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TO: Kent Helmer, Connie Hart, U.S. Environmental Protection Agency, Office of 

Transportation and Air Quality (OTAQ) 

FROM: Brian Menard, SRA International 
 
DATE:  March 2, 2012 
 
SUBJECT: Peer Review of Estimates of the Fraction of the Fleet with High Evaporative Emissions 

based on the Ken Caryl Station (Denver, Colorado) Field Study (High Evaporative 
Emissions Field Study), prepared by Eastern Research Group, Inc. 

 
 

1. Background 
 
Gasoline vehicles have evaporative emissions control systems that control excessive evaporative 
emissions.  Gasoline vapors can also be evaporated liquid gasoline, if liquid leaks are present.  When 
these systems or the vehicle’s gasoline delivery system malfunction, excessive evaporative emissions 
can be emitted.  Few estimates of the frequency of vehicles in just such a state in the fleet exist, though 
vapor leaks can have an impact on the inventory of vehicle emissions. 
 
As part of the effort to quantify evaporative emissions from the fleet of gasoline-powered on-road 
vehicles in the developing MOVES mobile sources inventory model, EPA would like to know the 
distribution of the mal-functioning, or leaking evaporative emissions control systems across all vehicles 
in the fleet. Evaporative emissions occur in light-duty vehicles when volatile components of gasoline are 
emitted or when raw gasoline leaks from the fuel system and the evaporative emissions control system.  
To meet the evaporative emissions modeling needs of the MOVES model, EPA and its stakeholders have 
conducted studies.  
 
The Coordinating Research Council (CRC) - Real World Group through its E-77 and E-77-2 permeation 
evaporative emission testing programs has confirmed that leaks, both liquid and vapor, can be a 
significant part of any fleet hydrocarbon inventory.  The program implanted leaks of the minimum 
detectable diameter of the OBD systems, 0.020”. Orders of magnitude higher emissions were seen than 
a properly operating vehicle, indicating a major impact for inventory, and establishing the need to define 
the rate of occurrence of “leakers” in the in-use fleet.  The missing piece of information is how often the 
leaking vehicles are occurring.  Subsequent laboratory testing in the E-77-2c program implanted similar 
size leaks, not only at the gas cap but in other locations which were indicated as high occurrence in the 
initial field testing work.  EPA’s initial estimate was that “High Evaps” make up on the order of 1% of the 
gasoline-fueled vehicles in the fleet but there has been evidence that this was lower than what is 
occurring in the real world.  This report uses Colorado evaporative emissions field data collected at I/M 
stations to estimate the fractions of various levels of high evaporative emission vehicles in the mix of 
vehicles that patronized the Denver Ken Caryl I/M station during the summer of 2009.  Ultimately, EPA 
would like to know the distribution of the mass of evaporative emissions across all vehicles in the fleet. 
 
The study performed at the Ken Caryl IM station in Denver, Colorado, Estimates of the Fraction of the 
Fleet with High Evaporative Emissions based on the Ken Caryl Station (Denver, Colorado) Field Study 
(High Evaporative Emissions Field Study), built upon the prior CRC/EPA testing experience. Vehicles 
entering the Ken Caryl station driveway were screened by an RSD unit using an evaporative index 
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described as EI23. A stratified sample of model year 1961 and newer vehicles were offered participation 
in intensive evaporative emissions testing, which consisted of the portable sealed housing for 
evaporative determination (PSHED) hot-soak test, the visual, olfactory, and electronic HC detector 
examination of the vehicle (MCM test) and additional RSD measurements.  Overall, the study reinforced 
an earlier connection seen between RSD and portable SHED values for real-world light-duty gasoline 
vehicles with testing of a wider range of model years and RSD vehicle speeds. 
 
The objective of the High Evaporative Emissions Field Study is to estimate the fraction of vehicles in the 
Denver fleet with high evaporative emissions, based on PSHED measurements obtained during summer 
of 2009, and ultimately project these rates onto the Federal fleet. This estimate can be generated by 
appropriately weighting measurements by their sampling fractions, assigned on the basis of remote 
sensing measurements obtained when vehicles entered the Ken Caryl Station during the study period. 
The CRC E-77 and E-77-2 studies and the Lipan (Colorado) I/M Station studies all preceded the Ken Caryl 
study, which provides the background and data for this report.  
 
From the vehicle selection and testing at Ken Caryl, two data sets are used to perform this analysis. The 
first is the set of 175 vehicles that were participants in the study and therefore received RSD 
measurements and portable SHED measurements. The second is the set of all 5830 vehicles that entered 
the station driveway during the study and represent the fleet of vehicles that patronize Ken Caryl.  Most 
of these vehicles were not participants in the study and these therefore have only RSD measurements 
but no portable SHED measurements. The portable SHED values of the 175 participants were re-
weighted using the RSD index to estimate the distribution of portable SHED values of the 5830 vehicles 
that entered Ken Caryl during the study period.  The results give an estimate of the fraction of “high” 
portable SHED vehicles for different definitions of a high portable SHED result. 
 
The RSD and portable SHED results on the 175-vehicle stratified sample of vehicles entering Ken Caryl 
were used to establish a relationship between the EI23 evaporative emissions index and hot-soak 
emissions as measured by the portable SHED test.  This relationship was then applied to the 5830-
vehicle random set, which is made up of most vehicles that entered the I/M station driveway during the 
study period.  Standard re-weighting techniques are used to estimate the fraction of the Ken Caryl fleet 
that is expected to have portable SHED results greater than various definitions of a high portable SHED 
value, “cutpoint”.  The de-stratification technique is also applied to the Ken Caryl fleet as a function of 
model year group. A Monte Carlo simulation provides a means of estimating the influence of various 
uncertainties in the Ken Caryl data on the uncertainty of the calculated high portable SHED result 
fraction. An estimate of the uncertainty is critical to understanding the quality of the results of a 
calculated high portable SHED value fraction. This, in turn, provides important guidance to EPA for using 
the results of the calculations for MOVES.   
 
EPA sought an expert peer review of the High Evaporative Emissions Field Study, including reviewers’ 
opinion on the appropriateness of the statistical techniques described in the report and their 
appropriateness in the context of any data accuracy/quality issues.  This report documents the peer 
review.  Section 2 of this memorandum describes the process for selecting reviewers, administering the 
review process, and closing the peer review.  Section 3 summarizes reviewer comments according to the 
series of specific questions set forth in the peer review charge.  The appendices to the memorandum 
contain the peer reviewers’ resumes, completed conflict of interest and bias questionnaires for each 
reviewer, and the peer review charge letter.     
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2. Description of Review Process 
 
In October 2011, OTAQ contacted SRA International to facilitate the peer review of the High Evaporative 
Emissions Field Study.  EPA provided SRA with a short list of subject matter experts from academia, 
consulting, and industry to serve as a “starting point” from which to assemble a list of peer reviewer 
candidates.  SRA selected three independent (as defined in Sections 1.2.6 and 1.2.7 of EPA’s Peer Review 
Handbook, Third Edition) subject matter experts to conduct the requested reviews.  SRA selected subject 
matter experts familiar with statistical analysis and vehicle emissions.  To ensure the independence and 
impartiality of the peer review, SRA was solely responsible for selecting the peer review panel.  
Appendix A of this report contains the resumes of the three peer reviewers.  A crucial element in 
selecting peer reviewers was to determine whether reviewers had any actual or perceived conflicts of 
interest or bias that might prevent them from conducting a fair and impartial review of the High 
Evaporative Emissions Field Study.  SRA required each reviewer to complete and sign a conflict of 
interest and bias questionnaire.  Appendix B of this report contains an explanation of the process and 
standards for judging conflict and bias along with copies of each reviewer’s signed questionnaire.  
 
SRA provided the reviewers a copy of the most recent version of the High Evaporative Emissions Field 
Study as well as the peer review charge containing specific questions EPA asked the reviewers to 
address.  Appendix C of this report contains the memo to reviewers from SRA with the peer review 
charge. 
  
SRA delivered the final review comments to EPA by the requested date.  These reviews, contained in 
Appendix D of this report, included the reviewers’ response to the specific charge questions and any 
additional comments they might have had. 
 

3. Compilation of Review Comments 
 
The High Evaporative Emissions Field Study was reviewed by Dr. H. Christopher Frey (North Carolina 
State University), Dr. Eric Fujita, (Desert Research Institute), and Mr. Keith Knoll (Czero).  Appendix A 
contains detailed resumes for each of the reviewers.  This section provides a compilation of their 
comments.  The complete comments of the three reviewers may be found in Appendix D.   
 
The reviewers were asked on the basis of their work experience and expertise to comment on the 
methodologies, analysis, conclusions, and narrative of the High Evaporative Emissions Field Study.  They 
brought a range of statistical and scientific skills to this process, as is reflected in their varying focuses in 
commenting on the report.  The reviewers were in general agreement as to the importance of the field 
study and the significance of its results.  Notwithstanding this, some of the reviewers were more critical 
than others in their comments about the quality and organization of the written report.  Two reviewers 
provided suggestions for editing and reorganizing the report, with one providing substantial edits and 
suggesting a thorough rewriting and technical editing of the report.  The comments in this compilation 
have been categorized as specific technical, general, and editorial.   
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3.1 Specific Technical Comments 
 
Frey:  [1] There are some fundamental questions related to this work that should be part of the 

objectives and that should be addressed in the technical results and conclusions: 
 

1. Is PSHED a good surrogate for SHED? 
2. Can an RSD, if appropriately interpreted, be a good surrogate for a PSHED 

measurement? 
 
