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Fuel Toxics, TOG &PM Speciation Peer Review Comments

General comments

Overall Ithink that EPA has done a good job of developing MOVES2014 and that these chapters provide
the reader/userareasonable description of the model. The models are statistical fits of data; that is
probably the bestapproach given the limitationsin our quantitative understandingin the underlying
physical and chemical processes that control the emissions. Forthe most part the modelsseemto be
based on the bestavailable datasets, butthere are inevitably gaps. In certaininstance there appearto
be importantdata that are notincorporatedintothe analysis. | have provided many commentson
individual chapters. The majority of the comments are focused onimproving the usability of the
materials. However, thereare some important scientificshortcomings (treatment of uncertainty,
semivolatile PM, and SOA precursors).

Here are the major comments that apply across mostif not all of the sections that | read:
Presentationrelated:

1. Datasources—the various chaptersand report often provide references tothe underlying data.
However, these references often pointto large reports (e.g. the EPAct data analysis), which
means that the reader may notbe able to figure out what specificdatawere used. |would
encourage EPA to be as specificas possible about what dataare used. | have oftenbeen
frustrated trying to figure out the exact data underlying models like MOVES and MOBILE.

2. Examples—Ithink quantitative examplesreally help the readerunderstand the model. These
existinafew chaptersbutnotinmost. | would encourage EPA toinclude more examples which
will helpthe readerunderstand what MOVES is doing. Pointingthe readerto online tools, such
as the fuel effects spreadsheet are also useful.

3. Tablesdefiningall variables—in some chapter many variables are not defined makingit difficult
for the readerto understand the model. These tables should also indicate which variables are
userinputs and which are derived from existing data. Forthe userinputs, defaultvalues should
be clearly defined.

4. Example results—Forthereaderit would be useful to provide some sample output from the
model to understand the effects. Ideally this would be graphical presentation.

Contentrelated:

5. Goodnessof fit— Given that the models are statistical fits of data, some descriptionis neededin
each chapteron how well the model(s) fitthe underlying dataisimportant. These could be
some sort of statistical measure and/or scatter plots of model predictions versus underlying
data.



Uncertainty—There is no discussion of uncertainty of the model predictions. Thisis mylargest
substantive concern with the reports. One measure of the uncertainty is the quality of the
statistical fit. Abettermeasure ishow well the model performs against datathat were notused
to derive the fitting parameters. | strongly encourage EPA to quantify the uncertaintyin the
MOVES2014 predictions. Every prediction should be accompanied by a quantitative uncertainty

estimate.

Data limitations—EPA has done a good job utilizing existing data. However, there are inevitably
gaps. Obviousgapsare GDI, higher mileage vehicles, high emitters, etc. The readershould be
made aware of these limitations and guidance should be given about how to address.



Review of

TOG and PM Speciation

PM Speciation Appendix

LightDutyEmissionRatesReport_Draft

LightDutyEmissionRatesReport_Draft

HD Emission RatesReport Draft

1.

Doesthe presentation give adescription of selected datasources sufficientto allow the reader
to forma general view of the quantity, quality and representativeness of datausedin the
development of emissionrates? Are you able torecommend alternate data sources might
betterallow the model to estimate national orregional default values?

The report provides some description of datasources. For example Table 12 pointsthe reader
to different EPA reports. Thatis valuable, butitis not clear thatthe informationinthe Tableis
sufficientif areaderwanted to truly understand where the source profile came from. | have
been frustratedinthe pasttryingto track down the source data for speciation profiles usedin
EPA models. Sometimesthere are noreferences (notaproblemhere), butothertimesthe
references pointtoalarge report (the case here). However, these reports can be massive
documents thatdescribe lots of data, but the reader has noideawhich specificdatawere
actually used to develop the inputforthe model (orhow they were used). Maybe thatis notan
issue here (I have notgone and looked at the underlying reports), but | would encourage the
authorsto make sure the readertruly can figure out where the source profiles came from so
that can start with the actual data and recreate the actual profiles. Forexample, the report
couldreferto specificemissions dataform the underlying report.

The report seemsto do a betteronthe PM side of things (PMspeciation appendix, whichis built
uponthisunpublished paper). Itis very helpful thatthe PM appendixincludes the actual
profiles. lwould encourage EPA to write asimilar Appendix forthe TOG speciation.

| was surprised thatthere modeling assumes that a constant EC/PM emission ratio for LDGV.
This may be because the KCVES did not test many Tier 2/LEV2 vehicles. The CRCA74/E96
projectfound a pretty significantincrease inthe EC/PMfornewerTier 2/LEV2 vehicles. This has
been presentedin projectreportsand will be published shortly.

It also seems like default LDGV EC/PMratio is not appropriate for GDI, which are becominga
larger part of the fleet. ARBhasbeen doinga fairbit of testing of GDI — presumably those data
are available. Thiswill be critical for MOVES to be able to predict emissions from future fleets.

Is the description of analyticmethods and procedures clear and detailed enough to allow the
readerto develop an adequate understanding of the steps taken and assumptions made by EPA




to developthe modelinputs? Are examples selected fortables and figures well-chosen and
designedtoassistthe readerin understandingapproaches and methods?

Are the methods and procedures employed technically appropriateand reasonable, with
respectto the relevantdisciplines, including physics, chemistry, engineering, mathematics and
statistics? Are you able to suggest or recommend alternate approaches that might better
achieve the goal of developing accurate and representative model inputs? In making
recommendations please distinguish between casesinvolving reasonable disagreementin
adoption of methods as opposed to cases where you conclude that current methodsinvolve
specifictechnical errors.

| like the approach of definingnonECPMbecause ECis refractory while other components, in
particular OC, are semivolatile. Thisadditionisanimportantstep towardsimplementingamore
physically realistictreatment of OC. However, | am concerned that the model continuesto treat
OC as an inert, non-volatile component of the exhaust. Presumably MOVESis supposedto
estimate the PMemissions at typical atmospheric conditions (notthose in CVS). The problemis
that the low levels of dilution commonly often used in vehicle testing campaigns such as the
KCVES create high PM concentrationsin the CVS. This bias the gas-particle partitioning of the
OC. Few studies have quantified the behavior, butthe recent CRCA74/E96 project
demonstratesthe issues with fleet of 60+ LDGV and MDDV/HDDV vehicles (see May et al.
dx.doi.org/10.1021/es400782j | Environ. Sci. Technol. 2013, 47, 8288—8296, May et al.
AtmosphericEnvironment 77 (2013) 128e139). Ata minimumthe reportshould point outthis
limitation thatthe emission rates may be overestimated because of partitioning biases. | would
encourage EPA to start explicating accounting for these biases in both the MOVES emission
rates and source profiles. This can be done usingthe volatility distributions in the May et al.
papers and the measured CVS concentrations.

