 different
MOVES runs were set up and executed for this analysis, and it would have been fairly tedious to
set up all 32 of those runs manually within the MOVES interface. Fortunately, MOVES provides
a tool to assist with import of numerous sets of county-specific data. This tool, which generates
an XML file to assist with importing, can be accessed on the Tools tab of the County Data
Manager by clicking the “Generate XML Importer File” button.

The XML generator was used to create an XML file, which was in turn used to import
data into the input database for a given county outside of the MOVES interface, at the command
line. When generating MOVES runs for multiple counties, ERG found that it is a fairly
straightforward process to run the County Data Manager for a single county, use the XML
generator tool to prepare an XML importer template, and then alter that template in a text editor
to produce importers for multiple counties. These XML files can then be called from the
command line, or in a batch file, to create multiple input databases at once. The procedure for
doing so is documented in Appendix C of the MOVES User’s Guide. ERG has provided example
XML importers generated for this analysis, as well as the batch file created to perform multiple
imports at once, in Appendix A of this document.

In addition to creating multiple input databases using the XML generator, it was also
necessary for ERG to create the 32 MOVES runspecs described earlier. We found the most
efficient way to do this was to start by creating a runspec for a given county using the MOVES
graphical interface, and save that file, which is stored by MOVES in XML format. Next, ERG
edited the XML runspec manually in a text editor for each county of interest. This is a simple
process which involved changing a few references to the county modeled, as well as input and
output database paths, within the XML runspec file. These runspec files are also included for
reference in Appendix A.

Having created model runspecs and input databases for the 32 model runs, ERG prepared
to execute each of the runs in MOVES. Figure 2-7 presents a summary of inputs necessary for
preparing county-level MOVES runs, and issues to keep in mind while doing so.

21 EPA-420-B-09-043, available at http://www.epa.gov/otag/models/moves/420b09043.pdf
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Figure 2-7. MOVES Input Preparation Quick Reference

Inputs Needed For County-Level Inventory Calculations in MOVES

Activity data in the form of TDM-based or HPMS based VMT. If possible, obtain data
disaggregated by source type and road type. Remember that activity data may require a significant
amount of pre-processing, even prior to use of EPA’s converter tools.

Ramp Fractions. Defaults may be used, but users are encouraged to calculate these based on
available VHT when possible.

EPA Converter Tools. While not strictly required, many users will find these helpful in the
process of preparing the following required inputs to the model:

o Annual VMT

. Road Type Distributions

. Month, Day and Hour VMT Fractions
. Age Distribution

. Speed Distribution

Source Type (Vehicle) Populations. These are needed for calculation of emission from vehicle
starts and evaporative processes.

I/M Program Information. This will not apply to all areas, but if it is required, program test
information, along with applicability to particular source types and model years, will be necessary.

Fuel Formulation and Supply. This includes not only physical characteristics of fuels to be
modeled, but also information on fuel market share for a given area.

Ambient Meteorological Data.

Issues to Keep in Mind During Model Input Development

Review the latest version of the MOVES Errata before beginning calculations with the model

Does the total VMT output from the VMT converter match the total input across vehicle/source
types? If not, this may indicate a problem with VMT processing.

Are you receiving any warnings from the MOVES interface during import of information to the
County Data Manager? If so, check your inputs carefully, as MOVES may still allow you to
perform calculations even when there is an error in an input file.

Using the XML Importer File Tool to generate scripts for multiple counties can be a big time saver
if you need to set up multiple MOVES runs. When using XML files to import information into
multiple County Data Manager databases, closely check the syntax of input files before execution
to avoid errors.

Double check your model options to ensure you are modeling exactly what you intend to model
with respect to time span, source type, road type, pollutants. Ensure your input and output
database are named appropriately to avoid confusion.
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3.0 Model Execution and Output Processing

Individual MOVES runs can be executed through the model’s graphical use interface
(GUI), and multiple runs can be submitted in series through the use of batch files. The execution
of MOVES runs can be accomplished using a single computer, or if a user so desires, multiple
machines working in tandem. The outputs from such model runs can be analyzed via the GUI, or
via external MySQL tools included with the installation of the model. The follow section
discusses model execution and output processing in additional detail.

3.1 Model Execution

After selections have been made for model options in MOVES, and a county input
database has been created (through either the County Data Manager or the external XML
importer script process described above), MOVES can be executed for a county scale analysis.
For an individual run, this is done simply by clicking on the Execute command under the Action
dropdown menu in the main MOVES interface.

In this case, ERG had 32 different runs to execute. We found that using the Multiple
Runspec Creator, available under the Tools dropdown menu and pictured in Figure 3-1, was very
helpful in generating batch files to allow for execution of multiple model runs, in sequence,
outside of the MOVES interface.



Figure 3-1. Multiple RunSpec Creator

MOVES - P:\DOT_MOVES\MOVES\dot_harris06_hpmsvmt.run - ID 4479336998631792964
File Edit Pre Processing Action PostProcessing Tools Settings Help

Multiple RunSpec Creator, |X|

Thi= toal creates new RunSpec files using the currently loaded infarmatian as a
template, making suhstitions for county, year, and datahase selections driven by a
user-supplied contral file. In addition, a BAT file is generated that illustrates how ta
automatically execute each created RunSpec from the command line.

Uze the "Create Template.." huttan to get started with a a control file that uses all the
counties and years in the current RunSpec.

The final BAT file, located in your output directory, can be run as is, ar can he edited
manually for distribution anto multiple MOVES master machines.

RunSpec Template Control File: Create Template...

Browse...
File Name Prefix:

RunSpec Output Directory:

-

Create RunSpecs Done

4]

Create multiple RunSpecs from a template control file

ERG edited the batch file produced by the tool to include all of the different runspecs
already prepared, following the guidance presented in section 2.3.6.1 of the MOVES User’s
Guide. We found it necessary to specify a memory heap size in the batch for execution of the
model; without it, MOVES ran out of memory during execution. This may or may not be
necessary, depending on the configuration of the computer on which MOVES is executed. A
sample batch file used for executing our TDM-based MOVES, which includes the specific

memory heap syntax execution used for our runs, is shown in Figure 3-2.
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@echo off

rem Script generated by the MOVES Multiple RunSpec Creator

rem Based on control file: P:\DOT_MOVES\MOVES\test_template.txt
rem
echo Changing to the MOVES folder and compiling code...
C:

cd "C:\Program FilessMOVES20091221"

call setenv.bat

call ant compile

rem
echo ******** Running Harris County 2006 TTI VMT Basis ********

java -Xmx300m gov.epa.otag.moves.master.commandline. MOVESCommandLine -r "P:\DOT_MOVES\MOVES\dot_harris06_ttivmt.run"
echo ******** Running Brazoria County 2006 TTI VMT Basis ********

java -Xmx300m gov.epa.otag.moves.master.commandline. MOVESCommandLine -r "P:\DOT_MOVES\MOVES\dot_brazoria06_ttivmt.run"
echo ******** Running Chambers County 2006 TTI VMT Basis ********

java -Xmx300m gov.epa.otag.moves.master.commandline. MOVESCommandLine -r "P:\DOT_MOVES\MOVES\dot_chambers06_ttivmt.run"
echo ******** Running Fort Bend County 2006 TTI VMT Basis ********

java -Xmx300m gov.epa.otag.moves.master.commandline. MOVESCommandLine -r "P:\DOT_MOVES\MOVES\dot_fortbend06_ttivmt.run"
echo ******** Running Galveston County 2006 TTI VMT Basis ********

java -Xmx300m gov.epa.otag.moves.master.commandline. MOVESCommandLine -r "P:\DOT_MOVES\MOVES\dot_galveston06_ttivmt.run"
echo ******** Running Liberty County 2006 TTI VMT Basis ********

java -Xmx300m gov.epa.otagq.moves.master.commandline. MOVESCommandLine -r "P:\DOT_MOVES\MOVES\dot_liberty06_ttivmt.run"
echo ******** Running Montgomery County 2006 TTI VMT Basis *****#*#**

java -Xmx300m gov.epa.otagq.moves.master.commandline. MOVESCommandL.ine -r
"P:\DOT_MOVES\MOVES\dot_montgomery06_ttivmt.run"

echo ******** Running Waller County 2006 TTI VMT Basis ********

java -Xmx300m gov.epa.otag.moves.master.commandline. MOVESCommandLine -r "P:\DOT_MOVES\MOVES\dot_waller06_ttivmt.run"

Figure 3-2. Sample Batch File for Execution of Multiple MOVES Runs

We found that modeling each individual county took about 30-35 minutes to execute on
our servers, using a single MOVES worker setup. Of course, modeling times will vary based on
available computing resources, whether multiple MOVES workers were used (see below), the
number and type of pollutants and emissions processes modeled, and other factors. In particular,
we have found in other MOVES studies that modeling of evaporative hydrocarbon emissions (as
opposed to modeling only exhaust emissions) can increase model execution times by an order of
magnitude or more. Model setup time was initially on the order of several hours for many of the
County Data Manager inputs described in the previous section, although with repeated model
iterations the preparation time for the inputs was significantly decreased.

One way to improve model execution times is to take advantage of MOVES
master/worker functionality, which allows users to execute their MOVES runs across multiple
computers. When used in this way, the Master computer running MOVES creates calculation
“bundles” for other computers to process in a shared network directory. The Worker computers
use their local MOVES installation to process the bundle. Multiple Worker computers can
process MOVES bundles in parallel, thus reducing the time required for model calculations.
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Users wishing to enable this functionality must have multiple machines available with MOVES
installed, be willing to make some changes to the Windows operating system on machines
running MOVES, and make appropriate edits to some MOVES configuration files. Model
execution times can be greatly decreased by implementing a master/worker MOVES run setup,
but the users should be aware of both the benefits and drawbacks when using MOVES in this
way.

To execute MOVES across multiple computers, it is first necessary to enable File and
Printer Sharing For Microsoft Networks within the operating system of the computer to be used.
When this feature is enabled, users can then select a directory located on the machine of the
Master computer, and enable file sharing for that directory with read/write access. This will
allow other Worker computers to see and process the calculation bundles prepared by the Master.
Next, configuration files should be edited on both the Master computer
(MOVESconfiguration.txt), as well as any Worker computers (Workerconfiguration.txt), to
reflect the location of the Shared Work Folder. In both files, the sharedDistributedFolderPath
should be set appropriately. For the Master, this will refer to a local folder, while for the Worker,
it will refer to a network shared folder \\MOVESMASTER in the example below). An example
of the MOVESconfiguration.txt and Workerconfiguration.txt files, with the
sharedDistributedFolderPath highlighted, is presented in Figure 3-3. Having configured MOVES
in this way, a model run on the Master computer can either be executed from either the GUI or
the command line. Once the Master has been executed, the Worker program can be executed on
other machines, which will begin processing “bundles” automatically as they become available.



Figure 3-3. Sample MOVES Configuration Files

Master Configuration

defaultServerName = localhost
defaultDatabaseName = MOVESDB20091221
outputServerName = localhost

outputDatabaseName = MOVESOutput
sharedDistributedFolderPath = C:\Program Files\MOVES20091221\SharedWork

GREETWTPApplication = C:\Program Files\MOVES20091221\GREET\GREETGUIl.exe
GREETManufactureApplication = C:\Program Files\MOVES20091221\GREET\GREETMfgStub.exe
GREETDirectory = C:\Program Files\MOVES20091221\GREET

computerIDPath =

Worker Configuration

sharedDistributedFolderPath = \\MOVESMASTER\SharedWork
workFolderPath = C:\Program Files\MOVES20091221\WorkerFolder
workerDatabaseName = MOVESWorker




Users should be aware that while a master/worker MOVES setup can be very beneficial
in terms of model run time, the system does have some limitations. First of all, only one Worker
program can be executed on a single computer at any one time. Per the MOVES User’s Guide,
“It would be detrimental to performance to operate more than one copy of the MOVES Worker
program on a single computer.” Secondly, the system does not seems to be fault tolerant — that is,
if one of the workers involved in a run fails to process a bundle for some reason (which can
occur under a number of conditions: for example, system runs out of disk space, power failure,
network disruption) the MOVES run will not complete. In this case, the run will need to be
executed again. So long as model runs are closely monitored during execution, however, this
drawback can be managed. On the whole, we believe that given appropriate computing resources,
most users will benefit from executing MOVES runs across multiple computers using the
configuration described here.

3.2  MOVES Output Processing

In reviewing outputs from MOVES, our interest was in comparing modeled CO, NOX,
and VOC emissions to those developed by TTI using MOBILES in their inventory?®®, as well as
comparing emissions produced using the default MOVES drive cycles to the cycles developed
using the Kansas City data described in Section 4. To produce outputs from the model, the user
can either generate summary reports using the MOVES GUI, or evaluate model outputs directly
using MySQL. Both approaches are discussed in additional detail below.

MOVES GUI Summary Reports

As mentioned, users can select the Produce Summary Report option, available under the
Post Processing menu in the main MOVES interface, to generate emissions summaries for each
county of interest. Using this option, users can also select output by total MOVES emissions, or
by individual emissions process (for example, crankcase running exhaust, evaporative fuel leaks,
refueling spillage loss, etc.) as shown in Figure 3-4.

22 \We originally limited our analysis to only CO, NOx, and VOC because those were the pollutants modeled in
TTI’s original MOBILES runs.



Figure 3-4. MOVES Output Emission Process Selection

MOVES - P:\DOT_MOVESYMOVES\dot_harris06_hpmsvmt.run - ID 5439739084136270867
File Edit Pre Processing Action PostProcessing Tools Settings Help

Emission Process Selection

Select Emission Process to Report

Crankcase Extended Idle Exhaust
(Crankcase Running Exhaust
Crankcase Start Exhaust
Evap Fuel Leaks

Evap Fuel Viapor Venting
Evap Permeation

Extended ldle Exhaust

L]

4]

O

IProduce Summary Report

Beyond the modeled emissions processes, the Summary Report input dialog, pictured in
Figure 3-5, allows the user to summarize model output with a number of parameters. Of
particular interest is the selection of Distance as an output, which serves as an effective check to
ensure that VMT input by the users passes through the model appropriately; incorrect pass
through of VMT, usually due to setting up model options incorrectly, can lead to very different
calculated emissions than what the user might expect. An example of the onscreen summary
output that be obtained from MOVES is presented in Figure 3-6. Summaries are easily exported
for use in Microsoft Excel or other programs using the Produce Tabbed Output option.
Additional information on preparation of Summary Reports is available in Section 2.3.5.2 of the
MOVES User’s Guide.