The first question presumes that SHED is the reference method to which all other methods 
should be compared.  What, however, is really measured in a SHED measurement?  There are 
many evaporative processes.  Some, such as refueling, are not addressed by SHED.  Which 
processes are addressed? 
 
In what ways are PSHED measurements similar to those of SHED measurements, and in what 
ways do they differ?  Is PSHED effectively just as good as SHED? 
 
What kinds of evaporative processes can be measured using RSD?  There is an unstated 
hypothesis in this report that RSD measurements can provide information on evaporative 
emissions in a manner comparable to that of PSHED, if only the RSD measurement is 
appropriate interpreted.  What is the basis for this hypothesis?  What evaporative processes 
affect the quantity of HC that is detected by remote sensing?  If there was no error in the 
measurement, would strong concordance be expected between RSD and PSHED?  If so, why?  
A clearer statement of hypothesis and the theoretical underpinning for it would be helpful 
when interpreting results. 

 
[2] Over the years, EPA has been criticized for making public policy and developing modeling 
tools to support public policy that are based on proprietary data and methods.  The use of 
proprietary methods precludes a full understanding and review of the underlying science.  A 
case in point are the “Method A” and “Method B” exhaust plume analysis methods associated 
with the ESP remote sensing instrumentation.  Since the distinction between Method A and 
Method B appears to be an important technical consideration in this study, the lack of 
disclosure of what these methods are is unacceptable.   
 
[3] The purpose of the report is to estimate, not develop, fractions of various levels of high 
evaporative emissions.  However, nowhere is any justification or rationale given as to why this 
report is focusing on the Denver fleet.  Since Denver is at high altitude, and barometric 
pressure is a factor in evaporation, it is not clear that data from Denver would be 
representative of other parts of the U.S. 
 
[4] What is the purpose of “stratification.”?  Why is achieving stratification a goal in itself?  
E.g., page 4-3, “to achieve stratification, a higher fraction of vehicles…”  The reader can 
eventually figure this out, but why can’t the authors communicate this more clearly?  The 
purpose seems to be to evaluate a screening procedure for identifying vehicles with high 
evaporative emissions rates, but what about goals for false positives or false negatives? 
 
[5] Is it literally the case that six RSDs were used?  i.e., six remote sensing devices at six 
locations?  Or were the two highway “RSDs” based on repeated passes by the same RSD?  The 
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authors need to stop using the term “RSD” to refer to a measurement.  RSD = Remote Sensing 
Device and refers to an instrument.  A measurement made using an RSD could be described as 
a remote sensing measurement.  What is an RSD beam block?  This is shop jargon (I know 
what it means, but most readers won’t). 
 
[6] What is the ‘standard I/M inspection’ – for those of us not from Denver, please explain 
what this is.  Also, explain the “Modified California Method” – both of these should be 
documented in the new methods chapter that needs to be written.  Who does the olfactory 
examination?  What is an ‘electronic HC sniffer”?  Is this relevant to the report?  If not, then 
delete mention of these. 
 
[7] Page 4-4:  Method A was used on ESP 4000 and 4600 instruments, and Method B was used 
on ESP3000 series instruments.  Yet, results for both Methods A and B are reported in Table 4-
2.  Were two RSD instruments used at each RSD site?  Or were both Methods A and B applied 
to the same data measured from just one RSD instrument at each site?  At the end of the 
paragraph is it mentioned that ‘code’ was ‘added’ to the 4000 and 4600 series instruments – it 
would have helped if this was mentioned up front, and if there was  a prior section that more 
clearly disclosed the study design in terms of what instruments were deployed at what 
locations and what the vehicle path was through each RSD site.  It would help if this text were 
reorganized so that there was an intro paragraph, one paragraph on Method A, one paragraph 
on Method B, and then a paragraph that compares Methods A and B.  Are the CO, NO, and 
CO2 results shown in Table 4-2 based on Method B?  The distinction between Methods A and 
B with respect to how they deal with exhaust versus evaporative concentrations of HC is not 
clear.  To merely state that “ESP believes” that one method is responsive to exhaust and 
another is not is quite tenuous. 
 
[8] Page 4-4 (bottom):  regression toward the mean…. This is stated as if it is an underlying 
principle in a rather didactic manner, but the actual concept is poorly explained here.  A 
measurement is biased if it is systematically high or systematically low.  If the error is 
randomly distributed with a mean of zero, then the measurement is subject to random error, 
not bias.  The random error can lead to false positives or false negatives if used in the context 
of a binary decision (e.g., vehicle is a high emitter).  This context is not clearly articulated.  
False positives or false negatives are not necessarily a result of bias, but rather a result of 
imprecision (random error).  The discussion here of bias is thus without sufficient context and 
therefore is unclear.  
 
[9] What role does ambient temperature have in contributing to variability in estimated 
evaporative emissions based on RSD measurements?  Since the “Temperature” in Table 4-2 
(ambient temperature at the time of each RSD measurement?) differs from the PSHED “Seal 
Temperature”, what role might this have in confounding the results? 
 
[10] Table 4-2:  what is the meaning of negative values for HC Method A (ppmC 3) and how 
are these interpreted?  Table 4-2 values of CO2 percent appear to be what one would expect 
in the tailpipe, but this cannot be what was actually measured in the exhaust plume.  How is 
the air-to-fuel ratio inferred, or is it assumed to be stoichiometric?  Some discussion is 
needed.  The text barely alludes to this.  More detail is needed in a methods chapter. Is RSD 
temperature the ambient temperature at the date and time of the measurement?   
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[11] The quantity in Figure 4-1 labeled as “RSD EI23” needs to be clearly defined.  Is this based 
on any numbers given in Table 4-2?  Which specific column of Table 4-2 is “RSD EI23”?  Which 
specific column of Table 4-2 is “PSHED Mass (g/Qhr)”?  Presumably, “Measured PSHED HC at 
15 Minute Soak (grams)” in Table 4-2 is the same as “PSHED Mass (g/Qhr)”.  However, use 
consistent terminology in both places to avoid ambiguity.  The EI23 values need to be added 
to Table 4-2. 
 
[12] Page 4-22:  what role does ambient temperature have in the estimation of EI23?  The RSD 
measurements are made at ambient temperature.  Evaporative emissions are proportional to 
ambient temperature (something that needs to be introduced and discussed in a background 
or methodology section of this report).  Is the EI23 metric less responsive to evaporative 
emissions at lower ambient temperature?  Speed is not the only factor that affects inference 
of evaporative emissions.   
 
[13] Page 4-23:  Why is model year important?  Earlier, a note was made that model year was 
not part of the EI23 binning method. 
 
[14] If there are multiple EI23 bin values available for some vehicles, these data should be 
analyzed separately to determine the robustness with which a vehicle is assigned to an EI23 
bin.  Ambiguity in assignment to an EI23 bin would be a significant factor to consider in 
evaluating the usefulness of this method. 
 
[15] Table 4-5.  The table is actually of EI23 bins and model year groups, not screening remote 
sensing measurements.  Thus, the caption is not consistent with the content of the table. 
 
[16] Page 4-25: The terms sample and population in the Appendix B need some careful re-
thinking or at least more clear definition.  Here, the term ‘population’ is implied to describe 
the total sample of 5,830 vehicles (which is actually a sample from a larger fleet).  That is okay, 
but at least be clear as to the meaning of the term ‘population’ as used in Appendix B.  Wh is 
the fraction of the population of vehicles that fall into each EI23 bin.  It is not clear as to the 
definition of “n” in Appendix B – is this the total number of vehicles in the ‘population’?  (i.e. 

n=5830?).  L=7 (could be stated clearly).  The term h is not clearly defined in appendix B in 
terms of other variables.  Is this the standard error of the fraction of elevated measurements 
in each strata?  Appendix B does not actually show how one estimates the estimated fraction 
of the population that is above the threshold.  How was the value 0.127 estimated?  This 
appears to the product phWh summed over all h.   Based on the numbers given in Table 4-6, 
over 75% of the estimated ‘elevated PSHEDs’ (a sloppy term) are from Bins 1-4, which account 
for over 96% of the ‘population.’ 
 
[17] Table 4-8.  It is not very clear as to what variable is implied by “High-PSHED Fraction…”  is 
this based on ph and Wh defined in some different way compared to Table 4-6? 
 
[18] The assumption of the EI23 bins is that they are bins of EI23 values.  Since no assumption 
is made regarding model year, it is not really correct to imply that if there is a dependency on 
a model year that somehow the use of EI23 is inherently inappropriate.  It could be that the 
fraction of vehicles with high PSHEDs measurements is correlated with EI23 and with model 
year, but that does not imply that EI23 would not be a useful indicator.  Whether EI23 is a 
useful indicator can be determined with or without consideration of model year.  In fact, if 
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EI23 has a trend with respect to model year that is consistent with the trend with respect to 
PSHED measurements, then there might be increased confidence in the utility of EI23 as an 
indicator. 
 
[19] Section 4.5:  the discussion here suffers from a conceptual problem related to not clearly 
defining what is meant by “uncertainty.”  The term uncertainty is used inappropriately as if it 
refers only to imprecision, and the notion of bias is discussed as if it distinct from 
“uncertainty.”  Uncertainty refers to lack of knowledge regarding the true value of a quantity, 
and includes both random and systematic sources of error.  Random error is imprecision.  
Systematic error is bias and also known as lack of accuracy.  Thus, bias is a component of 
uncertainty, not distinct from it. 
 