| was confused with section 3which describesthe method for converting between different
classes of gas phase organics (NMOG, TOG, THC, etc.).

e First, Title of section 3. Hydrocarbon speciation. | found this confusing. Hydrocarbons
are organiccompounds that contain carbon and hydrogen. Thisisa subset of the
organic, which can contain compoundsinadditionto C and H. Thisshould be called
total organic gas speciation.

e Secondlam concerned with definingthe THC emissions based on whatis measured by
the FID. | realize that thisis standard definition butitis not scientifically correct. The
FID measures carbon. A problemisthat the measurement efficiencyis species
dependent (as mentionedinthe document). The FID quantitatively measure carbonsin
hydrocarbons (organiccompounds comprised of carbon and hydrogen) and the
standard propane calibration works well. However, the FID can also measure some of
the carbon in oxygenated organics (especially carbons not associated with oxygen
atoms) so some of the signal in the FID comes from oxygenated organics, which are not
hydrocarbons. Therefore, thereis no straightforward interpretation of the FID signal,
butitdoesdetect more than justthe hydrocarbon emissions.



e Third, | could not follow the equations used to convert between the different classes of
organicgases (NMOG to NMHC, etc. —e.g. section 3.2). This correctionseemsto be
relatively straightforward —it appears that you are simply using different ratios of, e.g.
NMOG to FID defined THC. Notsurprisingly, these ratios depend on vehicle MY and
type of fuel.

e | willfocus my commentsonsection 3.2 but the same comments to apply to the other
sections (e.g. 3.3) that perform the same analysis. Whatis the basis of equation (1)?
Some underlying physical or chemistry principle? How is equation (1) used? Isequation
(1) usedtoderive un-numbered equations lateron page 9? What is the definition CFis
molaror mass carbon fraction? MPC is mass of what? percarbon? Where is FIDx
defined —give table orreference? Isthe speciation constantlistedin Table 5 the same
as the speciation factor defined by equation 1? If so then you needto reconcile the
names. | tried played with equation with equation (1) but could notfigure out some of
theinputs. It should be clearthat | found this whole section pretty confusingand do not
have a basic understanding of what MOVES is doing, never mind beingable to
reproduce the calculations.

e |tseemsthatthe keyto calculatingthe neededratiosis notequation (1) butthe un-
numbered equations listed on page 9. Theinputsforthese equationsappearto be
giveninTable 4 and 5. | assume thatthese valuesare fixed (orcanthe userinputa
difference volume to weight percent oxygen)? Where did thesevalues come from?
Derived fromfuel analyses? Derived from fitting experimental data? If they are fixed,
thenit seemslike one could getrid of Table 4 and simply replace Table 5with the actual
ratios used to convertbetween NMHC and NMOG for the different model year groups.
That would be much simpler. Ithink that the equations make itappearthatwhatis
beingdone is more sophisticated thenitis.

Page 25 “Step 2” states that sulfate and particular water emissions were obtained by speciation
profiles. However, | thought these were calculated with the sulfate model?

The report should definewhatis meant by the ratios of means (or mass weighted means) used
to create average profiles. Right now the reportassumes the reader can knows this.

In areas where EPA has concluded that applicable datais meagerorunavailable, and
consequently has made assumptions to frame approaches and arrive at solutions, do you agree
that the assumptions made are appropriate and reasonable? If not, and you are so able, please
suggest alternative sets of assumptions that might lead to more reasonable oraccurate model
inputs while allowing a reasonable margin of environmental protection.

Limited datafor GDI. Thisis notmentionedinreport. ARBhasbeen doingsome work on this.

Limited datafor CNG. This isacknowledgedinthe report. Notclearhow critical a gap that is
giventhe limited numberof CNGvehicles (maybe importantin places like LA or NYC with lots of
CNG buses?).



Limited datafor post-2007 diesels, especially on long-term performance on aftertreatment
devices.

These limitations are expensive to address. Theyshould be pointed outinthe report.

5. Aretheresulting model inputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processesinvolved in exhaust emissions
formation and control? Are the resulting model inputs empirically consistent with the body of
data and literature that has come to your attention?

The PM profiles were weighted using Kansas City MSA VMT data. How sensitiveare the profiles
to that assumption? If they are sensitivethen that potentially creates anumber of concerns.
How representativeisthat of otherareas inthe country? How representativeare they of future
vehicle fleets?

Section 4.2 — “But they are the majorspecies by mass and reactivity” lam concernedaboutthe
gaps between speciated and total emissions. The standard approach (adopted here), assumes
that the unspeciated portion of the NMOG behaves the same asthe speciated. Thislikelyis not
the case whenit comesto secondary organicaerosol (SOA) formation. The unspeciated
emissions are likely acomplex mixture of higher molecular weight species—these species
contribute disproportionately to SOA formation relative to lighter species (e.g. propane).

“while assuring that the PM2.5 species achieved a 100% mass balance” | find these sorts of
statements very concerning, especially given that these sorts of renormalizations are often
poorly documented resultingin users not being aware of these assumptions. Itisimportantto
documentifthere are significant mass balance discrepancies, not just normalize them away. |
realize thatthe profilesdon’thave aPM_unkown species, but enforcing mass balance may
create other problems.

Otherstudies with diesel (e.g. Schaueretal. 1999 EST, Subramanian etal. 2009 EST) show a pretty
significantgap in PM mass balance for diesels (sum of speciated low).

Other

Page 5 Intermediate PMsection-- ECis not a “real” speciesinthatit is not a distinct chemical
substance butsomethingthatis operational defined. Although notdefined, lassumed areal
species was an actual chemical species like CO.

Page 7 Real speciation profile —A key shortcomingis that these real profiles are incomplete—
they are typically missingaround a quarter of the TOG mass. This pointis mentioned laterbut
should be mentioned here aswell.