Figure 3-5. Summary Report Input Dialog Example

MOVES - P:\DOT_MOVESWOVES\dot_harrisQ6_ttivmt.run - ID 7372739928404569484
File Edit PreProcessing Action PostProcessing Tools Settings Help

Specify Parameters for Summary Report

Specify Report for Emission Process: Total of All
Report Title: |Summanr Repart \
Report File Name: |SummaryRepUrt \

Run Number(s) OrderiChoose Categories Data ltems

Run: 1 Time: 2010-03-24 16:58:32.0 dot_harris06_ttivmt yearlD Carbon Monoxide (CO)
monthlD Distance
dayiD Methane (CH4)
statelD Non-Methane Hydrocarbons
countylD Oxides of Nitrogen
sourceTypelD Total Gaseous Hydrocarbons|
roadTypelD Volatile Organic Compounds
MOVESRuniD

Mowve To Top of List

[_] Produce tabbed output

Estimate Report Witdth Not Calculated

‘ 0K | Cancel |

|Produce Summary Report

Figure 3-6. Summary Report Output Example

Screen Report

Header | Body Decode

Tear Day County Source co M= wac Distance
2006 543201 11 9 o 2 454709
2006 5 d48:201 21 4An3 an 45 S9504625
2006 5 d48:201 3l 270 36 16 24012115
2006 5 45z0l1 32 125 24 g 11392072
2006 5 d45z01 4l 1 3 o} 139437
2006 L 4g8z0l 4z 1 1 o} 49801
2006 L4820l 43 2 1 u] l0&550
2006 L4820l 51 o 1 u] Tiles
2006 L4820l L2 30 1a 3 Z405400
2006 548201 53 2 1 a 150492
2006 543201 L4 2 o a 49761
2006 5 d48:201 Gl 1a 6l 3 3567112
2006 5 d48:201 [ 11 a7 3 1679379
Print and Close Report

Close Report
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Processing Model Output Using MySQL

Users can also process and analyze output from MOVES outside of the model’s interface
entirely by using the MySQL Query Browser, which is included with a typical MOVES
installation. This requires some familiarity with MySQL query syntax, but has some advantages
relative to processing model output via the MOVES GUI.

To create emissions output like the examples below, users can first select the Run
MySQL Script on Output Database option (located under the Post Processing menu within the
MOVES interface) and choose to execute the DecodeMOVESOutput.sgl script23. This script
creates additional decoded MOVES emissions and activity tables in the selected output database.
Users can then write custom queries and create detailed summaries of their own using the newly
decoded tables in the MySQL Query Browser. We have provided two sample queries in Figures
3-7 and 3-8 that recreate the model outputs presented in Figure 3-6. The first script calculates
emissions for Harris County for each source type, while the second returns both VMT and
vehicle population used in the model calculations. Users are of course free to aggregrate
emissions and activity as they choose by using the GROUP BY function on the wide variety of
variables available in the output tables, using MySQL scripts that they create.

2 This script can also be executed outside of the MOVES GUI, if desired. In point of fact, running this script is not
absolutely necessary at all if a user wishes to perform calculations on the unmodified movesoutput and
movesactivityoutput tables



Figure 3-7. Sample Query and Output using MySQL Query Browser - Emissions

; MySQL Query Browser - root@localhost: 3306 f dot_harris06_hpmsvmt_out
File Edit “iew CQuery Script Tools  Window Help

y o\ |SELECT yearID, dayname, countyMame, sourcetypeID, sourcetypeMame, pollutantname, sumiemissionCuant)
") ") FROH decodedmovesoutput d

Go back Refresh  |WHERE movesrunI
pollutantIl in | 2, 3)

GROUP BY yearID, dayname, countyMame, sourcetypeID, sourcetypeName, pollutantnane
ORDER BY yearID, dayname, countyMame, pollutantname, sourcetypeID:

@

Execute »

@ Resultset 1

Schemata

0

il

achivitytype

mowezactivitpoutput

EEEEE

Moy eseror
h

decodedmovesoutput

L= dot_galvestonUB_ttivmt_out_cycld_\
b dot_hamiz06_hpmsvmt_in
* | dot_hamis06_hpmsvmt_out

decodedmovezactivitpoutput

|

vearlD | dayname countyiame sourcetypelD | sourcetypet ame pollutanthanne sumn(emizzsion...
RIS Weekdaps Harriz County 11 Motorcycle Carbon Monowide (C0O) 9.2312196020... A
2006 ‘Weekdaps Harris County 21 Pazzenger Car Carbon Monoxide (CO) 46283130243,
2006 ‘Weekdaps Harris Caunty 3 Paszenger Truck Carbon Maonowide (CO) 270393368581
2006 ‘wWeskdays Harriz Caunty 32 Light Commercial Truck Carban Monaxide (CO) 12761596395,
2006 ‘Weekdaps Harriz County 41 Intercity Bus Carbon Monowide (CO) 0.8414924031..
2006 ‘Weekdaps Harris County 42 Trangit Bus Carbon Monoxide (CO) 0.59447 79577,
2006 ‘Weekdaps Harris County 43 School Bus Carbon Monoxide [CO) 1.6890290737 ..
2006 ‘weeskdays Harriz Caunty 51 Refuse Truck Carban Monaxide (CO) 0.4795047200...
2006 ‘Weekdaps Harriz County 52 Single Urit Short-haul Truck Carbon Monowide (CO) 29732667493
2006 ‘weekdaps Harris County 53 Single Unit Long-haul Truck Carbon Monoxide (CO) 21392899077, —
2006 ‘Weekdaps Harriz County 54 Motor Home Carbon Monoxide [CO) 1.6050697109...
2006 ‘weeskdays Harriz Caunty E1  Corbination Shart-haul Truck Carban Monaxide (CO) 17 BO7ES7ES4. ..
2006 ‘weekdays Harriz County E2  Combination Long-haul Truck Carbon Monoxide [CO) 11.453345854.
2006 ‘weekdaps Harris County 11 Motorcycle Owides of Mitrogen 0.3539973290. .
2006 ‘Weekdaps Harriz County 21 Pazzenger Car Owides of Mitrogen B0. 246362355,
2006 ‘weeskdays Harriz Caunty M Paszzenger Truck Owides of Mitrogen 35514402396,
2006 ‘weekdays Harriz County 32 Light Commercial Truck Oxidez of Mitrogen 23564148619,
20068 ‘wWeekdaps Harrig County 41 Intercity Bus Ouides of Mitrogen 28291779793,
2006 ‘Weekdaps Harriz County 42 Trangit Bus Owides of Mitrogen 075712620, W
249 rows Fetched in 000735 (0,0579s) || | || | » Lact | P Search

Syntax

[ Daka Manipulation

[ Data Definition

[0 M3l Ukiliy

[ Transactional and Locking

1 1
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Figure 3-8. Sample Query and Output using MySQL Query Browser - Activity

;' MySQL Query Browser - root@localhost: 3306 / dot_harris06_hpmsvmt_out

File Edit ‘iew Query Script Tools Window Help
y . |SELECT yearID. dayname, countyhMame, sourcetypelIl, sourcetypeMame, activityType, sumiactivity! as Acti \ v
L J L i ) |FROM decodedmovesactivityoutput d U m
o back Refresh |WHERE movesrunID=3 o Exacute =
GROUP BY yearID, dayname, countyMame, sourcetypeID, sourcetypeMame, activityType
ORDER BY yearID, dayname, countyMame, sourcetypelID, activityType:
© Resultset b Schemata
vearlD  dapname countyi ame sourcetypelD | sourcetypeM ame activitpT ppe Activity -
» 2008 Harris Caunty 11 Motarcycle population 71144 b ) dot_galvestonOf_tivmi_out_cpcl
2006 Harriz County 21 Paszszenger Car population 2078300 =] dot:harrisﬂﬁ_hpr;svmt__in -
2006 Harris County 31 Paszenger Truck population 321473 * || dot_haris06_hpmsvmt_out
2006 Harriz Courmty 32 Light Commercial Truck, population 158307 b [ activitytupe
2006 Harris County 41 Intercity Bus population 513.97338046875 » decodedrmovesactivitoutput
2006 Harris County 42 Tranzit Bus population 315.01338901 3672 » 1l decodedmovesoutput
2006 Harris County 43 School Bus population 23EE » [ movesactivitpoutput
2006 Harris County 51  Refusze Truck population 129.913333168345 » [ movesenar
2008 Harris County 52 Single Unit Short-haul Truck population 7081.2938046875 L4 moveseventiog
2008 Harris County 53 Single Unit Long-haul Truck population B24 4 4 mowesoutput
2006 Harris County 54 Matar Home population £91.599975585938 b W] mowssmun
2008 Harris County B1 Combination Shothaul Tuck  population 1631.42004334531 b | movestablesused
2006 Harris County §2 Combination Lang-haul Truck.  population 778, 760009765625 gt mDVBSW_”'kB‘S“SBd
J00F ‘Weekdaps  Harris County 1 Motoropcle o — 454709 359716415 b Ll [a‘ewd'“;me
b
2006 ‘Weskdsys  Haris County 21 Passenger Car distance 59504626 8952402 > Ll rateperprofie. v
2006 “weekdays Harriz Caunty M Pazzenger Truck distance 24012118.2053223 £ >
2006 “weekdays Harris Caunty 32 Light Commercial Truck distanice 11892072, 0604855
2006 ‘weekdays Harris County 41 Intercity Bus distance 139436, 720310211 Syntax
2006 ‘weekdavs Harris County 42 Tranzit Bus distance 49600, 8582727309 Data Manipulation
2006 ‘weekdays  Haris County 43 Gchaol Bus distance 106550, 08886305 Data Definition
2006 ‘Weskdays  Haris County Bl Refuse Truck distance 77164964331 2436 MySQL Uity _
- - - - Transactional and Locking
2006 ‘weekdays Harriz County 52 Single Unit Short-haul Truck distance 2405399.95361 328
2006 ‘weekdays Harris County 53 Single Unit Long-haul Truck distance 180491 766787125
2006 ‘Weekdays Harris County 54 Motor Home distance 4970 781516552
2006 ‘Weekdays Harris County E1  Combination Short-haul Truck distance 35E7111.81680298
2006 ‘Weekdays Harris County 62 Combination Long-haul Truck distance 1673379 2587204
26 rows Fetched in 0,0072s [0.00445) M Last P Search
1: 1
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Although producing query outputs such as those shown above requires some knowledge
of MySQL query syntax, there are several advantages to analyzing the outputs of the MOVES
model in this way. First of all, the flexibility inherent in MySQL allows for users to investigate
output from the model in a more robust way, when compared to the limited options available in
the MOVES GUI Summary Reports. Appendix H of the MOVES User’s Guide presents a series
of script examples that deal with post processing of MOVES outputs in the MySQL environment.
Secondly, analysis of model outputs using the GUI cannot be performed when a MOVES model
run is in progress; use of MySQL allows users to examine model outputs while concurrently
executing other modeling. Finally, depending on the units selected in the model output options,
the Summary Reports available in GUI may not provide enough resolution for proper analysis of
data, since these reports present data in whole numbers only. The output available by processing
MySQL queries, on the other hand, contains a large number of significant figures.

Figure 3-9 presents a list of things to keep in mind while preparing to execute MOVES
runs, and process associated model outputs.
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Figure 3-9. MOVES Execution and Output Processing Quick Reference

Model Execution

. The MOVES multiple runspec generator can be used to generate batch files to allow for execution
of multiple model runs

. Be aware that modeling of evaporative hydrocarbon emissions can increase model execution times
significantly, when compared to modeling exhaust emissions only.

. Use of a master/worker MOVES setup, using multiple worker computers, can effectively reduce
model run time. However, understand that the failure of any one worker to complete its processing
will prohibit the entire run from finishing cleanly.

. Be sure that you don’t execute more than one worker program on a given machine, as this is
detrimental to model run time.

Model Output Processing

. Processing outputs using the MOVES GUI is quick and effective, but has limited options for
aggregation and disaggregation of data.

. Output summaries cannot be produced by the MOVES GUI while another run is in progress; use
of the MySQL Query Browser allows for analysis of emissions data from one model run while
execution of another run is ongoing.

. Analysis of output in the MOVES GUI can be limited by the selection of units made in model
options. The GUI presents output in whole numbers only, while output viewed via MySQL
provides many more significant figures.

. If a user is familiar with SQL syntax and query construction, he can investigate outputs from the
model in a more robust manner.

. If a user has generated outputs from multiple MOVES runs in a single database, he must be
careful to appropriately segregate his output data in MySQL by selecting the appropriate
MOVESRunID. Otherwise, he will combine emissions estimates from multiple runs. This same
type of error can occur when aggregating across time periods as well (for example, summing
emissions over both weekends and weekdays when only output from weekdays is desired). Such
an error is much less likely to occur when using the MOVES GUI to summarize outputs.
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4.0 Drive Cycle Development

One of the tasks undertaken during this project involved development of drive cycles
(also known as drive schedules) based on the Kansas City Emissions Study previously performed
by ERG for EPA. MOVES uses real world driving cycle data and the measured emissions from
associated drive cycles to model a wide range of possible driving patterns and their resultant
emissions. Specifically, MOVES uses the second-by-second speed data included in its drive
cycles to calculate the second-by-second vehicle specific power (VSP). It then uses this V'SP,
along with vehicle type and vehicle age, to weight emission rates before they are applied to the
activity data to generate emissions estimates. The resulting estimates are thus based on real
world driving.

Drive cycles in MOVES are classified by average speed, vehicle type, and roadway type.
In this section, we discuss the methodology we used to develop our own drive cycles based on
the collected Kansas City data, and the ways in which we adapted them for inclusion in the
MOVES model itself. Having derived alternate drive cycles, we created MOVES modeling runs
using those drive cycles for comparison to the modeling runs described in Section 2 above.

In the Kansas City Emissions Study, a large number of light-duty vehicles were equipped
with data loggers. The data loggers were in operation while the vehicles were driven on a
prescribed “conditioning” run (in which vehicles were driven on a set route in order to prepare
them for dynamometer testing at the Kansas City site) and also while the vehicle owners
operated the vehicles under regular driving conditions. The data loggers collected and stored
second-by-second vehicle operating information, including speed, RPM data, mass air flow, and
other data, as well as the time, and the latitude and longitude of the location of each second of
driving.