[20] Uncertainties associated with small sample size are typically quantified based on random 
sampling error.  The discussion of the role of ‘chance alone’ is inappropriate as written.  
Perhaps the intended statement is that if a different random sample of vehicles had been 
selected, the number of vehicles with PSHED measurements greater than 2  g/Qhr might have 
been different from the 2 that were observed in the available sample.  Because the fraction of 
vehicles with PSHED measurements greater than 2 g/Qhr is based on a sample, there is 
‘sampling error’ in the estimate.  If the sample is assumed to be random, then the error of the 
estimate can be estimated based on sampling distributions of the statistics (a statistic is a 
quantity estimated from a sample).  The errors shown in Table 4-11 are of unclear basis.  For 
example, the ‘size of error for ‘high PSHED Definition’ of 2 is given as 0.025.  There should be 
more detail on how this number was estimated, based on the data given in Table 4.6. 
 
[21] PSHED measurement error should be more clearly discussed.  The text refers to ‘two 
parts’ but really only one ‘measurement error’ is actually addressed.  Measurement error 
typically refers to the imprecision and bias of the measurement method itself.  Propane 
retention and recovery tests are an incomplete indicator of the imprecision and bias of the 
PSHED method, because actual evaporative emissions are not pure propane.  Variability in hot 
soak emissions is a measurement error only in the context of attempting to assess the 
repeatability of measurements of the same vehicle under the same conditions.  However, it is 
not clear that such an experiment has actually been done.  If there are underlying differences 
in the state or condition of the vehicle, then the variability in the measurements is not 
because of the measurement method itself but because of the state of the vehicle being 
measured.  The concept of repeatability of the measurement should be discussed in a 
separate paragraph or subsection.  If the repeatability is only -50% to +200%, then there is 
significant question as to the usefulness of any kind of PSHED test when compared to a 
‘brightline’ threshold that is a point value. 
 
[22] The discussion of detection limit and how it was inferred is difficult to follow.  First, it 
would help to define what is meant by detection limit.  It is not clear how a detection limit can 
be inferred by making a measurement on a vehicle or any sample for which it is not known as 
to whether the HC concentration is actually zero.  Why not use a ‘zero’ calibration gas that 
contains 0 ppm of HC?  A baseline before a vehicle enters the PSHED does not guarantee that 
actual concentration was 0 ppm of HC.  However, it does provide a background level.  
However, the text does not discuss what is background or the role of background in making 
measurements.   
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[23] Page 4-32:  the analysis of duplicate EI23 measurements is quite important, and the text 
refers to Appendix A.  Appendix A is very poorly written and very unclear.  It is not apparent 
that there are any data regarding the duplicate EI23 values in the main body of this report or 
in the appendix.  The data and findings from these data should be disclosed. 
 
[24] The rational for the bias in the EI23 values and the implication that it would ‘tend to 
elevate the high-PSHED fraction’ needs to be more clearly articulated. 
 
[25] Page 4-33:  the apparent confusion regarding detection limit and background level is 
evident in the second paragraph on this page.  One does not subtract a detection limit from a 
measured value to impute an unbiased estimate.  This would be done only for a background 
level.  However, if the background is negligible compared to the measurement, this will have 
little effect on the results. 
 
[26] The discussion of a possible Monte Carlo simulation is so vague that it hardly merits being 
in this report.  Unless the authors can clearly define terms and propose a meaningful 
algorithm, the recommendation for future Monte Carlo simulation could be stated briefly, 
with further development left to those competent to conduct such an analysis. 

 
Fujita:  [1] While the EI23 evaporative index would be useful for identifying gross evaporative HC 

emitters, its ability to estimate fractions of high evaporative emissions within various levels of 
evaporative emission other than the top end of the distribution seems limited. 
 
[2]Conversion of EI23 measurements to Bins provides what appears to be clearer summary of 
the distribution of EI23 values by PSHED-equivalent running loss levels. As I understand this 
procedure, this classification assigns the estimated evaporative indices into bins with width 
that each corresponds to one standard deviation of the variability of a single EI23 
measurement (after accounting for the effects of the exhaust HC emissions on EI23). The EI23 
Bins are then associated with probabilities of exceeding various threshold PSHED hot-soak 
emission levels. This approach allows the association to be made without regard to the quality 
of the correlation between EI23 and PSHED hot-soak levels, which we know is poor. EI23 
values in at least the first three EI23 Bins (with PSHED thresholds of greater than 1, 2 and 5 
g/Qhr) are probably below the method limit of detection and are really random noise. If so, 
there is about equal chance that any of the EI23 values in the first three Bins has a 
corresponding PSHED above the threshold. Therefore, it is not unexpected that fractions of 
elevated PSHED in Table 4-6 are about the same for Bins 1 (6.7%), 2 (7.6%) and 3 (9.6%). These 
fractions are likely not valid given the measurement sensitivity. If 20g/Qhr is a reasonable 
level where the corresponding EI23 values become reliable, then the distribution shown in 
Table 4-4 for this High PSHED definition is valid for all EI23 Bins. The fractions are progressive 
less reliable for the lower EI23 Bins at lower thresholds values.  

I believe the net result is an overestimation of the fractions of elevated PSHEDS in the lower 
Bins. Products of these fractions with the proportionally larger numbers of vehicles in these 
bins for the Random fleet will result in larger fractions of elevated PSHEDs in the larger fleet of 
vehicles. For example, results of the de-stratification calculations in Table 4-6 shows that 
12.7% of the 5830 vehicles in the random sample are estimated to have corresponding high-
PSHEDs defined as greater than 2 g/Qhr. If the first three Bins are counted as zero, then this 
fraction drops to 5.5%. Also dropping Bins 4 and both 4 and 5 reduces the fraction to 2.9% and 
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1.6%, respectively. The more appropriate fraction is likely between 1.6 to 5.5% rather than 
12.7%. 
 
[3] It should also be noted that the distributions are presented without quantitative estimate 
of uncertainty and bias that are inherent in the study approach. In addition to the poor limits 
of detection of RSD evaporative index, the following sources of uncertainty and bias were not 
assessed in the report.          

 The distributions are based on static SHED 15-minute hot-soaks and do not include 
diurnal evaporative emissions and may not fully account for all running emissions.  

 The residual hydrocarbon signal in the RSD measurements in excess of the regression 
line of HC with CO2 results is a crude measure of the diluted mixture of evaporative 
emissions from fuel permeation, vaporize fuel leaks, and fuel system venting during 
vehicle operation. Unlike exhaust pollutant, there are no tracers for evaporative HC 
emissions to account for dispersion rate of emissions. 

 Replicate LSHED and PSHED tests have large variability. Section 4.5 does not address the 
significance of the large variability of replicate SHED tests to distribution of fractions of 
“high evaps” at various definitions. 

 
[4] Ambient temperature was not included as a variable in the study design and PSHED and 
replicate RSD measurements were all made within a short time at about the same 
temperature. The test sets within each EI23 Bin were conducted at ambient temperature 
spanning a range of up to about 30oC. Evaporative emissions are known to increase with 
ambient temperature with doubling of permeation for 10oC rise in temperature. This likely 
would not be issue if ambient temperature was a random variable in the study and test sets 
within each bin had similar random distribution of temperature. Was this checked? The 
potential bias due to differences in temperature would be minimal for the high emitter bins, 
but may be more important for the other bins. 
 
[5] Most vehicles in Bins 6 and 7 had high exhaust HC emissions, which can contribute to the 
estimated evaporative emissions. The report asserts that this positive interference is mitigated 
by the binning procedure. From the relevant discussion in Appendix A, it is difficult to 
determine the significant of the positive interference or the effective of the binning 
procedure. 
 
[6] P. 1-2, line 5. Are there plans for follow-on uncertainty analysis that can be described 
here? 
 
[7] P. 2-2, second full paragraph: Describe briefly the evidence, with appropriate references, 
that previous estimate of “high evaps” were lower that what is occurring in the real world.  
 
[8] P. 3-14, last sentence: Meaning is unclear. Why would large variability of PSHED hot-soaks 
itself result in overestimation of fraction of vehicles with high hot-soak emissions? 
 
[9] P. 4-25, Table 4-6: What is the basis for Sh in the calculation of standard error  of the 
fraction of elevated PSHEDs? What are the sources of the values used in calculating the 
standard deviation? 
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[10] P. 4-30, Table 4-10. Unless there is good reason for using natural log, give estimated error 
for column 2 in units of g/Qhr.  
 
[11] P. A-1, item i): Residual rather than N? 

 
Knoll:  [1] [Section 3] It would be useful to provide some further explanation regarding HE-3555 

evaporative emissions behavior. Why did these emissions continue to increase with time? 
Was the evaporative purge system on the vehicle evaluated for proper functionality? Was any 
testing done to identify root cause? 
 
[2] The first bullet point under Summary of LSHED and PSHED states that vehicles with low 
hot-soak values have PSHED and LSHED results that “are very similar”. I think this statement is 
misleading and may not be correct. The similar scatter shown by the data across three orders 
of magnitude on a log-log plot suggests that variation at low values was indeed less than at 
high values. But it is not clear that the data could be considered nearly the same. This 
assertion requires further justification from the data analysis.  

 
[3] The last paragraph in . . . section [3] providing relevance to the on-road fleet requires 
clarification, further explanation and a review of the underlying assumptions. I believe the 
author is saying that because there is high scatter and a small number of samples available, 
the upper bound on extrapolating this data to the on-road fleet is necessarily high; higher 
than it would be if there were either a larger number of sample or a smaller variation in the 
data. If this is his message, it needs to be stated more clearly and with a more definitive 
confidence level. Also, is a normal distribution being assumed? If so, state it and explain why 
such an assumption is valid. If not, then what distribution is assumed and why?  
 