Page 7 — | am concerned with defining the THC emissions based on whatis measured by the FID.
| realize that thisis standard definition butitis not scientifically correct. The FID measures
carbon. A problemisthatthe measurementefficiencyisspecies dependent(asdiscussedinthe
document). For FID quantitatively measure carbonsin hydrocarbons (organiccompounds
comprised of carbon and hydrogen) and the standard propane calibration works well. However,
the FID will also measure some oxygenated organics (especially carbons not associated with
oxygen atoms) so some of the signal in the FID comes from oxygenated organics, which are not
hydrocarbons.

The qualifier “start” is often used to characterize the emissions. Everyinstance of thatshould
be furtherclassified as cold or hot start, as that can make a bigdifference on emissions. Many
timesitwas notclear what type of start the text was referringtoo.

Typos

Page 3 defined by discrete —missing by

Page 3 although “county”? Notsure whatcountyis

Page 9 “asthe all” delete the

Page 14 — “3.1 NMHC and VOC calculations ...” this section headingis misnumbered.

PM fractions of median profilegreaterthan 1 - how much greaterthan 1?



Review of Fuel Sulfur Effects — only Tier 2 sulfur model

General comment—| found this documentto be very difficultto follow. The model was poorly
described with many variables noteven defined. It was also not clear how the model would be used. It
would be impossible forthe readerto reproduce the calculations shown in Figures 1-4.

As inevery documentthere was notreatment of goodness of fit or uncertainty in the model.

6. Doesthe presentation give adescription of selected data sources sufficienttoallow the reader
to forma general view of the quantity, quality and representativeness of data used in the
development of emission rates? Are you able to recommend alternate data sources might
betterallow the model to estimate national orregional default values?

The data sources for the Tier 2 models are poorly described. They seemto be containedin
references 10-12. Were all these dataweighted equally forthe modeling? How were the data
from different studies that had different sulfur contentsincludedinthe interpolation? Itisnot
clearwhich study the paragraph starting with “The study..” refersto. |assume study 12.

7. Isthedescription of analyticmethods and procedures clearand detailed enough to allow the
readerto develop an adequate understanding of the steps taken and assumptions made by EPA
to develop the modelinputs? Are examples selected for tables and figures well-chosen and
designedtoassistthe readerin understanding approaches and methods?

The model is based on statistical analysis of emission testing performed with gasoline that had
two differentsulfurlevels. The reportreferstothisanalysisas “mixed-model analysis.” lam
not sure whatthat means— presumably thisis some sort of multivariate model. The chapter
needstodescribe whatthe mixed modelanalysisis. On page 8 the document statesthatdetails
“can be foundinthereport.” Thereis notreference provided forthisreport.

Presumably the mixed modelanalysisis used to derive the betavaluesin equation 17? The
reportdiscussing usinginterpolation for this analysis?

Equation 17 — This needsto be much betterdescribed.

e WhatisA? Ascalingfactor? Howisitused? Presumablythere are differentvalues of A
for different pollutants (e.g. NOx, CO, THC)?

e |donotunderstand how the betaSwere derived. The textsaysthey were developed by
linearly interpolating? However you have many vehicles so presumably you getawhole
bunch of betaSvalues (one foreach vehicle tested atthe two fuel Slevels). Inaddition
the different studies used differentfuelSlevels? How doyou combine the betaSvalues
for differentvehicles and different studies? Lumpingthemtogetherandthen



10.

averaging? Presumably the data are stratified by pollutant, modelyear? Whatisthe
uncertaintyin these values? How did the values of betaS vary across the vehicle fleet?

e WhatislistedinTable 2? The BetaSvalues?

Are the methods and procedures employed technically appropriateand reasonable, with
respectto the relevantdisciplines, including physics, chemistry, engineering, mathematics and
statistics? Are you able to suggest or recommend alternate approaches that might better
achieve the goal of developing accurate and representative model inputs? In making
recommendations please distinguish between casesinvolving reasonable disagreementin
adoption of methods as opposed to cases where you conclude that current methodsinvolve
specifictechnical errors.

| do notunderstand the methods oranalysis (“mixed modelanalysis”). Thisappearstobe a
purely statistical modelas opposed to something based onthe underlying physics and
chemistry.

Uncertaintyis a keyissue thatis completely neglected in this chapter. Forexample, table 1lists
sulfurreduction with 3significantfigures. These values need uncertainty estimates.
Uncertainty estimates on these parameters can be derived from the statistical analysis. Abetter
approach would be to challenge the model by performing leave one out cross validation. Ideally
both of these approaches would be taken. The completelack of uncertainty seems like amajor
weakness of the entire report.

In areas where EPA has concluded that applicable datais meagerorunavailable, and
consequently has made assumptions to frame approaches and arrive at solutions, do you agree
that the assumptions made are appropriate and reasonable? If not, and you are so able, please
suggest alternative sets of assumptions that might lead to more reasonable oraccurate model
inputs while allowing areasonable margin of environmental protection.

The data seemreasonable. |am not aware of otherdata.

Are the resulting model inputs appropriate, and to the best of yourknowledge and experience,
reasonably consistent with physical and chemical processes involved in exhaust emissions
formation and control? Are the resulting model inputs empirically consistent with the body of
data and literature that has come to your attention?

The chapter presents no datathat demonstrates the model provides reasonable results. For
example data could be added to Figures 1-4 to help the reader evaluate the model.



Other

Figures 1-4. These appearto summarize the outputfromthe sulfur model. Whatisthe “fuel
sulfuradjustment” (which variable, some version of A?)? Howisitused? Simplyasa scaling
parameteronthe base emissions? These details need to be clarified.

The review is focusingon the Tier 2 model which applies up to fuel sulfurlevel of 30ppmv. ltis
hard to see the predictions of this model in Figure 1-4 because the x-axis scale goes to 600 ppm.
Lessthan 30 ppmvis less than 5% of thisscale. Giventhe Tier 2 standard for fuel sulfurthe
reportshould focus more on the model behaviorat currentand future sulfurlevels (<30 ppm).
For retrospective analyses showing such high fuel sulfurlevels may be useful (how long ago
were fuel-Slevels greaterthan 400 ppm?). Bottomline isthatthese figures oracomparable set
such focus on performance of the models overthe range of currentfuel-Slevels. Doesiteven
make sense to plot MY 2017 vehicle outatsuch high fuel Slevels?