The data stored by the data loggers was used to develop drive cycles that are
representative of actual driving in Kansas City. The latitude and longitude coordinates of each
second of driving were used to designate each second of driving as having taken place in a rural
or an urban area, as well as the type of roadway (freeway, ramp, local road, etc). All of the
driving data was then divided into “micro-trips”, where each micro-trip is the driving that begins
either at vehicle-on or after an idle period, and ends either at vehicle-off or when the vehicle
returns to idle. The micro-trips were divided into bins according to road type and average speed,
and then for each road type/speed bin, a vector comparison process was used to select a small
number of micro-trips that best represented the overall pool of micro-trips for that bin. These
selected micro-trips became the driving cycle for each road type/speed combination.



Generally speaking, the development of fleet-specific driving cycles is a resource-
intensive process. There are several steps, which include:

1)

2)

3)

4)

Gathering in-use driving data for the fleet of interest. This typically includes
outfitting selected vehicles from the fleet with data-loggers that collect and store,
at a minimum, second-by-second vehicle speed. Additionally, storage of
information such as engine RPM, mass air flow, and other operational data can be
useful in the process of interpreting the driving history for the vehicle. Also, if
drive cycles are to be developed for different road types, then the location of the
vehicle at each second of driving must be collected and stored. The data that is
collected must include enough vehicles, over enough time, to develop a large pool
of second-by-second trip information that can be used to represent the general
driving characteristics of the fleet. 1f a small number of vehicles or a short-
duration study is used, there is the risk of developing a drive cycle that does not
represent the general fleet. This step requires qualified field personnel to install
the data loggers (this is critical: improperly installed data loggers result in low
quality output data), the data loggers themselves, and a pool of vehicles and
drivers. The second-by-second driving should ideally include several million
seconds of usable driving.

Interpretation and QA/QC of the driving data. Once the second-by-second
data is collected, it needs to be checked for accuracy and consistency. Among
other issues, data loggers can fail intermittently, speeds can get stuck, and random
noise sometimes enters the signal. Every data logger and dataset will have its own
issues, which need to be discovered and dealt with before the data can be relied
upon for the development of drive cycles. This typically involves the manual
examination of plots of second-by-second driving data, in addition to analysis of
statistics for each trip (for example, mean speed, number of seconds at idle,
maximum and minimum acceleration, etc.). This process can be very time
consuming, but should be done by an analyst with a good understanding of
vehicle operating characteristics, and with skill in extracting pertinent information
from a large and variable dataset.

Conversion of the driving data into a pool of micro-trips. This step prepares
the driving data for use in selecting individual micro-trips as components of a
drive cycle. It requires software that is capable of matrix manipulation (such as
SAS, Matlab, or similar), a system that can store and manipulate datasets on the
order of one or more gigabytes, and an analyst with an understanding of matrices
as well as vehicle driving characteristics.

Selection of the micro-trips that will comprise the desired driving cycle(s).
This involves comparing each individual micro-trip with the pool of all micro-
trips and choosing the micro-trips that best represent the overall pool. Similar to
step 3, this step requires software that can work with matrices, a system that can
handle the dataset size, and an analyst with an understanding of matrices.



5) Post-processing of the selected driving cycle(s). This includes checking
statistics for the final cycle, looking at plots of second-by-second speed and
acceleration to check for anomalous data, and, depending on the data logger used,
possibly smoothing out noise from the stored driving data.

Because of the level of effort required, we expect that many users will elect not to pursue
development of vehicle drive cycles specific to their area, and instead choose to use the default
drive cycles provided in the MOVES model. Nonetheless, we have documented the methodology
used for this study in the hopes that it may be of use to others in the future who wish to
undertake similar work. The remainder of the text in this section describes procedures
undertaken specifically to convert the collected Kansas City activity data into drive cycles
capable of being input into MOVES.

4.1 Preparation of Raw Data

Second-by-second driving data for light duty passenger vehicles was used for this study.
The data was collected in Kansas City between July 2004 and April 2005. On-vehicle data
loggers recorded the second-by-second driving data, while a GPS unit recorded the latitude and
longitude coordinates of the vehicle for each second. A total of 4.6 million seconds of driving
data were collected and available for use in this study. The driving data includes a number of
repeated trips on a specific vehicle conditioning route, as well as normal, everyday driving by the
vehicle owner.

The first step in processing the driving data was to use the latitude/longitude information
to determine the location of the vehicle, and therefore the type of road being driven on, for each
second of driving. The next step was to identify and attempt to correct any issues with the data
that would reduce its quality for use in building drive cycles. These steps are described below.

Assignment of Road Types

A Geographic Information System (GIS) was used to assign road types to the trip data
points. Second-by second data points had latitude and longitude coordinates which were mapped
in batches with the World Geodetic System 1984 (WGS 84). An initial quality check was done
to remove obviously erroneous data, such as (0,0) points, and trips that showed no relation to the
area’s road network.

Urban/rural designations were obtained by mapping each data point as either within or
outside of an urban area from the U.S. Census Bureau’s 2000 Urbanized Areas (UAS)
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shapefile.”* The U.S. Census Bureau delineates UAs to provide a better separation of urban and
rural territory, population, and housing in the vicinity of large places.

Road type classification was based on ESRI’s 2008 U.S. and Canada Detailed Streets
layer, which came from the 2003 Tele Atlas Dynamap Transportation version 5.2 product. This
detailed road network includes 10 unique road classes indicating various roadway types such as
highways, local roads, and so forth. Every road segment in the data set is categorized into one of
these 10 road classes (shown in Table 4-1). Spatial analysis tools in the GIS were used to identify
the road segment nearest each data point and assign the segment’s road class to the point.

Table 4-1. Road classification codes and definitions

Road Class Road Class Definition
Limited Access

Highway

Major Road

Local Road

Minor Road

Other Road

Ramp

Ferry

Pedestrian Way

A special class for high- level routing cross-country
and in complicated urban areas.

*00 Off-grid, parking lot, etc.

QOO |NOUAR(WIN|F-

However, additional revisions were required to address two primary limitations of this
automated process. First, data points located close to a cross street were sometimes classified by
the software as having the cross street’s road class when the trip as a whole clearly continued on
the primary road. These points were identified and manually assigned the correct primary road
class. Second, this approach ensured that all data points were assigned a road class, even if the
trip did not follow road segments. Points that did not closely follow the road network were
identified and assigned a separate “00” class indicating points or trip portions that were off-grid
such as points off of roads, within parking lots, or with erroneous coordinates. Figure 4-1
presents an example plot of second-by-second observations, along with classifications of nearby
roadway types.

24 http://www.census.gov/geo/wwwi/cob/ua_metadata.html



Figure 4-1. Sample Assignment of Road Types and Data Points

Road Type
Road Network Data Points
0 - Special class © 0- Special class

=1 -Limited access © 1- Limited access
=3 - Major road @® 3-Majorroad b
=4 - Local road @® 4-localroad ]

I @® 7-Ramp “ ‘%

———7-Ramp
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The road class definitions listed in Table 4-1 were next condensed to correlate to the five
road types used by MOVES. This mapping was consistent with the correlation presented in
Table 4-2.

Table 4-2. Road Classes Mapped to MOVES Road Types

Area
MOVES Road Type Road Class Classification
00 - Off Grid All
1 - Off-Network 9 -Pedestrian Way All
0 - Thru Way/Cross
Country Rural
2 - Rural Restricted Access 1 - Limited Access Rural
2 - Highway Rural
7 - Ramp Rural
3 - Major Road Rural
3 - Rural Unrestricted 4 - Local Road Rural
Access 5 - Minor Road Rural
6 - Other Road Rural
0 - Thru Way/Cross
Country Urban
4 - Urban Restricted Access | 1 - Limited Access Urban
2 - Highway Urban
7 - Ramp Urban
3 - Major Road Urban
5 - Urban Unrestricted 4 - Local Road Urban
Access 5 - Minor Road Urban
6 - Other Road Urban

Removal of Waiting Times at Test Center

Having assigned road types to the raw driving data on a second-by-second basis, the next
step in our methodology was to begin the QA/QC process for the driving data. The first issue
that was discovered was that many of the vehicle conditioning trips in the dataset included
various periods of idle, along with some sporadic low-speed driving in the parking lot. This
occurred both prior to driving of the designated test cycle, and also after the driving for the
designated test cycle was completed. These instances were identified both by their latitude and
longitude, and by their designation as being part of the “off-grid” road class, and thus were
removed from the dataset. Any disconnected fragments of driving that were left at the beginning
or the end of the trip after the removal of the parking lot periods were also removed from the
dataset. This resulted in the deletion of 475,000 seconds from the dataset. An example of the
type of data that was removed is shown in Figure 4-2. The data removed is represented by the
red line, while the data kept is shown by the black line.



Figure 4-2. Waiting Times at Test Center
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Blocks of Time with Stuck Speeds

Under normal driving conditions, it is rare for a vehicle to travel at the exact same speed
for more than a few seconds. Even while driving on the freeway, a vehicle’s speed tends to vary.
In the Kansas City dataset, some blocks of time were identified for certain vehicles in which
vehicle speed stayed constant for extended, improbable stretches. Additionally, a few blocks of
time were found where the speed decreased perfectly evenly over several minutes, by a tenth of a
mile per hour ever few seconds. Visual examination of the speed versus time history around
these stretches indicated that they were not representative of real driving, but rather a stuck
voltage or other data logger malfunction. Thus, any blocks of driving where the speed either
remained constant for more than 12 seconds, or decreased perfectly steadily, were deleted from
the dataset. Ultimately 38,000 seconds were deleted for these reasons. An example of a data
logger with a stuck speed is shown in Figure 4-3. The driving with the stuck speed is shown in
red.



Figure 4-3. Data Logger with Stuck Speed
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False Trips

In some instances, a number of very short trips were recorded that appeared to be
electronic “blips”, as opposed to actual driving. For these, the trip duration was very short, speed
increased gradually and then decreased only once (as opposed to repeated increases and
decreases in speed that are usually seen), and the peak speed was very low — always less than 20
mph, but usually much lower than that. Therefore, a total of 1,211,000 seconds comprising these
false trips were deleted. An example of this type of false trip is shown in red in Figure 4-4.



Figure 4-4. False Trips in Drive-Away Driving
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Engine Off Times

During the Kansas City study, the data loggers continued to record vehicle data even
when the vehicle was turned off. Usually, engine RPM would be useful in the determination of
whether the vehicle is at idle, or turned off; however, engine RPM was not always successfully
stored by the data loggers in this study. Mass air flow (MAF) was stored, and was considered for
use in differentiating between engine off and idle periods, but it was found that the MAF signal
was very noisy, so that even when the vehicle engine was off, the MAF signal fluctuated above
zero. Thus the vehicle’s speed was the only useful variable in determining whether the vehicle
was on or off. Any zero speed traces at the beginning of a trip, before any driving was done, and
at the end of a trip, after all driving was done, were deleted from the dataset, which accounted for
1,306,000 seconds of data. This may have resulted in the accidental deletion of some periods
where the vehicle was actually idling, rather than turned off, but this should not significantly
affect the final cycles. After all of the edits discussed above were made, the remaining dataset
contained records for 1,596,000 seconds of data.



Assignment of Trip and Micro-Trip Starts

The driving cycles were created as a set of “micro-trips” with speed and acceleration
characteristics that best matched the speed and acceleration of driving in the entire dataset. A
micro-trip is defined as a contiguous speed trace of vehicle driving, and is made up of an engine
idle, followed by all non-idle driving until the next idle begins. A single vehicle trip may be
composed of numerous micro-trips. Each separate trip in the raw Kansas City dataset was
labeled with a unique ID by the data logger, and these trip designations were not changed. The
next step in the process was to sub-divide the driving in the raw data into micro-trips before the
cycles were built. We established the beginning of a new micro-trip:

. When a new trip began; or
. If the current speed was zero and the previous second's speed was non-zero.

Whenever a new micro-trip was detected, the numeric identifier for the micro-trip was
incremented. Micro-trip numbers for the entire dataset were unique.

Binning of Continuous Variables

To use the cycle development approach discussed below in Section 4.2, all of the micro-
trips in the edited dataset needed to have all of their second-by-second observations binned in
terms of speed and acceleration. While the size of the bins is arbitrary, bins in general need to be
narrow enough to resolve important emissions effects. In addition, bins need to be sufficiently
narrow to distinguish different micro-trips for low speed/low acceleration micro-trips where
those variables do not vary over a large range. On the other hand, from a practical perspective,
the number of bins needs to be small so that the program that selects micro-trips can run in a
reasonable amount of time.

For the cycle development in this project, we used the following binning schemes to bin
the data:

o Speed — the continuous speed values in miles per hour were rounded to the
nearest 2 miles per hour. For example, 5.6 miles per hour was assigned to bin 6,
6.9 miles per hour was assigned to bin 6, and 4.9 miles per hour was assigned to
bin 4.

. Acceleration — Acceleration values in miles per hour per second were rounded to
the nearest one mile per hour per second.
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Criteria for Skipping Micro-Trips for a Cycle

Three types of micro-trips were excluded from use in the candidate cycles. First, some
micro-trips consisted of entirely idle operation. These micro-trips were not used since a
dedicated idle cycle was not needed for use in the MOVES model.

Second, any micro-trips less then 20 seconds in duration were not considered for
inclusion in the cycles. The reason for not including these is that many short micro-trips can be
produced by common, but non-representative, operation of the vehicle. One example of such
operation is when a vehicle starts moving from a standstill, but the engine dies because the clutch
is let out too quickly. We have found in this study, as well as in past studies, that micro-trips
longer than 20 seconds are adequate to describe the vehicle driving behavior of the entire dataset
taken as a whole.

The third type of micro-trip that was excluded from consideration for the cycles was any
micro-trip with only one non-zero second of driving.

Assignment of Micro-Trips to Road Type and Speed Bins

For this study, our intent was to create an array of drive cycles for driving on different
road types and at different average speeds, similar to the array of cycles that make up the defaults
drive cycles in MOVES. Initially, we proposed to developed four cycles: Rural Restricted, Rural
Unrestricted, Urban Restricted, and Urban Unrestricted, corresponding to the four on-network
road types contained in the MOVES model. However, once the dataset QA/QC process was
complete, it was clear that there was far more urban data available than rural, and that there were
not enough rural micro-trips to use as a pool from which to derive a driving cycle. Therefore, it
was decided to divide the data among only two road types: Restricted (freeways, ramps, etc.),
and Unrestricted (local roads).