[4] Paragraph 2 of Section 4: The last sentence of this paragraph suggests that two influence 
factors complicate extrapolation of the Ken Caryl dataset to the Denver-wide fleet. What 
exactly those two reasons are, however, is not clear from the paragraph text. My 
interpretation is summarized in the following bullets. Text of the paragraph should more 
clearly support the thesis statement given at the end of the paragraph.  
 

 The sample of vehicles that visit I/M stations likely has higher emissions than the fleet 
at-large. The Denver-wide “clean screening” program exempts about 40% of registered 
vehicles based on low RSD readings. Consequently, the 60% of vehicles that go to I/M 
stations are the higher emitting fraction of the total Denver fleet. Using this sample 
population for emissions projection to the Denver-side fleet will likely skew the overall 
population estimate. However, there is no reason to believe that high tailpipe emissions 
vehicles are necessarily correlated with high evaporative emissions vehicles. So the real 
effect of this bias is not clear.  

 The Ken Caryl I/M station is located in a higher income part of Denver. Consequently, 
the population of vehicles visiting this I/M station is likely to comprise newer and 
therefor cleaner vehicles than the Denver fleet as a whole. As far as I can tell, this bias 
has no mitigating factors.  

 
[5] Accurate application of the Monte Carlo simulation method assumes a random distribution 
and a large number of samples. This paragraph should include a statement regarding the 
limitations of this method for analyzing the current dataset. The author does provide later in 
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this report adequate justification that the sample population truly is random. This was well 
thought-out and well reported. Including some statement in this paragraph, however, would 
be helpful. I do not believe the author addressed the limitation of population size. This 
limitation should be mentioned here. Some comment regarding the potential impacts of this 
limitation should also be stated.  
 
[6] In Section 4.4, Table 4-6: It is not clear how the fourth and fifth columns are calculated 
from columns 2 and 3. This should be explained. 
 
[7] [S]ection [5] of the report  

 

 goes on to discuss additional data that is now available for further investigation. 
Limitations of the additional data are also identified. For example, the PSHED data from 
Summer 2010 are identified as not being selected using a stratified random design. As 
such, these data are not suitable to the Denver-wide fleet. 

 leaves the estimation of the high-PSHED fraction of the Denver-wide fleet incomplete. 
No estimation is provided because the data are identified as inadequate. 

 provides no basis for extrapolating the results obtained to an estimate of the 
nationwide fleet as is needed by EPA. For EPA to apply this dataset to the nationwide 
fleet (via MOVES), additional justification would be necessary. 

 

3.2 General Comments 
 
Each of the reviewers provided general comments on the High Evaporative Emissions Field Study.  
Among these general comments were evaluations of the report’s strengths, suggestions for improving 
and strengthening certain of its elements, and queries for further information. 
 
Frey:  [1] What is the main contribution of this report?  What are the key limitations?  What 

additional work is needed?   If the purpose is to estimate the fraction of vehicles with 
evaporative emissions exceeding a threshold, the method described in this report using EI23 
Bins and a ‘stratification’ approach may be reasonable; however, the uncertainty in the 
estimates made using this method are unknown.  Such uncertainties should be estimated as 
the next step.  Without quantification of uncertainty, the utility of this approach is unclear. 
 
[2] Some key issues that should be addressed in the conclusions: 
 

 Is PSHED a useful surrogate for SHED? 

 Can RSD measurements, if appropriately interpreted, provide an indicator of 
evaporative emissions? 

 Is EI23 a useful indicator? 

 Are the trends in the results for high evaporative emissions fractions in the vehicle fleet 
consistent with model year?  What results developed here provide some confidence 
that EI23 is operationally useful? 

 What are limitations of EI23?  What other indicators should be explored? 

 What uncertainties have been quantified?  What uncertainties have not yet been 
quantified? 
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 Need for further evaluation of uncertainties prior to making a decision on acceptance of 
this approach? 

 Application of this or other approaches to fleets that are more representative of the U.S. 
fleet. 

 Others? 
 
Fujita:  [1] The experimental approach and methods are adequately documented in the report and 

accompanying background document. Presentation of the results, including tables and figures, 
are generally clear except as noted . . .  

 
[2] P. 4-24, 1st paragraph, last sentence: Are the quantifications of uncertainties and bias part 
of a follow-up report? When is this expected? 

 
Knoll:  [1] The analysis relating RSD measurements to SHED results appears valid and well thought 

out. Uncertainties were investigated and sensitivity analyses were conducted. Use of RSD 
appears to provide considerable promise for determining high evaporative emissions vehicles 
from the in-use fleet.  

 
[2] The limited set of vehicles (175 total) that received both RSD and PSHED measurements 
was used to develop a correlation between RSD readings and measured evaporative 
emissions. This correlation was applied to the larger set of vehicles (5830 total) that visited the 
Ken Caryl I/M station during the summer of 2009. In this way, an estimate was made of the 
percent of vehicles visiting Ken Caryl over the study period that had high evaporative 
emissions. This projection was well justified based on results presented in the report. 
Speculation was also made regarding projecting these results to the Denver-wide fleet. 
Limitations associated with such a broad projection were given. Specifically it was noted that 
the existing dataset from the Ken Caryl I/M station was limited in relevance to the Denver-
wide fleet for two reasons: 1) Colorado exempts about 40% of all registered vehicles from I/M 
inspection based on RSD measurements and 2) the Ken Caryl I/M stations is located in an 
affluent section of the Denver metro area. The first caveat means that the study sample (5830 
vehicles) is likely to contain a disproportionate percentage of vehicles with high emissions – 
either evaporative or tailpipe. As such, the study sample is likely to be biased towards those 
vehicles with high evaporative emissions and is therefore not a random representation of the 
Denver fleet. The second caveat means that the study sample is likely to be composed of 
newer, properly functioning vehicles. Again, this introduces a bias in the database preventing 
it from being a random representation of the Denver fleet. Speculation was also made 
regarding projecting these limited results to the nationwide fleet. Limitations associated with 
this larger projection were not discussed. 

 

3.3 Editorial Comments 
 
Each of the reviewers in varying degrees assessed the narrative of the report and suggested 
improvements for accuracy, clarity, and consistency.  One of the reviewers undertook a thorough 
critique of the report in this regard, providing significant editorial suggestions and stressing the need for 
a thorough re-organization, rewrite, and technical.  To this end, all of the reviewers highlighted 
typographical and formatting errors, incorrect word choice, and omissions, including missing references. 
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3.3.1 Drafting and Technical Edit of the Report 
 
Frey:  [1] The review of this report was significantly hampered by the very poor quality of the report 

organization and writing. 
 
A key question when writing any report is:  Who is the intended audience for this report?  The 
intended audience should include all stakeholders of the MOVES model, since this effort 
appears to be aimed at providing a technical basis for quantification of the fraction of the on-
road fleet that has high evaporative emissions rates.  However, as written, the report is aimed 
at fellow technicians who are familiar with the undefined shop jargon used by the authors.  
This report contains repeated sloppy use of jargon that may be meaningful to the report 
authors, but that make the report difficult to read by anyone else.  Table 1 is a list of terms 
that are introduced in the text without definition, without adequate definition, or that should 
be introduced, defined, and used in the text.  The list of terms in Table 1 should be used to 
construct a glossary for this report.  When a term is first used in the text, it should be defined 
in the text. 
 
Table 1.  Terms Introduced in Draft Report Without Definition or Explanation:  these terms 
should be defined/explained when first mentioned.  A glossary of these terms with definitions 
should also be created. 
 

Terms that Need to be Defined Comment 

Aging enhanced evaporative emissions 
vehicles 

?  given lack of definition of ‘aging,’ and 
‘enhanced,’ the meaning of this is unclear to the 
readers. 

Aging enhanced vehicles Undefined.  Explain this. 

Approximate algorithm No idea what this means.  Needs to be explained. 

As-received condition Should explain what this means. 

Beam block This is shop jargon.  The intended meaning seems 
to be exhaust plume measurement.  Needs to be 
defined/explained when first used. 

Bench purged Presumably, this implies that the canister was 
removed from the vehicle and purged (how) on a 
lab bench.  Needs more explanation for clarity. 

Bias (systematic error, inaccuracy) See comments 

Bin de-stratification De-stratification with respect to what?  How? 

De-stratify (and de-stratifications) This term is used without definition. Not clear what 
this is. 

Detection limit Mentioned on p 4-31 but not defined. 

(cont.) 



Page 16 

 

Terms that Need to be Defined Comment 

EI23 Mentioned numerous times without any 
explanation 

EI23 Bins Define when first mentioned.  Introduce in a new 
methodology chapter prior to using this term in 
results chapters 

Electronic HC sniffer Is this relevant to the content of the report?  If not, 
delete.  If so, then explain. 

ESP ?  Seems to be the name of a company. ESP, Inc.? 

Evaporative emissions canister Is this a canister that produces evaporative 
emissions?  Need to explain to the reader what this 
is.  A corresponding conceptual diagram of the 
source of evaporative emissions and methods for 
prevention and control of evaporative emissions 
would help in explaining what this (and other 
relevant vehicle systems or components) is. 

g/Qhr Is not defined until page 4-4, although it is used in 
earlier parts of the report. 