Although | realize we were not supposed toreview the older M6Sulf model, | found the
description of the model to be impossible tofollow. Itis clear that the modelissimplyacurve
fitof the underlying dataset. However, many of the variablesin this section are not defined.
For example whatis A? What do the M6SulfurCoeff values listed on the bottom of page 3
represent? Without more descriptionitisessentiallyimpossible to understand how to apply the
model.

It would be useful if this chapterlisted the parameterization developed for the M6Sulf model.
Presumably these are the wliR, betas’s etc. Atable definingeachvariable and listingits value
would be very helpful.

You needtodefine all variables —a short table would be very helpful. Whatis A2, As,short,
As,long, As,Irr ¢, etc. Aisclearlyanimportantsymbol. Whatdoesitrepresent? Itappearsto be
some sort of adjustment factor. Isthis multiplied with the base emissions to estimate the
effects of sulfur? Inorderforsomeone to figure outthe model, these details need to be much
more clearly spelled out.

Equation 8??? | have no ideaof the basisfor this equation. Itis doingsome sort of weighting of
undefined terms. Whatis the basisfor the irreversibility factor (asentence to help the reader so
that they don’t have to look up that grey literature reference).

30 ppmvis the boundary between the two models (Mobile and new Tier 2). Do the two models

predict the same effectat 30 ppm? Figures 1-4 suggests that the modelslink up. Whatis the
basis for the 30 ppm cut —justthatitisthe tier 2 fuel standard?



Comments on Toxics Report Draft

General comment-- Comparedtothe otherreportsthere were more typos, broken links, placeholders
like “???”inthe text, and many typos (e.g. superscripts for references and on numbers, e.g. see Table
47) inthisreport.

Doesthe presentation give adescription of selected datasources sufficient to allow the readerto
forma general view of the quantity, quality and representativeness of dataused in the
development of emissionrates? Are you able torecommend alternate data sources might
betterallow the model to estimate national orregional default values?

| thought that the reportdid not do a good job of providingin text citations to the data sources. Often
whenthereportreferredtoa data source there was not an in textcitation. Forexample, on page 14 --
they were taken directly fromthe ComplexModel Spreadsheet “CM Final.xIs”. Need areference for this
spreadsheet. Thisisjuston example.

Pre2000 vehicles (Section 2.1) This modelisbased onoldTier0 data, whichisappliedtoa large fraction
of Tierlvehicles. Thereisalot of speciated dataforTier1 vehicles fromthe KCVES. Why was a model
not developed based onthatdata? The proposed model should be tested againstthe KCVES Tier 1 data
to demonstrate thatitisapplicable tothose vehicles. Ataminimum this needstobe discussed.

Is the description of analyticmethods and procedures clear and detailed enough to allow the reader
to develop an adequate understanding of the steps taken and assumptions made by EPA to
develop the modelinputs? Are examples selected fortables and figures well-chosen and
designedtoassistthe readerin understandingapproaches and methods?

The report commonly uses the word “fraction” or “toxicfraction”. You need to define fraction of what—
VOC, NMOG, THC, etc (presumablyeach of these isdefined using standard EPA definitions). Fortables
actually definingin headeraswas done for Table 20 is useful. Alsoisthisamass or a mole fraction.

Please make sure thatall variables are defined—a nomenclature table with units should be added to the
report.

Centering data(page 10) — It appears that you are using a different centering approach forolderdata
than forthe new model (e.g. eqn 8). Why were differentapproaches used?

What is meant by model year specificweightings (page 10)? What do these weights represent?
Fraction of vehiclesforagivenyear?

Equation 1— what are the units of the differentvariables?

Table 8 — Complex model coefficients—these are beta’sin equation (1).



Page 13 “For each compound, the model equations as shownin Equation 1, are evaluated fora “base”
and a “target” fuel.” Thisbase fuel residesin MOVES? Isthisthe same as the average fuel listedin
Table 7?

Page 14 — equation 3. Itwas not clear how the weights are beingapplied. You are tryingto derive one
adjustmentfactorforall pre2000 vehicles? Are youdrivingaseparate factorforthe 10 different
technology classes? This needsto be clarified.

Table 12 -- Accordingtothe textthese weightsrepresent prevalence foragiventechnology year.
Prevelance means what? Fraction of vehicles based on number, VMT? |am confused that Table 12 lists
weights based on “age” as opposed to model years? Isthisage relative to 2000? It would be clearto
define abase yearto calculate age.

Equation 6 -- What is lyoc? Where does the value come from? The standard moves code.

Post2000 organicemissions are based on models derived from the EPAct data. It was notclear if these
models are the same as those in the EPAct report. | assumedthat they were. If so, the Toxicreport
needsto specifically acknowledge that. Inaddition, itshould provide specificreferences to which
models are being used as the EPAct reportdescribes awhole bunch of models. Please provide in text
citationsforthe EPAct report.

Table 1 —Are all these hydrocarbons? There are compounds that contain elements otherHand C, which
| don’t considerto be hydrocarbons.

Whenyou use the term “start” please defineitas eithercold (e.g. bag 1 of LA92 with appropriate
preconditioning) or hot start (bag 3 of LA92).

Page 6 “algorithms” —are these really curve fits as opposed to algorithms?

Page 8 “Toxicsinputsfor MOVES are not explicitly designed to vary by temperature.” Notsure whatthis
means? The outputs do notvary withtemperature? Whatdoes temperature referto? Ambient? Cold
versus hotstart?

“In addition, while MOBILE6.2relied on very limited data from heavy-duty gasoline vehicles, MOVES
applies Complex Model algorithms to both light-duty and heavy-duty gasoline vehicles” Isthere a basis
for this extensions. Have additional heavy duty gasoline vehicledatabeen obtained? If notwhyis
MOVES being extended to heavy duty gas while MOBILE did not?

Page 16 (lastsentence of first paragraph) Does MOVES have representative fuel datafor different
regions and simulations year? Given the focus of fuel dependence of emissions providing the userwith
arobust setof defaultfuel values (yearand region) would be helpful.