Even with only two categories for the road types, it was found that the majority of micro-
trips included driving on both of the two road types. In large part, this issue was an artifact of
using latitude/longitude coordinates to determine what road that the vehicle was on. It was
common to see in the dataset stretches of driving that was almost entirely on one road, except
that every few seconds, a single record was seen with a different road name. These turned out to
be the intersections that the vehicle was driving through, because the coordinates for an
intersection are the same for either of the cross streets. Since we needed to assign each micro-
trip to a single bin, the assignments were made based on the road type that was found for the
majority of the seconds of the micro-trip. A typical mixed-type micro-trip is shown in Figure 4-
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5. Restricted (highway) driving is shown by the black line, while unrestricted-road (local)
driving is shown in red. The figure shows that the predominant driving in the micro-trip is on
the highway, with brief switches to unrestricted roads, which can only be explained by
intersections crossing the highway (either over it, or under it). Data processing for work such as
this will be greatly facilitated, and the accuracy of road-type assignments will be improved, when
software to correlate road names with GPS coordinates is developed to look at the vehicle’s
trajectory in addition to its latitude and longitude.

Figure 4-5. Highway Driving Interspersed with Unrestricted Cross Streets
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After each micro-trip was assigned to a specific MOVES road type, we then created
speed bins. Each micro-trip was assigned to one speed bin, based on the mean speed for the
micro-trip. Since an extended idle period at the beginning of a micro-trip could dramatically
reduce the mean speed for the micro-trip, all idle periods were separated from the non-idle
portion of the dataset.

The speed bins that we initially attempted to use in the binning process were designed to
match the mean speeds for the driving cycles for light duty vehicles that currently exist in
MOVES. However, Table 4-3 shows that these bins did not match the distribution of the driving
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data for Kansas City, in that the lower bins contain most of the micro-trips, while the higher-
speed bins are under populated. Therefore, a second set of speed bins was developed, with the
intent of dividing the bins such that each would contain approximately the same amount of data.
The second set of speed bins is listed in Table 4-4, and these were the speed bins that were
ultimately used. One drive cycle was developed for each of the twelve road type/mean speed bin
combinations in Table 4-4. Comparison of the two tables shows that the Kansas City drive
cycles will consist of generally lower average speeds than the MOVES drive cycles currently do.
It is possible that this discrepancy can be attributed to the use of latitude/longitude to determine
an appropriate road type. That is, some of the micro-trips with lower mean speeds that are
labeled as Restricted do not have the cruising speed characteristics and long duration that are
typically expected of freeway driving, and some of these micro-trips might actually be
misclassified Unrestricted-road driving. (In previous analyses, prior to the availability of GPS
coordinates associated with driving activity, micro-trips were assigned as restricted/unrestricted
based only the mean speed of the trip.)

The idle data that was separated from the non-idle driving data was then evaluated to
determine the average idle length for micro-trips from each of the road type/speed bin
combinations. It was found that the idle length was close to 20 seconds for all of the road
type/speed bin combinations. That amount of idle time was added back to each micro-trip for
the drive cycle.

Table 4-3. First Pass Speed Bins, Based on Default MOVES
Drive Cycle Speed Ranges

Total Seconds of

Road Type Speed Range (mph) Number of MicroTrips Driving
Restricted 00.0-22.5 933 51,516
Restricted 22.5-37.5 1868 217,178
Restricted 37.5-50.0 481 142,060
Restricted 50.0-60.0 258 222,670
Restricted 60.0-70.0 33 32,284
Restricted 70 + 1 109
Unrestricted 00.0-15.0 917 40,154
Unrestricted 15.0-25.0 2136 262,541
Unrestricted 25.0-35.0 1308 343,568
Unrestricted 35.0-47.5 164 42,206
Unrestricted 47.5-60.0 18 12,656
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Table 4-4. Final Speed Bins, Based on Uniform Distribution of Trips Across
Speed Ranges

Total Seconds of

Road Type Speed Range (mph) Number of MicroTrips Driving
Restricted 00-20 543 30,222
Restricted 20-30 1610 123,354
Restricted 30-40 857 160,872
Restricted 40-50 272 96,306
Restricted 50-60 258 222,670
Restricted 60+ 34 32,393
Unrestricted 00-15 917 40,154
Unrestricted 15-20 815 88,395
Unrestricted 20-25 1321 174,146
Unrestricted 25-28 600 165,059
Unrestricted 28-32 555 145,134
Unrestricted 32+ 335 88,237

4.2  Drive Cycle Development

Representative drive cycles can be built from raw driving data using different
methodologies. The methodology we have chosen for this study's cycle is to use pieces of real
driving, called micro-trips, derived from available second-by-second driving data, and processed
using a series of SAS programs developed by ERG.%®> When these micro-trips are connected
together, they can be expected to represent driving behavior from the area of interest. The drive
cycles we built were based on parameters of vehicle operation and usage that are known to be
closely related to exhaust emissions. By using this approach of matching vehicle operation
between measured driving behavior and the candidate cycle, it can be inferred that the emissions
behavior of vehicles over the cycle will be similar to the emissions behavior of vehicles on the
road.

In the creation of these driving cycles, we have chosen vehicle speed and acceleration as
the variables that are important to exhaust emissions. These variables together provide a
measure of the load on the engine, which is an important variable associated with exhaust
emissions. In this study, we are building a cycle only for warmed up operation of light duty
vehicles. That is, we are not building special cycles for cold starts and warm starts®. We
assume that all data in the datasets represent warmed-up driving.

% The methodology used in this study was previously developed in ERG’s Roadway-Specific Driving Schedules for
Heavy-Duty Vehicles, prepared for EPA in August 2003.

% Drive cycles were only developed for warmed up operations because MOVES exhaust emissions are based on
warmed up operations. Emissions associated with vehicle starts are calculated in MOVES using a methodology that
is not connected with drive cycles.
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General Methodology

A strategy based on minimizing the difference between a cycle vector C representing the
driving in the candidate cycle and a target vector T representing the driving in the activity
database for the case was used to select micro-trips from the database for inclusion in the cycle.
As micro-trips are used to build-up a candidate cycle, the difference between the two vectors
tends to become smaller and smaller. The build-up process ends when the cycle developer
decides that the two vectors are substantially the same and the duration of the cycle that has been
built up is acceptable. The multi-dimensional space that these vectors are in will be described
shortly, but first let us consider how the build-up process works for developing a cycle.

The goal of building the cycle is to select micro-trips such that when their vectors M; are
added together, the vector C of the resulting cycle is as similar as possible to the target vector T
of the activity database. Figure 4-6 shows the hypothetical situation of the vectors after two
micro-trips have been used to create a cycle. In this hypothetical example, the first micro-trip
was selected from the activity database for the case as the one whose vector M1 was closest to
the target vector T for the database. Then, a second micro-trip is searched for such that when its
vector M, is added to M; to create the resultant vector C shown in Figure 3-1, the distance
between the tips of C and T is minimized. This distance is the length of the vector T-C as
denoted in the figure by the dashed vector. As micro-trips are added to create the built-up cycle
represented by C, the length of T-C is calculated after each additional micro-trip is added to the
cycle to follow the progress of the build-up process. It should be noted that the order of the
micro-trips in the final cycle is unimportant from the point of view of the selection of the micro-
trips. The reason for this is that the resultant C is independent of the order in which the micro-
trip vectors M; are added together.
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Figure 4-6. Vector Description of Comparing Target and Cycle Activity

M,

It should also be noted that we are forcing micro-trips to be added to the candidate cycle.
This is done even if the addition of the best incremental micro-trip causes the length of T-C to
increase in some instances. Generally, as the cycle is built up there will be a decrease in the
length of T-C. After several micro-trips have been added, the length of T-C may increase
slightly. Later, with the addition of more micro-trips, a "discovery” will be made that will
produce a relatively abrupt decrease in the length of T-C so that the accumulated cycle will be
substantially better than the cycle was much earlier in the build-up process.

All of the vectors used above to describe the build-up process are based on
representations of the frequency distributions of observations in cumulative speed, acceleration,
vehicle specific power space. This statement requires some explanation. A segment of driving,
whether it is a micro-trip, a piece of a driving cycle, or the entire activity database, can be
described as a frequency distribution. The distribution consists of combinations of two variables:
speed and acceleration. The continuous values for these variables were converted into frequency
distributions through the use of bins. Each observation in the database was placed in a particular
speed/acceleration bin. The cumulative frequency distribution is made up of the number of
observations that fall "below" the current bin for each of the two-binned variables. The binning
criteria for the two variables is described above in Section 4.1. To help the reader understand the
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process, we will present a numerical example in one dimension and another example in two
dimensions to demonstrate how the comparison of the vectors T and C works.

Suppose we wanted to compare a candidate cycle with the database using a single vehicle
operation variable that was monitored second-by-second in the collection of data for the activity
database. The single variable might be engine load. In this hypothetical example, we have
35,900 one-second observations of engine load in the target activity database and 68 one-second
observations in the cycle. The first step in comparing T and C is to bin the observations of load
in the target data and in the cycle data. Table 4-5 shows the binning of the hypothetical data in
Columns 2 and 3. Note that the target counts in Column 2 are much larger than the cycle counts
in Column 3. This is a consequence of the activity database containing all of the observations for
all micro-trips, while the cycle has just one micro-trip. The counts in Columns 2 and 3 were
converted to cumulative counts in Columns 4 and 5. This is done to provide proximity
information for the micro-trip searching algorithm. In other words, we wanted the algorithm to
be able to select a micro-trip even if the observations for a given micro-trip were not in exactly
the same bins as the target, but did have observations at least in a nearby bin. The use of the
cumulative distributions helps ensure that proximity information is available.

Table 4-5. Comparison of Cycle and Target Vectors
for a Hypothetical One-Dimensional Example

Vector
Counts Cumulative Counts | (Normalized Cumulative Counts) Vector Length
Bin| Target |Cycle| Target Cycle Target Cycle T CcC |T-C
1 1000 0 1000 0 0.028 0.000 1.246]1.266|0.138
2 11000 | 30 12000 30 0.334 0.441
3 7000 | 10 19000 40 0.529 0.588
4 6000 7 25000 47 0.696 0.691
5 4500 5 29500 52 0.822 0.765
6 2800 1 32300 53 0.900 0.779
7 1500 4 33800 57 0.942 0.838
8 800 6 34600 63 0.964 0.926
9 600 1 35200 64 0.981 0.941
10 | 700 4 35900 68 1.000 1.000

A comparison of the cumulative counts for the target and cycle information in Columns 4
and 5 shows that if we used these counts to create the T and C vectors, the lengths of the vectors
would be greatly different simply because the target vector, which is made up of the 10 elements
in Column 4, would be a much longer vector then the cycle vector, which is made up of the 10
elements in Column 5. Accordingly, we normalize the target and cycle cumulative counts in 4
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and 5 to produce the target vector elements and the cycle vector elements as the fractional values
between 0 and 1 shown in Columns 6 and 7.

The values in Columns 6 and 7 become the elements of the T and C vectors, which are in
10-dimensional space. A visualization of the elements of these vectors is provided in Figure 4-7.
This figure shows the normalized cumulative counts of the target and cycle from Columns 6 and
7 as a function of the bin number. What we want to do in developing the cycle is select micro-
trips so that the curve for the cycle is as close as possible to the curve for the target in this figure.
The way we do this is to minimize the sums of the squares of the differences between the value
for the corresponding elements of the target and cycle vectors. This corresponds to the square of
the length of T-C. Table 3-1 shows the calculated length of T, C, and T-C. These lengths can
be determined from the values of the elements for T and C in Columns 6 and 7 using the
standard relationship for determining the length of a vector if its elements are known.

Figure 4-7. Visual Comparison of Vector Elements

—e— Target
—— Cycle

Normalized Cumulative Counts

Bin

Extension of the one-dimensional example shown in Table 4-5 and Figure 4-7 to multiple
dimensions is demonstrated by the spreadsheet calculations shown in Table 4-6. In this example,
100 matrix elements are used. The table shows 10 rows which might be accelerations and 10
columns which might be speeds. The left side of Table 3-2 shows the calculations for the target
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matrix and the right side shows the calculations for the cycle matrix. In Tables a) and b), the
second-by-second observations of the target and cycle data are binned. The numbers in each bin
represent the frequency of observations that meet the criteria for those bins. In Tables ¢) and d),
the counts in the Tables a) and b) are accumulated across each row. Then, in Tables €) and f),
the accumulated frequencies in Tables c) and d) are accumulated down each column. This
produces a field of frequencies on a cumulative basis that run from a low value in the upper left
corner of each matrix to a high number in the lower right corner of each matrix. The value in the
lower right hand corner of Tables €) and f) is equal to the total number of observations in the
target or cycle matrix. These total observation numbers in the lower right hand corner of ) and
f) are used to normalize all of the frequencies in Tables e) and f) to arrive at the normalized
cumulative matrices in g) and h). The values in g) and h) are then used to calculate the square of
the differences in each corresponding matrix element to produce the values in Table i). The
value in Table j) is just the summation of all of the elements of Table i) and represents the square
of the length of the T-C vector. This is the value that we attempt to minimize when selecting
micro-trips for the cycle.

Note that the counts in a) and b) did not need to be in corresponding bins for this
comparison process to work. The use of cumulative distributions permitted the two matrices to
be compared successfully.