Gross liquid “leakers” Is there a quantitative definition of this, or at least 
a working definition?  Explain. 

HC As good practice any abbreviation should be 
defined when first used. 

high evaps This is shop jargon.  A formal technical report 
should have thoughtfully developed and carefully 
defined terminology. 

High running loss emissions What constitutes “high”?  by what criterion or 
criteria? 

High-PSHED, and “high-PSHED fraction” This term is shop jargon.  The intended meaning 
appears to be “vehicles with high evaporative 
emissions as measured using the Portable SHED 

Hot 505 This is undefined.  Presumably, this is a hot 
stabilized dyno test cycle.  If so, then give the 
graph of speed versus time and provide some 
explanation. 

Hot soak define 

(cont.) 
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Terms that Need to be Defined Comment 

IM Yes, most readers will know what this is, but as 
good practice any abbreviation should be defined 
when first used. 

Implanted leak Undefined.  Explain this.  Give an example. 

Index/PSHED This term is unclear 

Intrusive pressure test What is this? 

Ken Caryl Introduced as if the name of a person, this should 
be consistently termed “Ken Caryl IM Station” or 
something similarly descriptive (e.g., Caryl Station). 

leakers Is there a quantitative definition of this, or at least 
a working definition?  Explain. 

Low evap More shop jargon.  A formal technical report 
should have thoughtfully developed and carefully 
defined terminology. 

Low running loss emissions What constitutes “low”?  by what criterion or 
criteria? 

Method A Define.  Introduce in methods chapter. 

Method B Define.  Introduce in methods chapter. 

Modified California Method Define.  If not relevant to this report, delete. 

MOVES MOVES is mentioned but never introduced or 
explained. 

Near-zero vehicle Undefined.  Explain this 

Noise, noisy Used on page 4-31 without definition 

OBD code to flag I know what the authors are trying to say, but 
many readers will have no idea.  First, explain OBD 
and what is an OBD code.  Explain what is meant 
by ‘flag’. 

OBD evaporative codes What are these?  Needs to be explained 

Odometer Resolution What is the meaning of the codes given in Table 4-
1? 

ORVR ? 

Precision (imprecision) See comments 

(cont.) 



Page 18 

 

Terms that Need to be Defined Comment 

Pre-enhanced vehicles Undefined.  Explain this. 

Pretesting Page 4-2 

PSHED PSHED is defined on page 1-1 as “portable SHED”, 
but “SHED” is not defined. 

RSD The term RSD is used on page 1-1 without 
definition.   

RSD Method B This method should be introduced and explained in 
a methodology section of the report. 

Running loss emissions Define/explain 

Seal Barometric Pressure Table 4-2:  this term is undefined.  There needs to 
be a footnote to explain what this is. 

Seal Temperature (F) Table 4-2:  this term is undefined.  There needs to 
be a footnote to explain what this is. 

Selection RSD Mentioned on page 4-3.  An “RSD” is a 
measurement device, but the term “RSD” is used 
inappropriately to refer to a measurement of a 
specific vehicle.  The intended meaning of 
“Selection RSD” is “screening remote sensing 
measurement.”  The screening measurement is 
used to determine whether the vehicle will be 
recruited for addition RSD measurements and 
PSHED measurements. 

SHED Amazingly, SHED is not defined the first time it is 
mentioned, on page 1-1. 

Slow vapor leaks What is a “slow” leak?  Does this refer to a low 
emissions leak?  Of vapor?  Of evaporating liquid?  
Needs to be defined and explained. 

Standard de-stratification techniques ? undefined. 

Standard I/M inspection Explain.  Or, if not relevant, delete. 

Stratified sample  With respect to what?  This term needs to be 
explained when first used. 

Stratified set Explain in new methods chapter. 

Uncertainty Should be defined – see comments 

(cont.) 
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Terms that Need to be Defined Comment 

VDF Table 4-2:  this term is undefined.  There needs to 
be a footnote to explain what this is. 

VECI Engine Family Table 4-1.  needs to be defined in a footnote. 

VECI Evap Family Table 4-1.  needs to be defined in a footnote. 

 
[2] The report needs substantial copy editing by a competent technical writer.  For example, 
the report contains frequent use of the first person, which is inappropriate in formal technical 
writing.  In numerous places, statements of belief are made (e.g., “we believe”).  The reader 
does not care what the authors ‘believe.’  The reader cares about what is known and what is 
not known, and reasonable interpretations based on evidence.   The report contains 
numerous metaphors, which are inappropriate for formal technical writing.  For example, 
several times the authors describe what an instrument ‘sees.’   Aside from these problems 
there are numerous instances of unclear yet repetitive statements.  If a student had handed 
me this draft report, I would have read a few pages and then handed it back as unacceptable.    
 
As an example of poor writing, consider the last paragraph on page 4-2.   
 
What are ‘pretesting data’?  ‘All of that pretesting data was’ could simply be “These data 
were.”  “receive RSDs”  - this doesn’t make sense.  How does a vehicle receive a remote 
sensing device?  The intended meaning seems to be “were measured using remote 
sensing.”  Having read the appendix, I cannot figure out the basis for the statement 
“Analysis of the EI23 index…  “  “to allow the EI23 to be less dependent on an exhaust 
emissions, we developed EI23 Bin” is awkward – should be “To reduce dependence on 
exhaust emissions, EI23 Bins were developed.”  Do not use first person.  And so on.  Aside 
from the poor wording, the key technical concepts are unclear.  What are the 
dependences and how have they been inferred?  It is frustrating to the reader to be told 
to go elsewhere for definition of EI23 and EI23 Bin but to be provided with details based 
on knowing what these concepts are, such as “EI23 Bin has integer values of 1 through 
7…”  These concepts and terms should be defined, developed, explained, etc., in a 
methods chapter prior to producing results based on these.  The paragraph introduces, 
perhaps for the first time, the term “running loss emissions,” without definition.  If EI23 
Bin is central to the methods and interpretation, it is simply unacceptable to push it to an 
appendix and to give such short and uninformative treatment to it in the main body of the 
report. 

 
[3] Page 1-1.  The first sentence refers to ‘further developing’ something that has not yet been 
defined in this report.  Please, hire a technical editor and have them go through this report 
very carefully.  The first line is poorly written, and the report that follows is also very poorly 
written. 
 
[4] Page 1-2 “the real investigation in this study happens in…”  this kind of colloquial writing 
has no place in a formal technical report by what is supposed to be one of the top 
environmental engineering consulting firms in the country to the Federal agency charged with 
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quantifying and regulating air quality.  This report needs to be taken more seriously by the 
authors. 
 
[5] Background Chapter: this chapter is plagued with undefined jargon, lack of clarity of 
concepts, and is poorly organized.  It is very qualitative and vague and provides little to no 
insight on the topics being addressed.   

 
[6] “These two RSDs were measured on the same RSD instrument as the Selection RSDs.”  This 
sentence is extremely sloppy, using the term “RSD” where the concept of a ‘remote sensing 
measurement’ should be used instead. 
 
[7] How does a vehicle “receive” an “RSD”?  I have done measurements with an RSD, and I 
have never seen a vehicle receive an RSD. 
 
[8] Table 4-2:  terms PSHED and RSD in caption should be spelled out.  All nomenclature in 
column headers need to be properly defined – e.g., use footnotes. Is RSD temperature the 
ambient temperature at the date and time of the measurement?   

 
[9] Figure 4-1 needs better formatting.  Should use a much larger font size for the numbers on 
the axes, and consider using scientific notation rather than decimals if showing a log scale.  In 
the caption, spell out PSHED.  What is “RSD EI23”?   
 
[10] Table 4-3 is hardly a table and is not formatted well.  Add a row for percentages of total 
to help in the interpretation.  Please change the terminology – e.g., ‘Measurement RSDs” 
(should be Remote Sensing Measurements). 
 
[11] Table 4-4 the term “high PSHEDs” is unacceptable.  The intended meaning appears to be 
“high PSHED measurement”  “High-PSHED Definition” should be “High PSHED Measurement 
threshold” or criterion. 
 
[12] What is ‘de-stratifications’? 
 
[13] “these Selection RSDs can be used to de-stratify the stratified set and provide an estimate 
of the high-PSHED fraction of the fleet…”  given the lack of clear definition of these terms, and 
the sloppy use of terminology, this sentence is unclear. 
 
[14] ‘is not an unbiased’ – why not say ‘is a potentially biased’… positive statements are 
always more clear than negative statements. 
 
[15] Page 4-23:  “For the RSD to be useful…” should be ‘for the remote sensing measurement 
to be useful…” why is model year important?  Earlier, a note was made that model year was 
not part of the EI23 binning method. 
 
[16] Table 4-5.  [T]he term “Selection RSD” needs to be changed… e.g., “screening remote 
sensing measurement”?  But the table is actually of EI23 bins and model year groups, not 
screening remote sensing measurements.  Thus, the caption is not consistent with the content 
of the table. 
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[17] Page 4-24 “we will get started…”  might be okay for a presentation but this is not how a 
technical report should be worded.  Try reading aloud the first sentence of the last paragraph 
on page 4-24.  It needs to be rewritten.  Aside from being a run-on sentence, it is awkward, 
contains repetitive points and yet is not very clear. 
 