Equation 7 —what isV and what are its units? Equation 7 and associated parametersin Table 13 were
derived by fitting MOBILE output. Why not fitdirectly the original dataor use the original
parameterizationin MOBILE? You claim this equation providesthe bestfit. What are statistics of fit?



Table 12 -- What do these weightrepresent? The distribution of different classes of vehicles in different
model years? Itseems like the minimum age of 2000 vehicle is 13years (if runninga presentday
simulation).

“It should be noted that the sulfur effectstermsinthe equations werenotincluded; rather, sulfur
effects ontoxicemissions were assumed to be proportional to the sulfurimpacts on total VOC
estimated by MOVES.” Sulfureffectsin whatequations? Thereisnosulfurinequation 7 (whichisthe
equationthatthis sentence seemstoreferto).

Table 16 existsin Pre-2000 section (2.1—infactitisin section 2.1.1.1.3) but appears to apply more
generally. Move into a more general section of the report?

Do youreally wantto call ethanol blends gasohol? When | hear gasohol | think of Brazil.

Page 31 “one setrepresenting startemissions and asecond setrepresenting hot-running” start
emissionsis hotstart (LA92 bag 3) or cold start (LA92 bag 1, with appropriate conditioning).

There are table reference problems (e.g. seepage 32, 35, 38, 40, ...). There are other instances of this.

Table 27, 28, etc. Are these parameters fromthe EPActreport. If so provide citation. Please cite the
specificmodel fromthe EPActreport, notjustthe general report.

Page 40 Whatis0C2.5 VOC?

Page 41—dioxins and furans—“to be similar” You are assumingthemto be the same notjustsimilar.
Seems like these estimates are very uncertain since they are based onvery old vehicles.

The word “data” is plural. E.g. Data were not data was

Diesel PAH data— Similar problems with the partitioning estimates. Partitioningin Schauerstudyis
biased comparedto atmosphere. Thisneedsto be explicitly notedinthe report. Thereisa“higher
concentration of particles in diesel exhaust” compared to gasoline exhaustinthe CVS or plume, but not
inthe atmosphere. Concentrationsinthe atmosphere not exhaustis what matters for partitioning.

Table 49 — Particle phase naphthalene? Thatmustbe a measurementartifact.

Are the methods and procedures employed technically appropriateand reasonable, with respect to
the relevant disciplines,including physics, chemistry, engineering, mathematics and statistics?
Are you able to suggest or recommend alternate approaches that might betterachieve the goal
of developingaccurate and representative model inputs? In making recommendations please
distinguish between casesinvolving reasonable disagreementin adoption of methods as
opposed to cases where you conclude that current methods involve specifictechnical errors.

It isnot clear why the demarcation forthe gasoline vehiclesis MY2000 — it seems like the years in which
tier 1 ortier2 vehicles were introduced would make alot more sense. In contrast, the MY2007



distinction fordiesel vehicles makes alot more sense than the apparently arbitrary split for gasoline
vehicles.

Page 19 section 2.1.1.2 It seemsvery problematicto be using emissions datafrom EPActfor a new Tier
2 vehicle toapplytothese oldervehicles to simulate emissions from high ethanol fuel operations froma
pre2000 vehicle. The uncertainty must be verylarge. Canyourun oldervehicleson E85? There seems
to be little basisforthis extrapolation—it seemslike you are simply trying to be comprehensive. Ideally
a quantitative estimate of uncertainty should be provided for this estimate. Ata minimum MOVES
should flagthe value as massively uncertain.

Phase partitioning of PAH (page 21). This appliestoall vehicles (pre2000and post2000). Howeveritis
inthe pre2000 section. | found this confusing. Why not have one section thatsays PAHemissions of all
gasoline vehicles estimated using this approach.

More PAH: There is a paragraph that provides the caveat that “gas-particle partitioning of PAHs emission
inthe atmosphere depends on particle and gas concentrations, exhaust temperature and other factors.”
Itis good to state this. However, presumably the relevant temperatureforatmosphere partitioningis
atmospherictemperature (notexhaust). This paragraphimplies, but does not specifically state, that the
gas particle partitioning measured in source testis not representative of atmospheric conditions (orat
leastnotall atmosphericconditions). |think thatthis caveat needsto be explicitly stated. “The gas
particle partitioning of PAHs measured in source tests and implemented in MOVES is likely not
representative of atmospheric partitioning.”

More PAH: The model use results for composite class, “medium emitters,” to estimate gas particle
partitioning of all PAHs. Why was a medium-emitters class used? lalsosuspectthatthe conditions
inside the CVSduringthe test of these old vehicles (esp. PAH concentrations, PM concentrations, BC
concentrations) are not representative of atmosphericconditions (orthe newerTier 2vehicles). This
likely biases phase partitioning towards particle phase. EPA should choose atestin whichthe conditions
concentration and temperature inside the CVS were within the envelope of conditions that likely occur
inthe atmosphere. This likely would be atestfora cleanervehicles. Anevenbetterapproachwould be
to review the literature of ambient gas-particle partitioning measurements of these compounds and use
those values (asopposed tovaluesfromasource test). Finally, if the phase partitioning of PAHs is an
important outputforsome of MOVES uses thenit is not difficult toimplement a gas-particle partitioning
model.

Table 20 —-The same PAH emissions ratios appearto be applied to all vehicles, which are based on some
sort of fleetaverage fromthe entire KCVES (orjust the pre-2001 vehicles)? Itis not clear why this
approach was adopted. With thisapproach you are lockingin the emissions based onafleetthat was
10 yearsold today. How constantwere these ratios across the fleet? If they are not constant, why not
stratified the emissionsinto classes (atleast Tierl, Tier2) which willallow the model to betterforecast
future emissions?



In areas where EPA has concluded that applicable datais meagerorunavailable, and consequently
has made assumptionsto frame approaches and arrive at solutions, do you agree that the
assumptions made are appropriate and reasonable? If not, and you are so able, please suggest
alternative sets of assumptions that mightlead to more reasonable or accurate model inputs
while allowing areasonable margin of environmental protection.