Extension of the technique to the third dimension for vehicle specific power or any
number of higher dimensions could be made by analogy.
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Table 4-6. Comparison of Cycle and Target Matrices for a Hypothetical Two-
Dimensional Example

Target Activity Matrix Cycle Activity Matrix
a) Count the second-by-second observations in each bin. b) Count the second-by-second observations in each bin.
A B C D E F G H | J A B C D E F G H | J
2
1 1
2 5 4
5 3 2 1 4 3 1
5 9 1 2 9 3 4 1
2 4 1 8 2
3
6 1 1
1 1 5
c) Accumulate the above frequencies across each row d) Accumulate the above frequencies across each row
2 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0
0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
0 2 2 7 7 7 7 7 7 7 0 0 0 4 4 4 4 4 4 4
0 0 5 5 8 8 10 11 11 11 0 4 4 4 4 7 7 8 8 8
0 5 5 14 15 15 15 17 26 29 0 0 0 0 0 0 0 4 5 5
0 0 2 2 2 6 7 7 7 7 0 0 0 8 8 8 8 8 8 10
0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3
0 0 6 6 6 7 7 7 7 7 0 0 0 0 0 0 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 6 6 6 6 6 6 6 6 6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
e) Accumulate the above frequencies down each column. f) Accumulate the above frequencies down each column.
2 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0
2 3 3 3 3 3 3 3 3 3 0 1 1 1 1 1 1 1 1 1
2 5 5 10 10 10 10 10 10 10 0 1 1 5 5 5 5 5 5 5
2 5 10 15 18 18 20 21 21 21 0 5 5 9 9 12 12 13 13 13
2 10 15 29 33 33 35 38 47 50 0 5 5 9 9 12 12 17 18 18
2 10 17 31 35 39 42 45 54 57 0 5 5 17 17 20 20 25 26 28
2 10 17 31 35 39 42 45 54 57 0 5 5 17 20 23 23 28 29 31
2 10 23 37 41 46 49 52 61 64 0 5 5 17 20 23 24 29 30 32
2 11 24 38 42 47 50 53 62 65 1 11 11 23 26 29 30 35 36 38
2 11 24 38 42 47 50 53 62 65 1 11 11 23 26 29 30 35 36 38
g) Normalize the elements in the above matrix. h) Normalize the elements in the above matrix.
0.031]0.031]0.031]0.031]0.031]|0.031[0.031] 0.031]0.031| 0.031 0.000 | 0.000] 0.000] 0.000] 0.000| 0.000] 0.000] 0.000 0.000] 0.000
0.031]0.046]0.046] 0.046| 0.046] 0.046[ 0.046| 0.046| 0.046| 0.046 0.000 | 0.026 0.026 | 0.026{ 0.026] 0.026] 0.026] 0.026 | 0.026| 0.026
0.031]0.077]0.077] 0.154| 0.154] 0.154] 0.154] 0.154] 0.154] 0.154 0.000 ] 0.026] 0.026) 0.132] 0.132] 0.132] 0.132] 0.132] 0.132] 0.132
0.031]0.077] 0.154[0.231] 0.277] 0.277[ 0.308] 0.323] 0.323 0.323 0.0000.132]0.132) 0.237] 0.237] 0.316] 0.316] 0.342| 0.342] 0.342
0.031] 0.154] 0.231] 0.446] 0.508] 0.508] 0.538] 0.585] 0.723] 0.769 0.000] 0.132] 0.132) 0.237] 0.237] 0.316] 0.316] 0.447]| 0.474] 0.474
0.031{0.154] 0.262] 0.477[ 0.538] 0.600| 0.646| 0.692| 0.831) 0.877 0.000]0.132[0.132] 0.447] 0.447 0.526 0.526] 0.658| 0.684 0.737
0.031] 0.154] 0.262{ 0.477] 0.538] 0.600| 0.646] 0.692| 0.831| 0.877 0.000]0.132) 0.132] 0.447] 0.526 0.605f 0.605] 0.737] 0.763] 0.816
0.031] 0.154] 0.354] 0.569] 0.631] 0.708] 0.754] 0.800] 0.938] 0.985 0.000 { 0.132{ 0.132| 0.447| 0.526 0.605| 0.632| 0.763| 0.789] 0.842
0.031[0.169] 0.369] 0.585 0.646] 0.723] 0.769] 0.815] 0.954) 1.000 0.026 ] 0.289( 0.289] 0.605| 0.684| 0.763| 0.789] 0.921| 0.947 1.000
0.031]0.169] 0.369] 0.585] 0.646] 0.723] 0.769] 0.815] 0.954| 1.000 0.026 1 0.289]0.289] 0.605] 0.684]0.763] 0.789] 0.921] 0.947| 1.000
i) Calculate the squares of the differences in corresponding elements of the above two matrices.
A B C D E F G H | J
1]0.001]0.001]0.001|0.001]0.001]0.001] 0.001 | 0.001]0.001]0.001
2] 0.001]0.000] 0.000( 0.000|0.000| 0.000] 0.000 | 0.000| 0.000) 0.000
3] 0.001]0.003] 0.003] 0.000] 0.000]0.000f 0.000 | 0.000] 0.000| 0.000
4] 0.001] 0.003] 0.000] 0.000| 0.002| 0.002| 0.000 | 0.000] 0.000 0.000
5/ 0.001]0.000] 0.010] 0.044] 0.073]0.037f 0.050 | 0.019] 0.062] 0.087
6] 0.001]0.000]0.017{0.001]0.008] 0.005| 0.014 | 0.001|0.021) 0.020
7] 0.001]0.000]0.017]0.0010.0000.000| 0.002 | 0.002| 0.005] 0.004
8] 0.001]0.000] 0.049] 0.015] 0.011]0.010{ 0.015]0.001] 0.022] 0.020
9] 0.000]0.014] 0.006 | 0.000| 0.001) 0.002| 0.000 | 0.011|0.000) 0.000
10]0.0000.014] 0.006] 0.000( 0.0010.002| 0.000 | 0.011] 0.000| 0.000

j) Sum the squares of the differences.
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4.3 Development of the Twelve Drive Cycles for Inclusion in MOVES

The dataset containing all of the second-by-second driving activity for the Kansas City
vehicles was edited and prepared as described in Section 4.1, resulting in a set of micro-trips
distributed into twelve bins according to mean speed and dominant road type. The approach
described in Section 4.2 was then used to select the micro-trips that would comprise a drive cycle
for each of the twelve bins. The micro-trip speed and acceleration information was used to find
those micro-trips which, when concatenated, best described the driving activity for each bin. For
each bin, ERG’s SAS-based cycle development program converted each micro-trip into a
speed/acceleration vector and the entire set of micro-trips for that bin into the speed/acceleration
target vector T. The program then found the micro-trip whose sum of the squares difference
between the cumulative normalized elements of the micro-trip with the corresponding elements
of the target was the smallest. This corresponded to finding the micro-trip such that the T-C
vector was the smallest. This became the first micro-trip in the cycle, for that bin. Then, the
program looked through all remaining micro-trips from the bin to find the best second micro-trip
such that when it was added to the first micro-trip the new vector T-C had a minimum length.
This process may be repeated until the developer wants to stop searching. In this study, we
stopped searching after 25 micro-trips were added to a cycle.

Finally, a 20-second idle period was added to the beginning of each micro-trip,
representing the mean idle time that was found for micro-trips from each road type/ speed bin
combination.

Plots of the square of the length of the T-C vector as micro-trips were added to the cycle
for each bin are presented in Appendix B in Figures B-1a through B-1l. These are the sum of the
squared differences between the cycle vector C and the target vector T. The left vertical axis of
each figure shows that the square of the length of the T-C vector drops continuously as
additional micro-trips are added to the cycle (red line). The right vertical axis of each figure
shows the cumulative duration of the cycle as additional micro-trips are added to the cycle
(dashed black line). What these figures reveal is that none of the cycles really need all 25 micro-
trips to adequately represent the driving for the bin. For each of the twelve cycles, little
additional benefit was achieved by adding micro-trips after about the 15th trip; the sum of the
squared differences between the vectors did not continue to decrease after that point.
Additionally, the use of 25 micro-trips tended to make the final cycle much longer than the
cycles of 1000 seconds or so that are currently used in MOVES. This was especially true for the
higher-speed bins, whose micro-trips tended to be much longer than the micro-trips for the
lower-speed bins. Therefore, we elected to use only the first 15 micro-trips for each of the cycles,
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with the exception of the two highest speed cycles. These are the Restricted 50-60 cycle, for
which only the first five micro-trips would be used, and the Restricted 60+ cycle, for which only
the first seven micro-trips would be used. These two cycles contain micro-trips that are very
long, but the figures show slight minimums in the values of the sum of the squared differences,
at the fifth and the seventh micro-trip, respectively.

Speed versus Time Traces for Candidate Cycles

After the micro-trips for the twelve cycles were selected, several evaluations of the cycles
were made, including comparisons of the cycle to the target dataset. First, we examined a speed
versus time plot of the micro-trips that make up each cycle, shown in Appendix B in Figures B-
2a through B-2l. The small circles on the plot indicate the beginning of each micro-trip. These
candidate cycle plots were used to examine the overall appearance of the cycle and to show the
duration of the cycle. These figures show that the micro-trips for the different road types and
speed bins clearly represent different types of driving.

Comparison of Statistics for Cycle and Target

We also made comparisons of the chosen cycles to the corresponding target datasets. In
particular, we wished to confirm that the speed and acceleration characteristics of the two were
similar. We first examined scatter plots of acceleration versus speed for the candidate cycle and
for the target dataset. Rather than show all 24 plots here, only a sample are shown in Appendix
B in Figures B-3a through B-3d: a comparison of speed versus acceleration for the cycle and the
target for the Restricted 50-60 MPH bin, and for the Unrestricted 25-28 MPH bin. All of the
data points for the cycle are shown on the two cycle plots, but due to the large size of the target
databases, only a random subset of the target data is shown on either of the two target plots.
Comparison of Figures B-3a and B-3b shows that the Cycle and the Target contain a very similar
speed versus acceleration profile, with the highest density of data between speeds of 60 and 70
MPH and accelerations between -2 to 2 MPH/S, somewhat lighter concentration between 30 and
40 MPH. However, while the target database contains quite a few observations with speeds near
80 MPH, there are fewer of these high speeds in the cycle. For Figures B-3c and B-3d, the cycle
and the target again look similar. Here the densest area of points is at about 30 MPH, and again,
we see more observations at the highest speeds (above 45 MPH) in the target than in the cycle. It
appears that a few trips in the target bins contain outliers: short amounts of especially high speed
(for that bin) driving. Because they are few in number, they do not comprise the majority of the
driving for the bin, and do not get selected for inclusion in the cycle. This was observed for most
of the 12 bins, and has been seen in ERG’s previous cycle building projects as well.
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The frequency distributions of speeds found in the new cycles and the corresponding
target databases are shown in Figures B-4a through B-4d. Again, this is only a sample, for the
Restricted 50-60 MPH bin and the Unrestricted 25-28 MPH bin. From these figures we see once
more that while the speed distributions for the cycles and the targets are similar, the target does
contain a few slightly higher speeds than the cycle.

A number of statistics were calculated so that the characteristics of the cycles could be
compared to the characteristics of the respective target datasets. These statistics are listed in
Table 4-7. It is important to remember when comparing any of these statistics that the micro-
trips in the each cycle were selected only because their non-idle speed and acceleration
characteristics match those of the target. Any other statistics that are calculated and compared
were not the basis, or at least not the direct basis, for choosing the micro-trips for the cycles.

Table 4-7 shows that the average second-by-second speeds of the selected cycle and
target database are similar, although the cycle speeds are slightly lower than those in the target
dataset. This corresponds to what was observed in Figures B-3 and B-4 in Appendix B: there are
a few especially high speeds in each target bin that are not representative of the target bin as a
whole, and thus were not selected for inclusion in the cycles. They do, however, raise the mean
speed of the target slightly above that of the cycle. Finally, Table-4-7 shows that the square of
the length of T-C was very low for each of the cycles. This indicates a good fit of the driving
conditions (speed and acceleration) in the selected cycle, compared to the target database.
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Table 4-7. Comparison of Dataset and Cycle Operation Characteristics

Target Cycle
Average Average Average Average Average Average

Speed Micro-Trip | Micro-Trip Speed Micro-Trip Micro-Trip Total Total Micro- Final

(mph) Time (s) Distance (mph) Time (s) Distance Time Distance Trips Square of

(miles) (miles) (s) (miles) (count) L. of T-C
Rest. 0-20 16 56 0.25 12 75 0.26 1127 3.91 15 0.012
Rest. 20-30 26 77 0.55 20 87 0.49 1300 7.38 15 0.013
Rest. 30-40 35 188 1.85 32 189 1.70 2842 25.45 15 0.013
Rest. 40-50 45 354 4.43 42 320 3.77 4801 56.54 15 0.015
Rest. 50-60 55 863 13.12 54 834 12.43 4170 62.15 5 0.022
Rest. 60+ 63 953 16.57 61 713 12.05 4989 84.37 7 0.054
Unrst. 0-15 9 44 0.11 6 62 0.11 924 1.66 15 0.028
Unrst. 15-20 18 108 0.55 15 94 0.38 1405 5.76 15 0.013
Unrst. 20-25 23 132 0.83 19 109 0.57 1634 8.60 15 0.011
Unrst. 25-28 27 275 2.03 24 181 1.20 2713 18.00 15 0.011
Unrst. 28-32 30 262 2.15 27 186 1.38 2783 20.72 15 0.01
Unrst. 32+ 39 263 2.86 35 190 1.85 2845 27.73 15 0.037

4-24




MOVES Modeling of Kansas City Drive Cycles

Drive cycles within the MOVES database are stored in three tables of interest:
driveschedule, drivescheduleassoc, and driveschedulesecond. Per discussions with EPA staff?’, it
was necessary to completely replace the existing MOVES light duty drive cycles, in order to
avoid potential interpolation issues during model calculations. This was done by removing
selected light duty drive cycles from the default database, and importing the new drive cycle data
described above using completely new driveschedulelDs.

First, using the default driveschedule table as a basis, we eliminated all existing light duty
drive cycles with the exception of driveschedulelDs 101 and 199. In this case, the former was
intended to simulate very low speeds (average 2.5 mph), and the latter was intended to simulate
activity on ramps. Both instances were such that we did not feel they could be accurately
simulated with the Kansas City drive cycles we developed dataset, so they were left intact. The
driveschedule table was then populated with the proper data.

Similarly, the default drivescheduleassoc and driveschedulesecond tables were cleansed
of existing light duty cycles, and new information was imported. In the case of
drivescheduleassoc, Restricted cycles were associated with MOVES roadtypelDs 2 and 4, while
Unrestricted cycles were associated with MOVES roadtypelDs 3 and 5. Associations were made
for MOVES sourcetypelDs 11, 21, 31, and 32, which correspond to motorcycles, passenger cars,
passenger trucks, and light commercial trucks, respectively. These associations are consistent
with the default drive cycles removed from the MOVES database. In the case of
driveschedulesecond, new data was added for each cycle on a second-by-second basis, using
speeds calculated during the development process described above.

Having populated updated tables containing new Kansas City study-based cycles for light
duty vehicles, it was necessary to then replace each of the existing MOVES default drive cycle
tables and perform additional modeling. Before doing so, ERG used the MySQL Administrator
program, which is typically included with during a normal MOVES installation, to make a SQL
backup of the existing three tables of interest. This is important for two reasons: first, to have a
backup of the affected tables in case there is an error during the import of the new drive cycles
tables; and secondly, to be able to easily switch back to the default MOVES drive cycles for
future modeling. Users should be aware that alteration of drive cycle tables in this way will

%" Note that we are not aware of any formal guidance from EPA on replacement of drive cycles in the model. We
consulted directly David Brzezinski and Sean Hillson at EPA during this stage of our study.
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affect all future modeling runs done on an individual computer system, so it’s crucial to backup
the default drive cycles in such a way that they can be easily restored.?®

Loading of the updated drive cycle tables was done with a simple SQL script, in which
the existing default tables were truncated, and the new tables were imported in the form of .tab-
delimited text files. Having successfully loaded the new tables, a backup was made again, using
MySQL administrator, for ease of switching between drive cycle sets. Finally, the TDM-based
and HPMS-based MOVES runs described in Sections 2 and 3 were re-created and re-run using
the updated drive cycles to provide additional model outputs for further analysis. Comparisons of
model outputs are discussed in Sections 5 and 6 below.