[18] Page 4-25: Nh is defined in Appendix B but is given a lower case symbol (nh).  To avoid 
confusion and ambiguity, use consistent mathematical nomenclature.  “Fraction of elevated 
PSHEDs” is given the symbol ph, which is defined in Appendix B as the “probability”…  this is 
inconsistent.  Either it is a frequency or it is a probability- choose one and use the concept 
consistently.   The standard error of fraction of elevated PHEDs is given in Table 4-6 based on a 
definition involving sh and Nh, but this definition is not given in Appendix B (it should be).   
 
[19] Page 4-27.  The last sentence of the first paragraph is unclear.  Rewrite.  Create a flow 
diagram or show an algorithm to make this more clear. 
 
[20] “It is important to understand that” should be deleted.  “It… that” statements are passive 
and contain no information.   
 
[21] “jumps around” – this kind of informal writing needs to be expunged from this report. 
 

Fujita:  [1] P. 4-1, 2nd paragraph, line 13: Rather than “accuracy”, “representativeness” may be more 
appropriate in this context. 

 
[2] P. 4-3, 1st paragraph, last two sentences:  States that influence of variability of hot-soak 
emissions will be discussed later in the section. This discussion appears to be missing. 
 
[3] P. 4-3, 2nd full paragraph: References to “not simulated exhaust” and “natural exhaust” in 
the last two sentences are confusing. 
 
[4] P.4-11, Table 4-2. VDF is not defined anywhere in the report.   
 

Knoll:   The last sentence in Section 4.4 appears to be the beginning of an incomplete paragraph. I 
expected further explanation or evaluation of how the EI23 bins are independent of model 
year groups. Did some additional text get inadvertently dropped from this section? 
 

3.3.2 Organization of the Report 
 

Frey:  [1] Aside from the poor writing, the organization of this report should be reconsidered.  
Methods and results appear to be mixed together.  A good technical report will have a 
chapter devoted to methods, organized in a manner consistent with the order in which 
the methods are used later in the report.  Furthermore, this report tends to have too 
much of ‘here’s what we did’ without first introducing the purpose, key concepts, or 
basis/foundation.   
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[2] A technical report should have the following elements: 
 

 Introduction  
o states the challenge, problem, issue being addressed,  
o establishes the need for new work 
o clearly states the objectives of the work (note:  objectives are not a list of tasks – 

they relate to the purpose of the work) 

 Background:  Survey of relevant prior work, if needed.  Also, a brief review of the types 
of evaporative emissions and factors to which they are sensitive is needed.  For 
example, evaporative emissions are sensitive to ambient temperature. 

 Methods 
o For each major component of the analysis, state the following: 

 Overall purpose 
 Basic concept 
 Empirical or theoretical basis established in prior work (with citations) 

o Provide sufficient information regarding the methods so that someone else could 
reproduce the work – include definitions of key terms, variables, equations, 
algorithms, and so on 

o Examples of content for this chapter (illustrative) 
 Schematic of the vehicle path through the various RSDs and PSHED 
 Methods A and B for estimating plume concentrations from remote sensing 

measurements 
 EI23 definition and definition of EI23 bins 
 Approach to ‘stratification’ 

 Results 
o Results could be organized into more than one chapter if the subject matter is too 

much for one chapter 
o Results should include a clearly summary of all input data and assumptions 
o Results obtained should be from application of methods described in the methods 

chapter. 
o Results should be appropriately interpreted 

 Conclusions 
o What are the key findings that are related to the objectives stated in Chapter 1? 
o What are the key conclusions that are related to the objectives stated in Chapter 1? 
o What are the key recommendations that are related to the objectives stated in 

Chapter 1? 
 

[3] Background Chapter: this chapter is plagued with undefined jargon, lack of clarity of 
concepts, and is poorly organized.  It is very qualitative and vague and provides little to no 
insight on the topics being addressed.  Examples of content missing from this report include a 
brief review of the types of evaporative emissions, factors to which such emissions are 
sensitive, the SHED measurement approach, how PSHED works, what is remote sensing, and 
how can remote sensing be used to infer information about evaporative emissions.  What 
does the RSD actually measure that is representative of evaporative emissions, and is this 
similar to what is measured in PSHED?  Why is there an expectation that there should be 
agreement between evaporative emissions inferred from RSD measurements versus those 
inferred from PSHEDS?  Are they measuring the same processes under similar conditions?  
How might they differ? 
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[4] The background chapter should be followed by a new chapter 3 that provides an overview 
of the methods used in this report, including a schematic of the Ken Caryl IM station, the 
specific instruments deployed, the analysis methods used, etc.  Material that is now in 
Appendix A and B should be rewritten into the methods chapter. 
 
[5] The current Chapter 3 should be rewritten as “Assessment of Concordance Between 
Portable and Fixed Location Evaporative Emissions Measurements.”  This chapter needs 
technical editing.  The basic information is useful and interesting.  The technical analysis 
should include quantification of the statistical significance of each parameter in the 
regression equation, the standard error of the estimate, the distribution of the residuals, a 
normality check for the residuals, the coefficient of determination, and other basic 
information that would commonly be reported as diagnostic goodness-of-fit indicators 
when developing a regression model.  To what extent are results such as in Figures 3-4 
and 3-5 actually providing an indication of repeatability of the test – are the conditions 
really the same in each test?  If the repeatability is really this poor, what are the 
implications for selecting a threshold for what constitutes a ‘high evap’ vehicle?  It is more 
common to report 95% probability ranges, not 68% probability ranges. 
 
[6] Chapter 4: A schematic of the Ken Caryl station is needed to illustrate what is meant by the 
“driveway RSD unit” and “Measurement RSDs” 
 
[7] A table prior to Table 4-5 would be more useful… i.e. distribution of vehicles by model year 
groups and EI23 bins for the selected (stratified?) vehicles. 
 
[8] The first paragraph in Section 4.4 is unclear and is hampered by repeated use of terms that 
are not well-defined.  Methods for stratification and de-stratification should be in a prior 
methods chapter. 
 
[9] Page 4-25:  The Appendix B should be part of a methods chapter given earlier in this report 
(could be Chapter 3).   
 
[10] Chapter 5:  The purpose of Chapter 5 is unclear.  Is this meant to be a conclusions 
chapter?  A summary chapter?  A results chapter? 
 

 The lead paragraph here is probably the most coherent statement of the objective of 
this report.  Such a statement is needed in the introduction. 

 

 The second paragraph is not useful because it is based on evidence not provided in 
earlier parts of the report. 
 

 The third paragraph is awkward and overly didactic.  One can make the point, for 
example, that the use of EI23 as an indicator of evaporative emissions was explored in 
this work, and state the findings, conclusions, and recommendations accruing from this 
work.  Subsequently, a recommendation can be made that the existing data could be 
analyzed using other indicators for the purpose of evaluating whether other indicators 
might be better than EI23.  Whether ‘any evap index’ can be used depends on what 
variables are critical to an ‘evap index’ and whether they were all measured during the 
study at the Ken Caryl IM station.  Since the report lacks even a basic overview of factors 
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that lead to evaporative emissions, it is not clear as to whether all useful factors have 
been quantified to support development of ‘any’ evap index. 
 

 The paragraph at the bottom of page 5-1 is sufficiently cryptic as to be useless to 
anyone but those involved in the data collection or project management effort.   It is not 
very clear as to what point is being made here. 
 

 Page 5-2 “to measure the RSDs” – this makes no sense.  RSDs are devices that make 
measurement.  Why would one make a measurement on the RSD itself? 
 

 The intent of the paragraph on “RSDs of the Denver fleet” is unclear.  Perhaps this is a 
recommendation to calculate EI23 for a wider set of vehicles and use the Ken Caryl IM 
station data for fraction of high emitters to estimate a fraction of high emitters for the 
larger fleet.  If that is the case, the intent is unclear. 
 

 Last paragraph on page 5-2 – seems to be introducing a lot of new information but in an 
unclear manner such that the point(s) here are unclear. 
 

Fujita:  [1] It would be helpful in Section 2 (Background) to state how the results of this study and 
similar future studies will be used in the MOVES model. Should be specific enough to identify 
the relevant algorithms and inputs. 

 
[2] The report does not include a summary of other testing – modified California Method 
(olfactory, visual and electronic HC sniffer examination of various vehicle components). If this 
information is summarized elsewhere, it should be references and a brief summary of the 
finding should be included within this report.  
 
[3] P.4-4, 1st full paragraph, last two sentences: The reason for selecting Method B is difficult 
to understand without prior knowledge that EI23 is based on residuals of the linear regression. 
This is only explained in Appendix A. It should be mentioned briefly in the Section 4.2 for 
clarity.   
 
[4] P. A-2: Add a description of the origin of the constants used in equations shown at the 
bottom of the page. Explain how this reduces dependence of EI23 on exhaust HC 
concentrations.     
 

Knoll:  [1] Elsewhere in the literature, estimates are made providing comparison of PSHED results 
with EPA’s Tier 2 requirements for evaporative emissions.1

 It would be helpful to include that 
here for context.  
 
[2] On page 3-12, the statistical analysis leading to the conclusions that “repeated SHED hot-
soak measurements for a vehicle would fall between 40% (=1/2.51) and 251% of the vehicle’s 
average (characteristic) hot-soak value 68% of the time” should include a relevant source 
citation. 