In this chapter/reportthere iswiderrange of data quality compared to otherreports and chapters.
Some of the models are based on pretty robust data sources (e.g. basicgaseous organicairtoxics), but
others are based on data that, at best, are loosely related to the source (Why should fraction of
hexavalent chromium emissions from a stationary turbine be representative of onroad vehicles? Orwhy
should emissions fromatier2 E85 vehicle be representative of emissions from much oldervehicle
operating on high ethanol blends). lunderstand the desireforthe model to be comprehensive as
possible, but the uncertainty of the predictions willvary widely. It does notseem like the model user
will have anyideaaboutthe quality of the predictions. Ideally each MOVES prediction would provide a
guantitative estimate forevery prediction. Ata minimum the model should provideagrade (e.g. similar
to AP42) foreach pollutant. Forpollutants with robust models, the grade willbe high (e.g. A). Forless
robust models (e.g. hexavalent chromium), the grade would be poor(e.g. F).

In some cases there are important sources of data that have not been utilized (e.g. KCVES to estimate
pre2000 vehicle air toxics emissions or PAH emissions for post2000 vehicles).
CNG buses—It seems like there is more dataavailable. WVU hasdone a bunch of testing on transit

buses. Aerodyne research alsodid abunch of chase studies of CNG powered transitbusesin which they
measured high formaldehyde emissions.

Section 2.1.3 Metals —You assume constant emission rates across fleet (which seems plausible, much
more so than for PAHs). However, if there were systematicvariations in metals emission rates across
the fleet why not stratify the model to capture them. What is the quality of the metal emissions?
Presumably metal emissions will be sensitiveto lube oil therefore itis not clear how widely applicable
the data are.

Hexavalentchromium—The speciationis based on stationary combustion turbine testing. Isthere any
reasonto think thatis applicable to on-road vehicles? If not, why evenreportit. At bestthe results will
be highly uncertain. Ithinkthisan example of wherethe model predictions are not supported by robust
data.

Page 25 — Why are dioxins and furans expressed as TEQs as opposed to not mass. | am not familiar with
dioxins butitstruck me as strange. The quality of the dioxins dataseemed low.

Are the resulting model inputs appropriate, and to the best of yourknowledge and experience,
reasonably consistent with physical and chemical processesinvolved in exhaust emissions
formation and control? Are the resulting model inputs empirically consistent with the body of
data and literature that has come to your attention?

The report does not provide sufficientinformation to asses this.



Review of Fuel EffectsTier2Vehicles

1. Doesthe presentation give adescription of selected datasources sufficientto allow the reader
to forma general view of the quantity, quality and representativeness of dataused in the
development of emission rates? Are you able torecommend alternate data sources might
betterallow the model to estimate national orregional default values?

I think that the presentation of the data sources (specifically test fleet, and fuel composition) could be
improved. Thereisalot of detailed information in the main EPActreport, which | download and
skimmed parts of, butit would helpful forthe readerif abit more information (afew more paragraphs)
was providedinthe introaboutthis test program. Here are some examples of the sort of information
that would be useful to provide the reader: Were these all relatively new, low-mileage vehicles? What
was the variety of emission control technologies? Were the vehicles all port fuel injected? Were all the
vehicles 2008 MY? How were the vehicles procured? Recruited fromthe in-use fleet—if so where?
What was the range of each property of the fuelstestedin EPAct? Whatare typical values for each of
these propertiesin actual in-usefuels (summerand winter)?

If all the vehicleswereportfuelinjected then whatisthe guidance forgasoline directinjection vehicles
which are becoming more prevalent? Thatseems like the most significantgap inthe information.

All of the EPAct vehicles werelow mileage, what are the recommendations for higher mileage tier 2
vehicles?

These things seem like important datalimitations. Although these issues probably cannot be addressed
(these types of vehicleswerenotinthe EPAct test fleet), the document should clearly describe potential
limitations of the model so thatthe readeris aware of them.

2. Isthedescription of analyticmethods and procedures clear and detailed enough to allow the
readerto develop an adequate understanding of the steps taken and assumptions made by EPA
to develop the modelinputs? Are examples selected fortables and figures well-chosen and
designedtoassistthe readerin understanding approaches and methods?

The core statistical model/parameterizations appears to have been derived by the EPAct projectand
appearsto be describedinthe final reportforthat project (Assessing the Effect of Five Gasoline
Properties on Exhaust Emissions from Light-Duty Vehicles Certified to Tier 2 Standards: Analysis of
Data from EPAct Phase 3 (EPAct/V2/E-89) Final Report (EPA-420-R-13-002)). Inthat (EPAct) report
they describe multiple models, but the set of parametersthat will be used in MOVES2014 appearto
be the same as whatis listed in Table ES-1and ES-2 of the EPAct report (the only exception appears
to be the value of the variance listed in Table 3— why are those different?). Thiswas not clearfrom
readingthe fuel effects document. If thatis the case (the models were taken directly from the
EPAct report), then thisdocument needs to have a short declarative sentencing statingso. “The



models used here were derived and described inthe EPAct final report (ref).” Right now the
introduction only provides avery qualitative discussion of the EPAct process, but does not explicitly
say that the analysis was used here. If the modelis differentthan one of the models derivedinthe
EPAct reportthenthisreportneedsa lot more discussion of the derivation of the model.

Withoutreadingthe EPAct reportthe readerhas essentially no “understanding of the steps taken
and assumptions made by EPAto develop the modelinputs.” The EPActreportisverylongand
detailed. Inaddition, they fit multiple models to the data. This chapter would benefitif it provided
some more discussion of the EPAct modeling process and why this particular model was chosen (as
opposedto one of the other models fit by the EPActteam). This would be a page or so of text. This
would give every readerabasicunderstanding of the model; interested readers could then be
referredtothe EPAct report for more details. |thoughtthatthe airtoxics reportdida much better
job of describingthe underlying model(s) than this chapter.

Anothershortcoming of this documentis that it does not provide some description of the goodness
of fitof the model to the original data (part of this should be providing some physical description of
what the variance valuesin Table 3). | skimmed through multiplesections of the EPAct reportand
could not find that succinctly summarized. A few paragraph (up to a page or two) description of the
goodness of fit of the model to EPAct data should be provided as the ability of MOVES2014 to
predictfuel effects ultimately depends onthe model and how well it describes the data.