For reference, all of the MOVES database tables and SQL scripts described in this
section are provided as electronic files in Appendix A.

% Note that the most current version of MOVES at this writing, MOVES2010a, allows users to alter the drive cycle
tables discussed in this section via the County Data Manager GUI, rendering obsolete the procedure described here
for importing alternate drive cycles into MOVES.

4-26



5.0 Model Outputs

MOVES outputs from the model runs performed during this study are summarized in this
section. These include the TDM-based and HPMS-based model runs originally performed for
each of the eight counties in the Houston-Galveston non-attainment area, as well as the model
runs conducted for the same region and VMT bases using the alternate Kansas City drive cycles
described above in Section 4. These outputs are described in additional detail below.

5.1 Comparison of MOVES Outputs to MOBILE-6 Based Inventory

First, ERG compared the two sets of MOVES runs conducted using the default drive
cycles to the original TTI MOBILES based inventory®, which was previously described in detail
in Section 2.0. Table 5-1 presents ERG’s modeled TDM-based and HPMS-based MOVES model
outputs, along with TTI’s MOBILES6 inventory emissions in tons, by county, for a Non-School
ozone season weekday. Table 5-2 presents the percent difference between both sets of MOVES
runs and the original TTI inventory. Note that according to these tables, MOVES is calculating
significantly higher NOx emissions across the board, regardless of the VMT basis used for
model inputs. There is a wider variance in emissions for CO and VOC; counties with relatively
few VMT return a decrease in CO and VOC, while counties with more VMT are associated with
a significant increase in CO and VOC. The largest county (in terms of both VMT and
population), Harris county, demonstrates much higher emissions of all three pollutants of interest
relative to the MOBILEG inventory.

Note that generally, as shown in Table 5-1, the HPMS VMT being modeled is somewhat
higher (for most counties) relative to the modeled MOBILEG inventory, which in turn leads to
higher emissions relative to that same inventory. We conclude here that it’s very important,
regardless of the VMT basis chosen for calculation, for users to be sure that their activity data is
representative, since the model outputs are highly sensitive to it.

29 Al references to the MOBILE6-based TTI inventory in this section are based on TTI’s Production of MOVES
On-Road Mobile, Link-Based Emissions Estimates and Document Preparation Technical Note, submitted to TCEQ
in July 2010, in which TTI assessed the 2005 and 2006 years using both MOVES and MOBILES. This is the most
recently available document from TTI that discusses summaries of their MOBILEG6 —based inventory for 2005 and
2006. This document was produced subsequent to TT1’s 2005/2006 On-Road Mobile Source, Ozone Episode
Modeling Emission Inventories for the HGB Eight-Hour Nonattainment Area, which was the source of the data we
based this analysis upon originally.



Table 5-1. Summary of VMT and Tons of Emissions, by County, Non-school Ozone Season Weekday

ERG MOVES, TDM-based VMT ERG MOVES, HPMS-based VMT TT1 MOBILESG Inventory
County VMT VOC Co NOx VMT VOC Co NOx VMT VOC CO NOx
Brazoria 5,708,326 4.233 46.032 11.457 5,810,915 4.427 47.051 12.852 5,728,510 3.659 47.044 8.704
Chambers 2,508,488 0.950 17.900 4.638 2,565,380 1.043 21.123 5.389 2,519,042 1.815 29.611 5.072
Fort Bend 7,948,707 5.493 61.357 15.746 8,382,481 5.834 64.235 18.171 7,994,337 4.662 62.013 11.965
Galveston 5,816,257 4.117 48.031 11.762 5,941,357 4.218 51.160 13.253 5,850,101 3.89 47.37 8.696
Harris 96,544,278 78.159 870.197 | 204.910 | 104,118,424 81.555 936.121 | 241.000 97,155,857 | 66.433 792.438 | 147.484
Liberty 2,524,022 1.539 20.206 5.223 2,369,354 1.532 19.093 5.334 2,529,328 2.291 29.303 4.502
Montgomery 10,096,087 6.379 76.684 20.107 10,079,347 6.510 77.152 21.582 10,141,862 6.173 82.879 16.415
Waller 1,946,771 1.490 19.040 4.188 1,880,278 1.526 19.375 4.433 1,949,623 1.785 24.601 3.901
TOTAL 133,092,936 | 102.359 | 1159.447 | 278.032 | 141,147,536 | 106.645 | 1235.310 | 322.014 | 133,868,660 | 90.708 | 1115.259 | 206.739

Table 5-2. Percent Difference between MOVES and MOBILEG6 Inventory Results

% Difference, TDM VMT basis, % Difference, HPMS VMT basis,
relative to MOBILEG relative to MOBILEG

County VMT VOC CO NOXx VMT VOC CO NOXx
Brazoria -0.4% | 15.7% -2.2% 31.6% 1.4% 21.0% 0.0% | 47.7%
Chambers 0.4% | -47.7% -39.6% -8.6% 1.8% -42.5% -28.7% 6.3%
Fort Bend -0.6% | 17.8% -1.1% 31.6% 4.9% 25.1% 3.6% 51.9%
Galveston -0.6% 5.8% 1.4% 35.3% 1.6% 8.4% 8.0% 52.4%
Harris -0.6% | 17.7% 9.8% 38.9% 7.2% 22.8% 18.1% 63.4%
Liberty 0.2% | -32.8% -31.0% 16.0% | -6.3% -33.1% -34.8% 18.5%
Montgomery | -0.5% 3.3% -7.5% 225% | -0.6% 5.5% -6.9% 31.5%
Waller -0.1% | -16.5% -22.6% 74% | -3.6% -14.5% -21.2% 13.6%
TOTAL -0.6% | 12.8% 40% | 345% | 5.4% 17.6% 10.8% | 55.8%
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Tables 5-3 and 5-4 present emissions and VMT split by light-duty and heavy duty vehicle
classification. Consistent with summaries found in TT1’s July 2010 Technical Note, vehicle
classes in the MOBILEG summaries are defined as follows:

o Light duty vehicles include those classified as LDGV, LDGT1, LDGT2, LDGTS3,
LDGT4, LDDV, LDDT12, MC, and LDDT34.

o Heavy duty vehicles include all other classes.

Similarly, TTI defined light- and heavy-duty vehicles in MOVES output summaries as
follows:

. Light duty vehicles include the source types Motorcycles, Passenger Cars,
Passenger Trucks, and Light commercial Trucks.

. Heavy duty vehicles include all MOVES source type.

For consistency we have duplicated this classification scheme in the following tables.
The reader will immediately note in Table 5-4 the large discrepancy in VMT when comparing
heavy duty VMT modeled in MOVES to the heavy duty VMT originally modeled by TTI in
MOBILESG. For example, the HD VMT modeled under the TDM-based VMT scenario is
between 35 and 40 percent less than that modeled in MOBILES. This is a result of attempting to
directly compare emissions aggregated under MOBILESG vehicle types (which classify vehicles
on a GVWR weight basis) versus emissions aggregated under MOVES source types (which
classify vehicles based on their expected mode of operation). In particular, vehicle types
HDDV2B through HDDVS5 inclusive (along with their gasoline counterparts), considered heavy-
duty in MOBILEG6, map to MOVES source types 31 (passenger trucks) and 32 (light commercial
trucks). These are considered “light-duty” under the TTI classification. Because of this, it is
difficult to draw conclusions about emissions when differentiating by vehicle classification, but
we include the tables below for reference.
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Table 5-3. Summary of VMT and Tons of Emissions, by County and Vehicle

Classification, Non-school Ozone Season Weekday

ERG MOVES, TDM-based VMT

VMT VOC CO NOXx
Heavy Light Heavy Light Heavy Light Heavy
County Light Duty Duty Duty Duty Duty Duty Duty Duty
Brazoria 5,384,087 324,239 3.873 0.360 43.806 2.226 6.511 4.945
Chambers 2,368,948 139,540 0.836 0.113 17.175 0.725 2.636 2.002
Fort Bend 7,486,363 462,344 4.929 0.563 57.827 3.530 8.396 7.349
Galveston 5,490,933 325,324 3.725 0.392 45,727 2.304 6.566 5.196
Harris 91,292,024 | 5,252,254 71.501 6.658 828.843 41353 | 117.144 87.766
Liberty 2,379,054 144,968 1.394 0.145 19.192 1.014 3.119 2.104
Montgomery 9,487,457 608,630 5.720 0.659 72.649 4.035 10.620 9.487
Waller 1,834,222 112,549 1.393 0.096 18.427 0.614 2.593 1.596
TOTAL 125,723,088 | 7,369,848 93.373 8.986 | 1103.645 55.802 | 157.586 | 120.446
ERG MOVES, HPMS-based VMT
VMT VOC CO NOx
Heavy Light Heavy Light Heavy Light Heavy
County Light Duty Duty Duty Duty Duty Duty Duty Duty
Brazoria 5,350,307 460,608 3.922 0.505 43.709 3.342 6.399 6.453
Chambers 2,361,987 203,393 0.881 0.162 19.870 1.253 2.749 2.640
Fort Bend 7,718,045 664,436 5.048 0.786 58.974 5.261 8.483 9.689
Galveston 5,470,464 470,893 3.692 0.525 47.672 3.488 6.474 6.779
Harris 95,863,528 | 8,254,896 72.015 9.540 870.072 66.049 | 119.679 | 121.321
Liberty 2,181,503 187,851 1.347 0.185 17.744 1.349 2.860 2.474
Montgomery 9,280,219 799,128 5.682 0.828 71.543 5.609 10.299 11.283
Waller 1,731,203 149,075 1.397 0.129 18.457 0.918 2.521 1.912
TOTAL 129,957,256 | 11,190,280 93.986 12.659 | 1148.040 87.270 | 159.462 | 162.552
TTI1 MOBILEG Inventory
VMT VOC CO NOXx
Heavy Light Heavy Light Heavy Light Heavy
County Light Duty Duty Duty Duty Duty Duty Duty Duty
Brazoria 5,188,114 540,396 3.424 0.235 45.400 1.644 3.726 4.978
Chambers 2,302,383 216,659 1.735 0.080 28.854 0.757 2.050 3.022
Fort Bend 7,227,617 766,720 4.303 0.359 59.541 2.472 4.859 7.106
Galveston 5,310,752 539,349 3.633 0.257 45.601 1.770 3.713 4.984
Harris 88,607,611 | 8,548,246 62.147 4.285 762.826 29.612 64.143 83.341
Liberty 2,289,017 240,311 2.194 0.096 28.581 0.722 2.228 2.275
Montgomery 9,135,188 | 1,006,674 5.734 0.439 79.721 3.157 6.491 9.924
Waller 1,769,669 179,955 1.718 0.069 24.013 0.589 1.752 2.149
TOTAL 121,830,351 | 12,038,310 84.888 5.820 | 1074.537 40.723 88.962 | 117.779
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Table 5-4. Percent Difference between MOVES and MOBILEG Inventory Results,
by Vehicle Classification

% Difference, TDM VMT basis, relative to MOBILEG6

VMT VOC CO NOXx
Heavy Light Heavy Light Heavy Light Heavy

County Light Duty Duty Duty Duty Duty Duty Duty Duty

Brazoria 3.8% -40.0% 13.1% 53.1% -3.5% 35.4% 74.8% -0.7%
Chambers 2.9% -35.6% -51.8% 41.6% -40.5% -4.2% 28.6% -33.7%
Fort Bend 3.6% -39.7% 14.6% 56.9% -2.9% 42.8% 72.8% 3.4%
Galveston 3.4% -39.7% 2.5% 52.5% 0.3% 30.2% 76.8% 4.3%
Harris 3.0% -38.6% 15.1% 55.4% 8.7% 39.7% 82.6% 5.3%
Liberty 3.9% -39.7% -36.5% 51.3% -32.9% 40.5% 40.0% -7.5%
Montgomery 3.9% -39.5% -0.2% 50.0% -8.9% 27.8% 63.6% -4.4%
Waller 3.6% -37.5% -18.9% 39.8% -23.3% 4.2% 48.0% -25.7%
TOTAL 3.2% -38.8% 10.0% 54.4% 2.7% 37.0% 77.1% 2.3%

% Difference, HPMS VMT basis, relative to MOBILEG6
VMT VOC CO NOx
Heavy Light Heavy Light Heavy Light Heavy

County Light Duty Duty Duty Duty Duty Duty Duty Duty

Brazoria 3.1% -14.8% 14.6% | 114.8% -3.7% | 103.3% 71.7% 29.6%
Chambers 2.6% -6.1% -49.2% | 102.2% -31.1% 65.6% 34.1% -12.6%
Fort Bend 6.8% -13.3% 17.3% | 118.9% -1.0% | 112.8% 74.6% 36.3%
Galveston 3.0% -12.7% 1.6% | 104.4% 4.5% 97.1% 74.4% 36.0%
Harris 8.2% -3.4% 15.9% | 122.6% 14.1% | 123.0% 86.6% 45.6%
Liberty -4.7% -21.8% -38.6% 92.3% -37.9% 86.8% 28.3% 8.8%
Montgomery 1.6% -20.6% -0.9% 88.7% -10.3% 77.7% 58.7% 13.7%
Waller -2.2% -17.2% -18.7% 86.5% -23.1% 55.9% 43.9% -11.0%
TOTAL 6.7% -7.0% 10.7% | 117.5% 6.8% | 114.3% 79.2% 38.0%
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Tables 5-5 and 5-6 present emissions and VMT split by on-network and off-network
process classification. Processes associated with running exhaust and evaporative emissions were
classified as on-network, while off-network processes included emissions due to vehicle starts
and extended idling. This classification is consistent with that proposed in TTI’s July 2010
Technical Note.