                                                      
1 1 “Evaluation of Evaporative Leaks using RSD and Inventory Implications,” D. Hawkins, C. Hart, C. Fulper, J. Warila, 

D. Brzezinski, et al., Presented at the 19th Annual International Emission Inventory Conference, San Antonio, TX, 
Sept 27-30, 2010.  
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Environmental Protection Agency, Research Triangle Park, North Carolina, March 11, 1988  

(Technical Memoranda are reviewed by EPA) 

 

7.   Frey, H.C., and J.T. Waddell, "State Permitting Practices for Particulate Matter Emissions 

from Small Coal- and Wood-Fired Boilers," Technical Memorandum from Radian Corporation 

to R.A. Copeland, Emissions Standards and Engineering Division, U.S. Environmental 

Protection Agency, Research Triangle Park, North Carolina, July 7, 1988. (Technical 

Memoranda are reviewed by EPA) 

 

8.   Abadines, E., et al., Catastrophic Oil Spills on the Great Lakes, Final Report, Department of 

Engineering and Public Policy, School of Urban and Public Affairs, and Department of Social 

and Decision Sciences, Carnegie-Mellon University, Pittsburgh, Pennsylvania, December 

1989, 143p. (Reviewed by a panel of outside experts) 

 

9.   Piccot, S.D., J.A. Buzun, and H.C. Frey, Emissions and Cost Estimates for Globally 

Significant Anthropogenic Combustion Sources of NOx, N2O, CH4, CO, and CO2, 

EPA/600/7-90-010, Prepared by Radian Corporation for the U.S. Environmental Protection 

Agency, Research Triangle Park, North Carolina, May 1990. (This report was reviewed by 

EPA) 

 

10. Frey, H.C. and E.S. Rubin, Stochastic Modeling of Coal Gasification Combined Cycle 

Systems:  Cost Models of Selected  Integrated Gasification Combined Cycle (IGCC) Systems,  
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Topical Report, DOE/MC/24248-2901, NTIS DE90015345, Prepared by Carnegie-Mellon 

University for the U.S. Department of Energy, Morgantown, West Virginia, June 1990, 307p.  

(Reviewed by several personnel at the U.S. Department of Energy) 

 

11. Rubin, E.S., J.S. Salmento, H.C. Frey, A. Abu-Baker, and M. Berkenpas, Modeling of 

Integrated Environmental Control Systems for Coal-Fired Power Plants, Final Report, DOE 

Contract No. DE- AC22-87PC79864, Prepared by Carnegie-Mellon University for the U.S. 

Department of Energy, Pittsburgh, Pennsylvania, April 1991, 214p. 

 

12. Frey, H.C., and E.S. Rubin, Development and Application of a Probabilistic Evaluation 

Method for Advanced Process Technologies, Final Report, DOE/MC/24248-3015, NTIS 

DE91002095, Prepared by Carnegie-Mellon University for the U.S. Department of Energy, 

Morgantown, West Virginia, April 1991, 364p. 

 

13. Frey, H.C., Probabilistic Modeling of Innovative Clean Coal Technologies:  Implications for 

Research Planning and Technology Evaluation, Ph.D. Thesis, Department of Engineering and 

Public Policy, Carnegie Mellon University, Pittsburgh, Pennsylvania, May 1991. 

 

14. Frey, H.C., Quantitative Analysis of Uncertainty and Variability in Environmental Policy 

Making, Environmental Science and Engineering Fellows Program, American Association for 

the Advancement of Science, Washington, DC, September 1992. 

 

15. Frey, H.C., and E.S. Rubin, Development of the Integrated Environmental Control Model: 

Performance Models of Selective Catalytic Reduction NOx Control Systems, Quarterly 

Progress Report, DOE/PC/91346--3, Contract No. DC-AC22-92PC91346, Prepared by 

Carnegie Mellon University for the U.S. Department of Energy, Pittsburgh, Pennsylvania, July 

1993. 

 

16. Frey, H.C., and E.S. Rubin, Development of the Integrated Environmental Control Model:  

Cost Models of Selective Catalytic Reduction NOx Control Systems, Quarterly Progress 

Report, DOE/PC/91346--5, Contract No. DC-AC22-92PC91346, Prepared by Carnegie 

Mellon University for the U.S. Department of Energy, Pittsburgh, Pennsylvania, December 

1993. 

 

17. Frey, H.C., Modeling and Assessment of the Fluidized Bed Copper Oxide Process for 

SO2/NOx Control, Prepared by North Carolina State University for U.S. Department of 

Energy, March 30, 1994. 

 

18. Frey, H.C., Development and Application of Performance and Cost Models for Gas Turbine-

Based Selective Catalytic Reduction NOx Control, Task 1 Topical Report, Volume 1, 

Prepared by North Carolina State University for Carnegie Mellon University and U.S. 

Department of Energy, Morgantown, West Virginia, October 1994. 

 

19. Frey, H.C., R.J. Lempert, G. Farnsworth, D.C. Acheson, P.S. Fischbeck, and E.S. Rubin, A 

Method for Federal Energy Research Planning:  Integrated Consideration of Technologies, 

Markets, and Uncertainties, Prepared by Carnegie Mellon, RAND, and Atlantic Council for 



Page 56 

Lawrence Livermore National Laboratory, Livermore, CA.  April 1995. (This report was 

reviewed by a “blue-ribbon” Working Group) 

 

20. Agarwal, P, and H.C. Frey, Development and Application of Performance and Cost Models 

for the Externally-Fired Combined Cycle, Task 1 Topical Report, Volume 2, Prepared by 

North Carolina State University for Carnegie Mellon University and U.S. Department of 

Energy, Morgantown, West Virginia, July 1995. (A draft of this report was reviewed by 

Carnegie Mellon) 

 

21. Frey, H.C., and R.B. Williams, Performance and Cost Models for the Direct Sulfur Recovery 

Process, Task 1 Topical Report, Volume 2, Prepared by North Carolina State University for 

Carnegie Mellon University and U.S. Department of Energy, Morgantown, West Virginia, 

September 1995. 

 

22. Frey, H.C., and D.A. Eichenberger, Remote Sensing of Mobile Source Air Pollutant 

Emissions: Variability and Uncertainty in On-Road Emissions Estimates of Carbon 

Monoxide and Hydrocarbons for School and Transit Buses, FHWY/NC/97-005, Prepared by 

North Carolina State University for North Carolina Department of Transportation, Raleigh, 

June 1997.  (A draft of this report was reviewed by a project advisory panel comprised 

primarily of personnel at the NC Department of Transportation and Federal Highway 

Administration.) 

 

23. Kini, M.D., and H.C. Frey, Probabilistic Evaluation of Mobile Source Air Pollution:  

Volume 1, Probabilistic Modeling of Exhaust Emissions from Light Duty Gasoline Vehicles, 

Prepared by North Carolina State University for Center for Transportation and the 

Environment, Raleigh, December 1997. (A draft of this report was reviewed by external peer 

reviewers at the U.S. Environmental Protection Agency). 

 

24. Bharvirkar, R. and H.C. Frey, Development of Simplified Performance and Cost Models of 

Integrated Gasification Combined Cycle Systems, Prepared by North Carolina State 

University for Carnegie Mellon University, Pittsburgh, Pennsylvania, July 1998. 

 

25. Frey, H.C., Estimates of Uncertainty in Air Quality Model Inputs Based Upon Expert 

Elicitation, Prepared by North Carolina State University for Hanna Consultants, 

Kennebunkport, Maine, September 28, 1998. (reviewed by sponsor). 

 

26. Frey, H.C., and D.S. Rhodes, Quantitative Analysis of Variability and Uncertainty in 

Environmental Data and Models:  Volume 1.  Theory and Methodology Based Upon 

Bootstrap Simulation, Report No. DOE/ER/30250--Vol. 1, Prepared by North Carolina State 

University for the U.S. Department of Energy, Germantown, MD, April 1999. 

 

27. Frey, H.C., and L.K. Tran, Quantitative Analysis of Variability and Uncertainty in 

Environmental Data and Models:  Volume 2.  Performance, Emissions, and Cost of 

Combustion-Based NOx Controls for Wall and Tangential Furnace Coal-Fired Power 

Plants, Report No. DOE/ER/30250-- Vol. 2, Prepared by North Carolina State University for 

the U.S. Department of Energy, Germantown, MD, April 1999. 
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28. Berkenpas, M.B., H.C. Frey, J.J. Fry, J. Kalagnanam, and E.S. Rubin, “Integrated 

Environmental Control Model:  Technical Documentation,” Prepared by Carnegie Mellon 

University for U.S. Department of Energy, Pittsburgh, PA.  May 1999.  (available at: 

ftp://ftp.netl.doe.gov/pub/IECM/iecmpage.htm) 

 

29. Frey, H.C., R. Bharvirkar, and J. Zheng, Quantitative Analysis of Variability and 

Uncertainty in Emissions Estimation, Prepared by North Carolina State University for the 

U.S. Environmental Protection Agency, Research Triangle Park, NC.  July 1999. 

 

30. Rouphail, N.M., H.C. Frey, A. Unal, and R. Dalton, ITS Integration of Real-Time Emissions 

and Traffic Management Systems, IDEA Project No. ITS-44, Prepared by North Carolina 

State University for the IDEA Program, Transportation Research Board, National Research 

Council, Washington, DC. May 2000. (available at www4.ncsu.edu/~frey/freytech.html). 

 

31. Frey, H.C., and J. Zheng, User's Guide for Analysis of Uncertainty and Variability in 

Emissions Estimation (AUVEE), Prepared by North Carolina State University for Office of 

Air Quality Planning and Standards, U.S. Environmental Protection Agency, Research 

Triangle Park, NC, September 2000. 