Were any exercises performed to testthe model withindependent data (datanotusedto fitthe
model)? Standard techniques such as “leave-one-out” can be used. Alternatively one could use
speciated datafrom othertest campaignsto testthe model? For example, ARB has extensive data
from theirsurveillance program. This sort of independent evaluation of the model with real world
data seems extremely important. This analysis should be performed and described in the reportto
provide the userconfidenceinthe model.

What was the basis forthe assumption “that effects forfuels and temperature are independent and
multiplicative.”

3. Arethe methodsand procedures employed technically appropriate and reasonable, with
respectto the relevantdisciplines, including physics, chemistry, engineering, mathematics and
statistics? Are you able to suggest or recommend alternate approaches that might better
achieve the goal of developing accurate and representative model inputs? In making
recommendations please distinguish between casesinvolving reasonable disagreementin
adoption of methods as opposed to cases where you conclude that current methodsinvolve
specifictechnical errors.

This sort of statistical fittingis commonly done to create “models” to describe fuel effects. The
parametersincludedinthe modelare known toinfluence emissions. However, | am not aware of any
scientificbasis forthe underlying mathematical form of the model. Ifthere is one the report would



benefitfromadescription ofit. Inaddition, without the information on goodness of fitand evaluation
of model withindependent data as described in the previoussectionitisimpossibleto answerthese
questions.

Beyond a description of the goodness of fit, the major shortcoming of the model is there is no treatment
of uncertainty. | would advocate that the model should provide uncertainty estimates (confidence
intervals) forevery output/prediction. One simpleway to provide an estimate would be to use the
statistical uncertainty of the fit. Thisisreasonably straightforward. Amore robustapproach wouldalso
be to try to account for the limitations in the underlying dataset (e.g. lack of GDI). Providingarobust
treatment of uncertainty isnoteasy butit seems essential to ensure that the dataare used
appropriately. Including uncertainty estimates would be a major upgrade of the model, which may not
be possible forthisrelease of MOVES. However, | would strongly encourage EPA to make starting
implementing uncertainty a high priority forfuture releases.

4. Inareaswhere EPA has concludedthatapplicable datais meagerorunavailable, and
consequently has made assumptions to frame approaches and arrive at solutions, do you agree
that the assumptions made are appropriate and reasonable? If not, and you are so able, please
suggestalternative sets of assumptions that might lead to more reasonable oraccurate model
inputs while allowing areasonable margin of environmental protection.

| don’tthink that there are any statements about data limitationsin this section. However,
there are some critical data gaps, such as for GDI, higher mileage vehicles, and malfunctioning
(gross emitting) Tier2 emitting vehicles. Itwould be good to at least specifically mention these

gaps.

5. Aretheresultingmodelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processes involved in exhaust emissions
formation and control? Are the resulting model inputs empirically consistent with the body of
data and literature that has come to your attention?

Thisis notcoveredinthis chapter. The trends as reportinthe EPActfinal report seem consistent with
expectations.



S04 SO, Calculator

1.

Doesthe presentation give adescription of selected data sources sufficient to allow the reader
to form a general view of the quantity, quality and representativeness of datausedin the
development of emissionrates? Are you able torecommend alternate data sources might
betterallow the model to estimate national orregional default values?

| think that the papergivesa good description of the underlying datasets used to derive the model

(infact | think thatthese descriptions are betterin this documentthenin some of the other
documents).

The models (gas, old diesel, new diesel, CNG) are based on a relatively limited amount of data (one

or two studies). The selected studies are relevant because some of them systematically varied
key parameterssuch as fuel sulfurlevels (e.g. FULand DECSE). | am not aware of otherstudies
that have systematically varied these properties.

It seems concerning that some of the core studies (e.g. the KCVES) used gasoline with much higher

sulfur content gasoline compare to Tier 2 gas. This meansthe model hasto extrapolate along
way from the reference case. | understand the FUL dataset help do this extrapolation, but it
seems strange to have the reference be so far fromthe current norm on fuel sulfurcontent.

A majorshortcoming of thisreportis that they show no model evaluation and only limited

discussion of goodness of fit. This sort of quality assurance seems essential in an application like
MOVES. The model can be evaluated by the many other studies have measured sulfate
emissions (e.g. PMcharacterization by Kleeman group, gasoline component of the gasoline
diesel splitstudy, etc.). If some of the parameters are not available inthese studies (e.g. fuel
sulfur content) the comparison willstill provideinsightinto the suitability of default values. The
model should be tested against atleast some of these other datato evaluate its robustness.
This analysis should be performed and described in the report to provide the user confidence in
the model.

Is the description of analyticmethods and procedures clear and detailed enough to allow the
readerto develop an adequate understanding of the steps taken and assumptions made by EPA
to develop the modelinputs? Are examples selected fortables and figures well-chosen and
designedtoassistthe readerin understandingapproaches and methods?

The basic approachis reasonably welldescribed. | also think that the basicapproach of linking
sulfate emissions to nonECPMmakes sense (and isanimprovementfromthe old approach of
linkingtofuel S) because itavoids the potentially absurd resultif you make assumptions about
fuel sulfur content conversion to SO4.



Equation 1is the core of the model. Itwas not totally clear how thisisimplementedin practice.
It appearsthat NonECPMis an output from another part of MOVES2014 and that this model
simply scales that fraction using the actual fuel sulfur concentration. Therefore the only
independentinputintothe modelisthe fuel sulfurconcentration (x). All of the restof the
parameters are determined by the reference (listed in Table 1 of maintext). If thisis the case
thenit should be clarified in the text.

Presumablythereisadefaultvalue forthisif the userdoes notknow the fuel sulfurcontent. It
would be good to define that value.

There seemsto be two assumptions fromthe It seems like a key assumptionis sulfate emission
rate from lube oil (SO40) is fixed for different types of vehicles. Isthere evidence to support this
assumption? Ifsoit was not adequately discussedinthe report. The second assumptionisthe
parameterthat describesthe conversion of fuelsulfurto sulfate.

| do notunderstand the treatment of particulate water (Appendix 1 equation 2). Aerosol water
dependsonthe composition of the aerosol and the relative humidity of the exhaust. Thiscan be
easily calculated usingthermodynamicmodel such as ISOROPIA. | am not sure how this
equationrelatestothe underlying theory.

A table of variables and definitions would be useful. Thisisgeneral commentthatappliestoall
chapters.