Table 5-5. Summary of VMT and Tons of Emissions, by County and Emissions
Process Classification, Non-school Ozone Season Weekday

ERG MOVES, TDM-based VMT

VMT VOC CO NOXx
Off- On- Off- On- Off- On- Off-
County On-Network | Network Network | Network | Network | Network | Network | Network
Brazoria 5,708,326 0 2.655 1.578 33.711 12.321 9.896 1.561
Chambers 2,508,488 0 0.776 0.173 16.787 1.112 4471 0.167
Fort Bend 7,948,707 0 3.465 2.027 45,518 15.839 13.631 2.114
Galveston 5,816,257 0 2.747 1.370 37.998 10.033 10.371 1.391
Harris 96,544,278 0 51.308 26.850 672.636 | 197.561 | 177.997 26.914
Liberty 2,524,022 0 1.153 0.386 17.275 2.931 4.858 0.364
Montgomery 10,096,087 0 4.254 2.125 59.757 16.927 17.963 2.144
Waller 1,946,771 0 0.945 0.544 14.301 4.740 3.720 0.469
TOTAL 133,092,936 0 67.304 35.055 897.982 | 261.464 | 242.907 35.124
ERG MOVES, HPMS-based VMT
VMT VOC CO NOx
Off- On- Off- On- Off- On- Off-
County On-Network | Network Network | Network | Network | Network | Network | Network
Brazoria 5,810,915 0 2.825 1.602 34.699 12.351 11.231 1.621
Chambers 2,565,380 0 0.863 0.180 20.005 1.118 5.211 0.179
Fort Bend 8,382,481 0 3.765 2.068 48.346 15.889 15.958 2.213
Galveston 5,941,357 0 2.829 1.389 41.105 10.056 11.818 1.435
Harris 104,118,424 0 54.261 27.294 738.071 | 198.050 | 213.114 27.886
Liberty 2,369,354 0 1.143 0.389 16.157 2.936 4.959 0.375
Montgomery 10,079,347 0 4.367 2.144 60.201 16.951 19.389 2.193
Waller 1,880,278 0 0.979 0.547 14.631 4.744 3.956 0.477
TOTAL 141,147,536 0 71.032 35.613 973.216 | 262.094 | 285.635 36.379
TT1 MOBILEG Inventory
VMT VOC CO NOXx
Off- On- Off- On- Off- On- Off-
County On-Network | Network Network | Network | Network | Network | Network | Network
Brazoria 5,728,510 0 1.540 2.119 35.645 11.399 8.074 0.630
Chambers 2,519,042 0 0.680 1.135 23.798 5.813 4.752 0.320
Fort Bend 7,994,337 0 2.105 2.557 47.126 14.887 11.194 0.771
Galveston 5,850,101 0 1.705 2.185 35.768 11.602 8.077 0.619
Harris 97,155,857 0 29.493 36.940 601.275 | 191.163 | 136.906 10.578
Liberty 2,529,328 0 0.883 1.408 22.528 6.775 4.128 0.374
Montgomery 10,141,862 0 2.615 3.558 62.455 20.424 15.355 1.060
Waller 1,949,623 0 0.637 1.148 19.379 5.222 3.613 0.288
TOTAL 133,868,660 0 39.658 51.050 847.974 | 267.285 | 192.099 14.640
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Table 5-6. Percent Difference between MOVES and MOBILEG Inventory Results,
by Emissions Process Classification

% Difference, TDM VMT basis, relative to MOBILEG6

VMT VOC CO NOXx
Off- On- Off- On- Off- On- Off-
County On-Network | Network Network | Network | Network | Network | Network | Network
Brazoria -0.4% 0.0% 72.4% -25.5% -5.4% 8.1% 22.6% 147.7%
Chambers -0.4% 0.0% 14.1% -84.7% -29.5% -80.9% -5.9% -47.8%
Fort Bend -0.6% 0.0% 64.6% -20.7% -3.4% 6.4% 21.8% 174.2%
Galveston -0.6% 0.0% 61.1% -37.3% 6.2% -13.5% 28.4% 124.7%
Harris -0.6% 0.0% 74.0% -27.3% 11.9% 3.3% 30.0% 154.4%
Liberty -0.2% 0.0% 30.6% -72.6% -23.3% -56.7% 17.7% -2.6%
Montgomery -0.5% 0.0% 62.7% -40.3% -4.3% -17.1% 17.0% 102.2%
Waller -0.1% 0.0% 48.4% -52.6% -26.2% -9.2% 2.9% 62.8%
TOTAL -0.6% 0.0% 69.7% -31.3% 5.9% -2.2% 26.4% 139.9%
% Difference, HPMS VMT basis, relative to MOBILE6
VMT VOC CcO NOXx
Off- On- Off- On- Off- On- Off-
County On-Network | Network Network | Network | Network | Network | Network | Network
Brazoria 1.4% 0.0% 83.4% -24.4% -2.7% 8.4% 39.1% 157.4%
Chambers 1.8% 0.0% 27.0% -84.2% -15.9% -80.8% 9.7% -44.2%
Fort Bend 4.9% 0.0% 78.9% -19.1% 2.6% 6.7% 42.6% 187.0%
Galveston 1.6% 0.0% 65.9% -36.4% 14.9% -13.3% 46.3% 131.9%
Harris 7.2% 0.0% 84.0% -26.1% 22.8% 3.6% 55.7% 163.6%
Liberty -6.3% 0.0% 29.4% -72.4% -28.3% -56.7% 20.1% 0.2%
Montgomery -0.6% 0.0% 67.0% -39.8% -3.6% -17.0% 26.3% 106.9%
Waller -3.6% 0.0% 53.7% -52.3% -24.5% -9.2% 9.5% 65.7%
TOTAL 5.4% 0.0% 79.1% -30.2% 14.8% -1.9% 48.7% 148.5%
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Complete summaries of emissions and VMT output by county for each model run
performed, by VMT-basis (TDM or HPMS), drive cycle (default or Kansas City derived),
vehicle classification (light- or heavy-duty), emissions process, and process classification (on- or
off-network) are presented in Appendix C. Raw model outputs are also available in Appendix A.

5.2 Comparison of MOVES Default Drive Cycle Output to Alternate Drive Cycle
Outputs

In performing comparisons of the modeling performed using MOVES default drive
cycles to the modeling conducted using the Kansas City drive cycles developed by ERG, we
limited our summaries to only those source types affected by the drive cycle changes. These
included motorcycles, passenger cars, passenger trucks, and light commercial trucks (source
types IDs 11, 21, 31, and 32, respectively).

Table 5-7 presents a comparison of modeled light duty emissions for the combined 8-
county Houston-Galveston area. Note that the Kansas City drive cycles produce slightly lower
emissions for both VMT bases, in the range of approximately 1-3%. This difference is dominated
by emissions from Harris county; in Appendix D, it can be seen that percent differences range
from 1-17% on a by-county basis, with emissions from counties with fewer VMT showing the
widest variance. It can also be seen that VOC tends to vary less than the other two pollutants
modeled.

Table 5-7. Comparison of Eight County Light Duty Emissions for Both Drive
Cycles and VMT Bases (Overall tons)

Default Cycle KC Cycle % Difference
VMT Basis Co NOx | vVOC Co NOx | VOC CO NOXx VOC
HPMS 1148.04 | 159.46 | 93.99 | 1129.63 | 157.46 | 92.83 | -1.60% | -1.25% | -1.23%
TDM 1103.64 | 157.59 | 93.37 | 1073.96 | 153.37 | 91.97 | -2.69% | -2.67% | -1.50%

Table 5-8 presents a comparison of combined light duty emissions by MOVES source
type. The largest differences between the modeled drive cycles are seen in motorcycles, which
are a relatively small portion of the light-duty fleet. Overall differences across source types and
counties range from approximately +1% to -3%. As before, these emissions are dominated by
results from Harris county, and other more rural counties exhibit wider variance in emissions
between modeled drive cycles, as shown Appendix D.



Table 5-8. Comparison of Eight County Light Duty Emissions for Both Drive
Cycles and VMT Bases (Tons, by Source Type)

Default Cycle KC Cycle % Difference
VMT
Basis Source CO NOx | VOC CO NOx | VOC CO NOXx VOC
Motorcycles 12.62 0.49 2.66 11.74 0.45 263 | -6.97% | -9.07% | -1.26%
Passenger Cars 597.44 | 7859 | 57.21 | 590.05| 77.23 | 56.69 | -1.24% | -1.73% | -0.90%
HPMS | Passenger Trucks 364.98 | 48.49 | 22.60 | 358.27 | 47.79 | 2219 | -1.84% | -1.45% | -1.81%
Light Commercial
Trucks 173.00 | 3190 | 1152 | 169.56 | 32.00 | 11.32 | -1.99% 0.33% | -1.73%
Motorcycles 2.75 0.11 1.70 2.56 0.10 170 | -6.92% | -8.91% | -0.44%
Passenger Cars 588.28 | 78.81 | 5755 | 57552 | 76.43 | 56.91 | -2.17% | -3.02% | -1.11%
TDM Passenger Trucks 346.57 | 47.11| 2256 | 33532 | 45.64 | 22.04 | -3.25% | -3.13% | -2.27%
Light Commercial
Trucks 166.04 | 3155 | 1156 | 160.56 | 31.20 | 11.32 | -3.30% | -1.11% | -2.09%

Table 5-9 presents combined light-duty emissions by MOVES road type. Variations in
this table are fairly pronounced. Although there is virtually no change in off-network emissions
(which is expected, as no drive cycles for that road type was modified), the Kansas City
restricted road types (freeways) have approximately 3-8% higher emissions, while unrestricted
road types (local roads) have emissions that are about 5-15% lower. These differences are
independent from the rural/urban distinction, which is expected, since as described above we did
not have enough microtrips in the Kansas City Data to make that distinction in the development
of our final drive cycles. The variation also seems to be independent of VMT calculation basis.

Table 5-9. Comparison of Eight County Light Duty Emissions for Both Drive
Cycles and VMT Bases (Tons, by Road Type)

Default Cycle KC Cycle % Difference
VMT
Basis Road Type CcO NOx | VOC CO NOx | VOC CO NOx VOC
Off-Network 254.27 | 29.35 | 52.59 | 254.27 | 29.35 | 52.53 0.00% 0.00% | -0.13%
Rural Restricted 36.66 | 480 | 1.18| 3741 | 481 | 117 2.04% 0.32% | -0.13%
HPMS | Rural Unrestricted 99.23 | 1650 | 5.29 | 84.53 | 14.18 | 4.92 | -14.82% | -14.06% | -7.06%
Urban Restricted 378.54 | 48.43 | 12.93 | 406.51 | 52.47 | 13.28 7.39% 8.32% | 2.67%
Urban Unrestricted | 379.33 | 60.39 | 22.00 | 346.90 | 56.66 | 20.94 | -8.55% | -6.17% | -4.81%
Off-Network 254.27 | 29.35 | 52.53 | 254.27 | 29.35 | 52.46 0.00% 0.00% | -0.15%
Rural Restricted 197.29 | 25.91 | 6.67 | 209.24 | 27.48 | 6.80 6.06% 6.06% | 1.95%
TDM | Rural Unrestricted 404.17 | 66.26 | 22.81 | 364.38 | 60.38 | 21.59 | -9.85% | -8.87% | -5.34%
Urban Restricted 121.79 | 1548 | 4.15| 131.25 | 16.95 | 4.27 7.77% 9.46% | 2.95%
Urban Unrestricted | 126.13 | 20.58 | 7.22 | 114.82 | 19.21 | 6.86 | -8.97% | -6.67% | -4.99%

Table 5-10 presents combined light duty emissions by MOVES emission process ID. For
CO and NOx, the only difference between modeled drive cycles is attributable to running
exhaust and crankcase running exhaust, and is on the order of about 1-4% less, depending on
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VMT basis. There is no difference at all in start emissions. For VOC, there is also no difference
in start emissions, and further, no difference in evaporative emissions either. This is expected,
since start emissions and evaporative emissions are both off-network processes, and as such,
should be unaffected by changes to on-network drive cycles. However, there is larger variance
in both exhaust and refueling emissions, approximately 4-6% less, depending on the VMT basis
modeled.

Table 5-10. Comparison of Eight County Light Duty Emissions for Both Drive
Cycles and VMT Bases (Tons, by Emission Process ID)

Default Cycle KC Cycle % Difference
VMT
Basis Process ID CoO NOx | VOC Co NOx | VOC CoO NOXx VOC
Running Exh 893.63 | 130.10 | 29.42 | 875.22 | 128.11 | 28.35 | -2.06% | -1.54% -3.65%
Start Exh 254.24 | 29.35| 31.09 | 254.24 | 29.35 | 31.09 | 0.00% | 0.00% 0.00%
Evap Permeation 8.04 8.04 0.00%
Evap Fuel Vent 19.83 19.83 0.00%
HPMS | Evap Fuel Leak 3.55 3.55 0.00%
Crank Run Exh 0.14 0.01| 0.39 0.13 001| 0.37] -142% | 2.87% -3.59%
Crank Start Exh 0.03 0.00| 041 0.03 0.00| 0.41 ] 0.00% | 0.00% 0.00%
Refuel Disp Vap 0.52 0.49 -5.39%
Refuel Spillage 0.73 0.69 -5.42%
Running Exh 849.24 | 128.23 | 28.73 | 819.56 | 124.01 | 27.42 | -3.50% | -3.29% -4.56%
Start Exh 254.24 | 29.35| 31.09 | 254.24 | 29.35 | 31.09 | 0.00% | 0.00% 0.00%
Evap Permeation 8.04 8.04 0.00%
Evap Fuel Vent 19.90 19.90 0.00%
TDM Evap Fuel Leak 3.59 3.59 0.00%
Crank Run Exh 0.13 0.01| 0.39 0.13 0.01| 0.37 | -2.30% | 1.55% -4.46%
Crank Start Exh 0.03 0.00| 041 0.03 0.00| 041 ] 0.00% | 0.00% 0.00%
Refuel Disp Vap 0.51 0.47 -6.25%
Refuel Spillage 0.72 0.67 -6.21%

The information presented in Tables 7 through 10 above is also available on a by-county
basis in Appendix D. As shown in these tables, the effects of implementing the drive cycles
developed by ERG in MOVES varied considerably depending on which county was being
modeled. The drive cycles we developed were based on largely urban driving data as discussed
in Section 4, and applying these drive cycles to more rural counties in the Houston-Galveston
area (as exhibited by fewer VMT driven in those counties) produced emissions that may not be
representative. On the other hand, emissions from Harris County, the most urban of the counties
modeled (with the corresponding largest daily VMT modeled), did not vary much at all. We
believe that any alternate drive cycles developed and used in MOVES should closely match the
type of driving activity for the area being modeled for emissions to be considered representative.
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6.0 Conclusions

Although the technical analyses ERG performed during the course of this work are
sometimes specific to the Houston and Kansas City metropolitan areas, we believe that the
broadest benefit of this study will be in applying lessons learned in transitioning from traditional
MOBILEG6 modeling and inventory planning inputs to using MOVES effectively. With that in
mind, we have included in this report not only analysis of model inputs and outputs, but also
documentation of the process of running MOVES, example model runs that users can execute on
their own computer systems, inventories they can compare their results against, and analysis of
the ramifications of transitioning to the new MOVES system.

In the section that follows, we present important issues dealt with during the course of
this project, with an emphasis on how users can deal with these issues themselves. We also
discuss the study questions originally proposed in the project Work Plan.

6.1 Important Transition Issues

In order to effectively transition from use of MOBILEG6 to MOVES in developing
regional emissions analyses, users must not only understand how to use MOVES to develop
inventories, but also keep in mind several issues arising from characterization of data that is
input to both models. We list some of these significant concerns below.

Proper VMT Derivation and Inputs

Because VMT is perhaps the single most important variable in calculation of emissions, it
is crucial to understand both the process of converting VMT into a format usable by MOVES,
and the pros and cons of using various VMT bases. In this study, ERG explored the usage of two
separate VMT types. The first was based on VMT derived from a travel demand model (TDM),
and the second on VMT summarized in Highway Performance Monitoring System (HPMS)
format. Users may have sources of VMT available to them in other formats as well, which may
require the development of spreadsheets or other software tools in order to process the VMT for
use in modeling.

Difficulties and Sensitivity to Emissions

Running exhaust emissions and evaporative hydrocarbon emissions calculated in
MOVES are directly proportional to the VMT input to the model. In addition to translation of
raw VMT from MOBILEG6 to MOVES format, users must also be careful to properly allocate



VMT across various speed, age, and road type profiles to ensure that calculated emissions are
truly representative.

In the case of VMT formats used in this study, the travel model-based VMT process
generally provides a more detailed VMT basis, but it also requires a greater degree of data
manipulation and processing on the part of the user. Use of HPMS-based VMT, meanwhile,
requires less upfront data processing, but does require a separate MOVES model run, as
described in Section 2.1, to arrive at a default source type distribution required for use in EPA’s
VMT converter tool. The use of HPMS based VMT also necessitates the independent
development of road type distributions appropriate to the modeled area of interest.

Further, the VMT converter tools provided by EPA, while effective in calculating inputs
for the MOVES model, are prone to potential user error due to their complexity. Such user errors,
if unchecked, can cascade throughout the created model inputs files.

Solution

To ensure that VMT is appropriately developed for input to MOVES, we recommend that
users take advantage, to the extent possible, of any existing MOBILESG files (such as age
distributions, speed distributions, VMT by hour, and so forth) during VMT pre-processing. Any
software developed by users to process VMT and its associated distributions should be
extensively quality checked to ensure that VMT transformations are being applied correctly.

Users should also make themselves familiar with the wide variety of converter tools that
EPA has developed and made available. Our methodology for using these tools on both the TDM
and HPMS VMT basis is discussed above in Section 2.2.

Vehicle / Source Type Characterization

The MOVES model has been built from the ground up to utilize emission factors in units
of grams per hour of operation. This is a distinct difference from the grams per mile basis used in
MOBILES®. In addition, the MOVES model produces emission estimates for emissions processes
that could not be accurately produced by the MOBILE6 model, such as extended idling
emissions. In the development of MOVES, EPA transitioned away from the standard MOBILE6
vehicle classes (based on gross vehicle weight rating, or GVWR) and instead characterizes
vehicles by source type based on their expected mode of operation. However, the emission
factors contained within the model are still primarily aggregated on a vehicle class/weight basis.



This requires the MOVES model to map the source types to vehicle classes internally in what is
called the Source Bin Generator.

Difficulties and Sensitivity to Emissions

This change in calculation basis presents challenges to users on a number of fronts. The
first is proper conversion of VMT and associated distributions. Fortunately, EPA has provided
tools and documentation to assist users in transition from MOBILEG vehicle types to MOVES
source types for total VMT, speed distribution, age distribution, and vehicle populations. The
second challenge this transition presents to users comes in the form of development of
appropriate I/M program inputs. This is discussed in further detail in the next subsection.

The third challenge manifests itself in comparison of model outputs between MOBILEG
and MOVES. In particular, vehicle types HDDV2B through HDDVS5 inclusive (along with their
gasoline counterparts), considered heavy-duty in MOBILEG, map to MOVES source types 31
(passenger trucks) and 32 (light commercial trucks) in EPA’s converter tools and associated
guidance. These source types are often considered “light-duty” when analyzing aggregated
MOVES outputs. Because of this, difficulties arise when attempting to directly compare
MOBILES® outputs by vehicle type with MOVES outputs by source type.

An example of such a difficulty in presented in Section 5.2, where a first glance at VMT
output from the models indicates a disparity between light-duty and heavy duty vehicle activity.
This disparity turns out to be a result of the vehicle classification scheme, and not necessarily
indicative of any calculation errors in the model.

Solution

Because the vehicle/source type characterization issue is present on a number of fronts
when transitioning from MOBILEG6 to MOVES, users will do well to keep it in mind at all points
of the process: in preparing and converting model inputs, in model execution, and in comparison
and analysis of model outputs. Proper use of EPA’s provided converter tools, as well as the
methodology for model inputs development presented in EPA’s Technical Guidance, will be
helpful in developing VMT by source type.

Inspection/Maintenance Program Inputs

If users elect to model areas affected by local Inspection and Maintenance (I/M)
programs, they need to take care to ensure that not only is the I/M representative of the area
being modeled, but also that inputs are formatted properly, and conversions from MOBILE6
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vehicle to MOVES source types, as alluded to above, are applied in the correct manner (if
appropriate).

Difficulties and Sensitivity to Emissions

I/M program information input to the model will reduce calculated model emissions by
varying degrees, depending on the type of program implemented, model year coverage, and other
factors. If users elect to utilize MOVES I/M defaults for the area of interest, they should first be
aware that not all such defaults are accurate, or even present at all, in the model. At the very least,
users should carefully examine the defaults and make changes to the I/M program as appropriate.

Secondly, as mentioned above, one of the challenges of applying I/M programs in
MOVES is that MOBILESG vehicle types do not map precisely with MOVES source types. In
particular, MOVES source types 31 and 32 can encompass MOBILEG source types LDGT1 all
the way up to HDGVS5. As stated in Section 3.10.6 of the Technical Guidance, “Inspection and
Maintenance (I/M) programs entered in MOVES can only be applied to source types. However,
as discussed in section 3.10.2, this association of I/M programs and source type may be
inconsistent with state I/M program regulations that define I/M programs by the vehicle weight
classes. MOVES source types are composed of several vehicle weight classes and, therefore,
applying I/M benefits to the entire MOVES source type may be inappropriate.” Users should be
aware that they may run into similar difficulties when trying to apply existing I/M programs
information across source types in MOVES.

Solution

When making changes to an existing I/M program, users need to be aware that this is a
tricky process in which errors can easily be introduced. In particular, it is critical to change the
uselMyn field to N for existing records in the IM table, and alter the IMProgramID field for any
new or updated records. ERG’s methodology for preparation of I/M inputs was discussed
previously in Section 2.3.

With respect to proper application of I/M programs across MOVES source types, EPA
recommends in section 3.10.6 of the Technical Guidance the calculation of a compliance factor
based not only on compliance rate and waiver rate (which both provided in MOBILES® inputs),
but also on regulatory class coverage. Calculating the regulatory class coverage is now fairly
straightforward, as the information in Table A.3 of the April 2010 Technical Guidance Appendix
(Gasoline I/M Regulatory Coverage Adjustments) provides the proper conversion factors, along
with example calculations.



Vehicle Population Data Selection

There are a couple of methods for obtaining vehicle population data for input to MOVES,
which is used in calculation of vehicle start and extended idle emission components in the model.
We ultimately used by-county registration data provided by the Texas Department of
Transportation, but if such data is not available, users can go through the process of developing
populations surrogates based on VMT, as described in detail in section 2.3 of this report, as well
as the EPA Technical Guidance.

Difficulties and Sensitivity to Emissions

Vehicle start emissions and extended idle emissions calculated in MOVES are directly
proportional to the vehicle population input to the model. Although usage of registration data to
develop population is suggested by EPA in the Technical Guidance, users should understand that
the vehicles registered in a county for a given point in time do not necessarily correspond to the
VMT driven over that same period in the county. Using the counties we modeled as an example,
commuters living in Fort Bend county may drive a significant portion of their vehicle miles in
Harris county. In this case, using registration data as a population surrogate may lead to
overestimation of start and evaporative emissions in Fort Bend county, while underestimating
those same emissions in Harris County.

Solution

While a better alternative for determining representative source populations does not
currently exist, this is an important issue for users to be aware of. Ultimately, users must be
confident that whatever population data they choose to input to the model is accurate.

MOVES Bugs and Errata

For this study, ERG used the first non-draft version of the MOVES model
(MOVES2010) released by EPA in late December 2009. The EPA has released subsequent
versions of the model since that time, and will continue to update and improve the model going
forward into the future. However, in the course of their modeling efforts, users may, like we did,
discover discrepancies in model outputs that only be explained by problems in MOVES.

While using MOVES2010, ERG found two bugs in model calculations during the course
of this study, both mentioned previously in Section 2.3. One of these bugs was related to fuel
type IDs and associated oxygenate volume percentages. The other bug we found has been
documented in the latest version of the MOVES Errata, and involved user creation of new fuel
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formulation IDs for input to MOVES. When a user creates and imports new fuel formulation IDs,
MOVES does not currently “zero out” the market share of existing fuel formulation IDs.

Difficulties and Sensitivity to Emissions

It is difficult to speculate on how general calculation errors in the model might effect
emissions output. In fact, some bugs that users come across may not have an effect on emissions
at all, but rather relate to user interface difficulties, Java execution errors, or other issues. In our
case, the first bug we found (related to fuel type 1Ds) led to underestimation of VOC emissions,
underestimating them by approximately an order of magnitude® The second bug we encountered,
involving user creation of fuel formulation IDs, led to a pollutant overestimation of
approximately two to four times in model calculations.

Solution

Careful examination of outputs in each case led us to contact EPA staff, who provided us
with temporary workarounds for each bug while adjustments were made to the model itself.
Other potential issues are explained in the currently available version of the MOVES Errata®.
Users should carefully examine these Errata before performing a MOVES analysis, and be ready
to report to EPA any potential issues identified in their own outputs for correction in future
versions of the model.

6.2 Study Questions

In this section we attempt to answer the questions originally proposed in the Work Plan
submitted at the beginning of this study. These questions included the following:

What is the best approach for creating an emissions inventory with MOVES based on
activity data obtained from a travel demand model (TDM)?

We believe the best approach for developing a MOVES emissions inventory using TDM
activity data, as described in detail in Sections 2 and 3, involves a number of steps. First,
methodical preparation of TDM VMT data, consistent with EPA’s Technical Guidance, must be
undertaken, in which VMT, VHT, and associate activity distributions are derived with an eye on
inputs to EPA’s multiple Converter Tools. Second, these Converter Tools must be properly
utilized to arrive at inputs that can directly input into the MOVES County Data Importer itself.

%0 MOVES tables of interest related to this bug include etohbin and fuelsubtypelD.
1 MOVES 2010 Errata/Information Sheet, May 2010, EPA-420-B-10-026. Available at
http://www.epa.gov/otag/models/moves/index.htm



Third, analysis and processing of other MOVES inputs, including vehicle populations, I/M
program data, fuel characterization, and meteorological data should be appropriately developed.
Fourth, execution of MOVES with appropriate model options is required. Fifth, care must be
taken in processing of model output, whether using the MOVES GUI or external SQL queries, to
ensure emissions summaries are representative. Finally, at all stages of the modeling process,
effective QC and QA procedures should be developed to minimize errors and ensure accurate
production of model outputs.

What is the best approach for creating an emissions inventory with MOVES based on
activity data obtained from the Highway Performance Monitoring System (HPMS)?

The best approach for developing a MOVES emission inventory based on HPMS activity
data is fairly similar to that described above for a TDM activity basis. It differs in that the HPMS
VMT data requires a different type of pre-processing prior to integration with EPA’s Converter
Tools; all other modeling steps are the same. Effective pre-processing of HPMS data involves
application of default MOVES source type distribution to the data, as described above in Section
2.1. It also necessitates the development of road type distributions outside of the EPA Converter
Tools.

What will be the likely impacts on an emission inventory from developing and
implementing different drive cycles derived from real world testing data within MOVES?

In this study, the effects of implementing drive cycles in MOVES, based on real world
testing data collected in Kansas City, varied considerably depending on which county was being
modeled. The drive cycles we developed were based on largely urban driving data as discussed
in Section 4, and applying these drive cycles to more rural counties in the Houston-Galveston
area (as exhibited by fewer VMT driven in those counties) produced emissions that may not be
representative. On the other hand, emissions from Harris County, the most urban of the counties
modeled (with the corresponding largest daily VMT modeled), did not vary much at all. We
believe that any alternate drive cycles developed and used in MOVES should closely match the
type of driving activity for the area being modeled for emissions to be considered representative.

Apart from the impact of altering the drive cycles themselves, it is worthwhile to note
that the effort required to produce representative drive cycle based on real world driving data is
substantial, and may be prohibitive for some users. For this reason, we anticipate that most users
will elect to use the default drive cycles provided as part of MOVES for their analyses.



What will be the likely impacts on an emission inventory after conversion from a
MOBILEG basis to a MOVES basis?

As presented in Section 5, this study shows that users can expect a considerable increase
in modeled NOx emissions when transitioning from MOBILE6 to MOVES. This is consistent
with other known comparisons of modeled MOBILE6 and MOVES results.***® Our study also
shows smaller increases of both CO and VOC when transitioning from MOBILE6 to MOVES.
Other studies that modeled these pollutants have had mixed results on this point (TTI modeled
decreased CO and increase VOC, while EPA has found decreased VOC results). Beyond the
expected changes in emissions, users should be aware that the level of effort and computing time

required to successfully execute and process a MOVES model run relative to MOBILEG has
increased substantially.

%2 TTI’s Production of MOVES On-Road Mobile, Link-Based Emissions Estimates and Document Preparation
Technical Note, submitted to TCEQ in July 2010.

¥ Update on EPA’s Motor Vehicle Emissions Simulator MOVES2010, presented at CRC by J. Koupal in March
2010
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