Are the methods and procedures employed technically appropriateand reasonable, with
respectto the relevantdisciplines, including physics, chemistry, engineering, mathematics and
statistics? Are you able to suggest or recommend alternate approaches that might better
achieve the goal of developing accurate and representative model inputs? In making
recommendations please distinguish between casesinvolving reasonable disagreementin
adoption of methods as opposed to cases where you conclude that current methodsinvolve
specifictechnical errors.

The model is empirical with the constraint of conservation of mass. This seemslike areasonable
approach giventhe complexity of the system.

In areas where EPA has concluded that applicable datais meagerorunavailable, and
consequently has made assumptions to frame approaches and arrive at solutions, do you agree
that the assumptions made are appropriate and reasonable? If not, and you are so able, please
suggestalternative sets of assumptions that might lead to more reasonable oraccurate model
inputs while allowing areasonable margin of environmental protection.



A limitationthatis notdiscussedisthatthe sulfurlevels of the fuels used inthe KCVES are much
higherthantheyare incurrent Tier 2 gasoline.

Anotherlimitationisthe lack of GDI vehicles—as the report states the sulfate emissions depend on
sulfur content of the oil/fuelbut also combustion conditions. Presumably the differences between
combustionina GDI versus PFI may influence sulfate emission rates.

The major shortcoming of the model isthere is no treatment of uncertainty. | would advocate that the
model should provide uncertainty estimates (confidence intervals) forevery output/prediction. One
simple way to provide an estimate would be to use the statistical uncertainty of the fit. Thisis
reasonably straightforward. Itappearstohave beendonein Figures 3-1and 3-3, which showsthe
results forthe conventional diesel. This needs to be transferred into the core model. Uncertainties
should be listed for each of the parametersin Table 1.

A more robustapproach would also be to try to account for the limitationsin the underlying dataset
(e.g.lack of GDI). Providingarobusttreatment of uncertainty is noteasy but it seems essentialto
ensure thatthe data are used appropriately. One way to define this uncertainty would be to challenge
the model with additional datathat were not used to derive the parameterslistedin Table 1. Including
uncertainty estimates would be amajor upgrade of the model, which may not be possible forthis
release of MOVES. However, | would strongly encourage EPA to make startingimplementing
uncertainty a high priority for future releases.

5. Aretheresulting modelinputs appropriate, and tothe best of yourknowledge and experience,
reasonably consistent with physical and chemical processesinvolved in exhaust emissions
formation and control? Are the resulting model inputs empirically consistent with the body of
data and literature that has come to your attention?

There were notsample calculations presented in the chapter. Addingasimple figurethat plots sulfate
fraction of non-ECPMfor a range of reasonable fuel sulfur contents would help the readerunderstand
the model predictions. | suspectthatthe results will be reasonableafew percent of the PMis sulfate.

Other
Table1 -

In headers|would add the word “reference” to the lastthree columns. Forexample, xBisthe reference
fuel sulfurlevel notjustthe fuel sulfurlevel.

Table 2-1

Units for sulfurcontent



Definition of SES variable —sulfuremitted as sulfate suggests that thisis ratio or fraction. Howeverthis
appearsto be an absolute emission rate. Why notjustcall ita sulfate emission rate?

Equations before Table 2-2— It seems like the Betaland Beta2 parametersin this equation are test
specific(KCorFUL) and then you make the assumption thatthey are equivalent.

Table 2-2
Did FUL use FTP or UDDS? Intext|thoughtyou said UDDS.



Other comments

Section 2.1 -

It would be good to listthe fuel properties that are used in the model (orat least considered in the
modeling, since some were dropped outin the analysis) insection 2.1so that it is clearto the reader
whattheyare. The propertiesare listedinthe intro butit was notclear those were the properties used
inthe model.

Readers may not know what you mean by second-orderand linearterms as these are never defined.

Table 2 -

Units this is % by vol or mass. Same comment for aromatics.

The terms like “etOH x etOH” terms are not defined. Presumably thisisthe ZZetOHxetOH listed in
Equation 3. If so thenthe table should use the same nomenclature. If notthenthesetermsneedtobe
defined.

The document frequently uses the term “start.” Presumably thisisactually “cold start” (bag 1) as
opposedto “hot start” (bag3). The termstart should always be defined

Section 3. Fuel effect adjustments

It seemslike the key here is equation 6 because thatis whatis actually used by MOVES. You are
calculating ascaling factor (equation 6) to apply to the base MOVES emission rate. If thatis correct then
that should be explicitly stated.

Equations 5 -- | thinkthatit would be useful tolistoutall the terms.

Equation 6—X (bold) and Beta_in-use are not defined. These are some sort of vector?

Table 3—

It would be helpful if youincluded a column that had the actual model nomenclature (e.g. ZetOH) as
opposedtowhatyou currently listas model terms. Right now the reader may be confused tryingto
relate the informationin Table 3with the equation (this applies especially to the cross terms).



Why are the variance valuesin Table 3 differentthanthose inthe EPAct report for the same set of
model parameters? (Thisis based on comparingwith valuesin Tables ES-1and ES2 in EPAct report).

Some discussion of the meaning of the valuesin Table 3would be useful to provide the reader some
understanding of the actual model. Fromreadingthe EPActreportitappearsthat the signon the
coefficientindicates thatitis positively or negatively correlated. The magnitude indicates the size of the
dependence?

Section 4—

This table only defines selective values of parameters. It would be useful to have a footnote toa
reference whereall of the values of each parameterare defined (thiswould include reportand page
number).

Table 6

When you write somethinglike ETOHVolume presumablythis actual the Z value for this parameter.
Should probably try to make this clearin the table in comments column?

Fuel sulfur—ppmvolume ormass?

Section 4.1 example

| really like includingan example because it can help people understand the model. Inthis particular
chapter, it would be very useful if you actually complete the sample calculation. Provide the reader with
atable of inputvalues (actual fuel values and then presumably the Zvalues for each parameter
calculated usingthe parameters Table 2-- my understandingis the Zvalues are whatis actually usedin
the model) and the numerical value of what the model predicts. Havingthe answer will allow the reader
to verify that they understand how to use the model. | would encourage EPA to include this sort of
calculationin each of the documents.

There are few placesinreport where the textis notcomplete e.g. “add referenceto evap report”
“ChapterX.X"”
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