 

32. Hanna, S., Z. Lu, H.C. Frey, N. Wheeler, J. Vukovich, S. Arunachalam, M. Fernau, and J. 

Davis, Uncertainties in Predicted Ozone Concentrations due to Input Uncertainties for UAM-V 

Photochemical Grid Model Applied to the July 1995 OTAG Domain, Report No. 1000710, 

Prepared by Harvard School of Public Health, North Carolina State University, and MCNC 

for EPRI, Palo Alto, CA, and Ameren, St. Louis, MO.  November 2000. 

 

33. Frey, H.C., and N. Akunuri, "Probabilistic Modeling and Evaluation of the Performance, 

Emissions, and Cost of Texaco Gasifier-Based Integrated Gasification Combined Cycle 

Systems Using ASPEN," Prepared by North Carolina State University for Carnegie Mellon 

University and U.S. Department of Energy, Pittsburgh, PA, January 2001. 

 

34. Frey, H.C., and J. Zheng, Methods and Example Case Study for Analysis of Variability and 

Uncertainty in Emissions Estimation (AUVEE), Prepared by North Carolina State University 

for Office of Air Quality Planning and Standards, U.S. Environmental Protection Agency, 

Research Triangle Park, NC, February 2001. 

 

35. Frey, H.C., N.M. Rouphail, A. Unal, and J.D. Colyar, Emissions Reduction Through Better 

Traffic Management:  An Empirical Evaluation Based Upon On-Road Measurements, 

FHWY/NC/2002-001, Prepared by North Carolina State University for North Carolina 

Department of Transportation, December 2001.  323 pp. 

 

36. Frey, H.C., A. Unal, and J. Chen, Recommended Strategy for On-Board Emission Data 

Analysis and Collection for the New Generation Model, Prepared by North Carolina State 

University for the Office of Transportation and Air Quality, U.S. Environmental Protection 

Agency, Ann Arbor, MI.  February 2002. 

 

ftp://ftp.netl.doe.gov/pub/IECM/iecmpage.htm
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37. Frey, H.C., J. Zheng, Y. Zhao, S. Li, and Y. Zhu, Technical Documentation of the AuvTool 

Software for Analysis of Variability and Uncertainty, Prepared by North Carolina State 

University for the Office of Research and Development, U.S. Environmental Protection 

Agency, Research Triangle Park, NC. February 2002. 

 

38. Zheng, J., and H.C. Frey, AuvTool User’s Guide, Prepared by North Carolina State 

University for the Office of Research and Development, U.S. Environmental Protection 

Agency, Research Triangle Park, NC.  February 2002. 

 

39. Frey, H.C., A. Unal, J. Chen, S. Li, and C. Xuan, Methodology for Developing Modal 

Emission Rates for EPA’s Multi-Scale Motor Vehicle and Equipment Emission Estimation 

System, EPA420-R-02- 027, Prepared by North Carolina State University for the Office of 

Transportation and Air Quality, U.S. Environmental Protection Agency, Ann Arbor, MI, 

October 2002.  Available at http://www.epa.gov/otaq/ngm.htm#background. 
 
40. Loughlin, D., H.C. Frey, K. Hanisak, and A. Eyth, “Implementation Requirements for the 

Development of a Sensitivity/Uncertainty Analysis Tool for MIMS,” Draft, Prepared by 

Carolina Environmental Program and North Carolina State University for U.S. Environmental 

Protection Agency, Research Triangle Park, NC, May 6, 2003. 

 

41. Frey, H.C., “Evaluation of an Approximate Analytical Procedure for Calculating Uncertainty 

in the Greenhouse Gas Version of the Multi-Scale Motor Vehicle and Equipment Emissions 

System,” Prepared for Office of Transportation and Air Quality,  U.S. Environmental 

Protection Agency, Ann Arbor, MI, May 30, 2003. 

 

42. Frey, H.C., D. Crawford-Brown, J. Zheng, and D. Loughlin, “Hierarchy of Methods to 

Characterize Uncertainty:  State of Science of Methods for Describing and Quantifying 

Uncertainty,” Draft, Prepared for E. H. Pechan and Associates, Inc., Springfield, VA, for 

submittal to U.S. Environmental Protection Agency,  Research Triangle Park, NC, August 12, 

2003. 

 

43. Frey, H.C., J. Zheng, D. Loughlin and D. Crawford-Brown,, “Hierarchy of Methods to 

Characterize Uncertainty:  State of Science on Communication of Uncertainty,” Draft, 

Prepared for E. H. Pechan and Associates, Inc., Springfield, VA, for submittal to U.S. 

Environmental Protection Agency, Research Triangle Park, NC, August 12, 2003 

 

44. Frey, H.C., A. Mokhtari, and T. Danish, “Evaluation of Selected Sensitivity Analysis Methods 

Based Upon Applications to Two Food Safety Risk Process Models,” Prepared by North 

Carolina State University for Office of Risk Assessment and Cost-Benefit Analysis, U.S. 

Department of Agriculture, Washington, DC, September 2003.  (www.ce.ncsu.edu/risk/) 

 

45. Frey, H.C., and Y. Zhao, “Development of Probabilistic Emission Inventories of Benzene, 

Formaldehyde And Chromium for the Houston Domain,” Prepared by North Carolina State 

University for U.S. Environmental Protection Agency, Research Triangle Park, NC, 

September 2003. 

 

http://www.epa.gov/otaq/ngm.htm#backgr
http://www.ce.ncsu.edu/risk/
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46. Frey, H.C., A. Mokhtari, and J. Zheng, “Recommended Practice Regarding Selection, 

Application, and Interpretation of Sensitivity Analysis Methods Applied to Food Safety 

Process Risk Models,” Prepared by North Carolina State University for U.S. Department of 

Agriculture, Washington, DC, January 30, 2004. 

 

47. Frey, H.C., and Y. Zhu, “Documentation of Performance and Cost Models for Simple and 

Combined Cycle Gas Turbine Systems,” Prepared by North Carolina State University for the 

U.S. Department of Energy via Carnegie Mellon University, Pittsburgh, PA, October 2004. 

 

48. Frey, H.C., and K. Kim, “Operational Evaluation of Emissions and Fuel Use of B20 Versus 

Diesel Fueled Dump Trucks,” FHWY/NC/2005-07, Prepared by North Carolina State 

University for North Carolina Department of Transportation, Raleigh, NC, Sept 30, 2005. 

 

49. Mokhtari, A., and H.C. Frey, “Review and Recommendation of Methods for Sensitivity and 

Uncertainty Analysis for the Stochastic Human Exposure and Dose Simulation (SHEDS) 

Models, Volume 1:  Review of Available Methods for Conducting Sensitivity and Uncertainty 

Analysis in Probabilistic Models,” Draft, Prepared by North Carolina State University for 

Alion Science and Technology, Inc., Durham, NC, June 30, 2005. 

 

50. Mokhtari, A., and H.C. Frey, “Review and Recommendation of Methods for Sensitivity and 

Uncertainty Analysis for the Stochastic Human Exposure and Dose Simulation (SHEDS) 

Models, Volume 2:  Evaluation and Recommendation of Methodology for Conducting 

Sensitivity Analysis in Probabilistic Models,” Draft, Prepared by North Carolina State 

University for Alion Science and Technology, Inc., Durham, NC, June 30, 2005. 

 

51. Rubin, E.S., M.B. Berkenpas, H.C. Frey, C. Chen, S. McCoy, and C.J. Zaremsky, Technical 

Documentation: Integrated Gasification Combined Cycle Systems (IGCC) with Carbon 

Capture and Storage (CCS), Prepared by Carnegie Mellon University for the U.S. Department 

of Energy, Pittsburgh, PA, May, 2007 

 

52. Frey, H.C., and P.Y. Kuo, Best Practices Guidebook for Greenhouse Gas Reductions in 

Freight Transportation, Prepared by North Carolina State University for U.S. Department of 

Transportation, Washington, DC, October 2007. 

 

53. Frey, H.C., W.J. Rasdorf, K. Kim, S. Pang, P. Lewis, and S. Abolhasani, “Real-World Duty 

Cycles and Utilization for Construction Equipment in North Carolina,” HWY-2006-08, 

Prepared by North Carolina State University for North Carolina Department of 

Transportation, Raleigh, NC, January 2008. 

 

54. Frey, H.C., and Kangwook Kim, Comparison of Fuel Use and Emissions of B20 Biodiesel 

Fueled Combination Trucks With Versus Without A Fuel Additive, Prepared by North 

Carolina State University for North Carolina Department of Transportation, Raleigh, NC, 

January 7, 2008. 

 

55. Frey, H.C., and Kangwook Kim, Comparison of Biodiesel versus Petroleum Diesel Based On 

In-Use Measurement of Emissions for Heavy Duty Vehicles:  Vancouver Case Study, 
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Prepared by North Carolina State University for Lafarge North America, Calgary, Alberta, 

Canada, January 21, 2008. 

 

56. Frey, H.C., and Kangwook Kim, Comparison of Biodiesel versus Petroleum Diesel Based On 

In-Use Measurement of Emissions for Heavy Duty Vehicles:  Atlanta Case Study, Prepared by 

North Carolina State University for Lafarge North America, Towson, Maryland, January 21, 

2008. 

 

57. Frey, H.C., and Kangwook Kim, “Comparison of Propane Mixed Diesel versus Petroleum 

Diesel Based On In-Use Measurement of Emissions for a Medium-Heavy Duty Diesel Utility 

Vehicle:  Pilot Study,” Prepared by North Carolina State University for Blossman Propane 

Gas and Appliance, Inc., Easley, SC, March 3, 2008. 

 

58. Frey, H.C., and H.W. Choi, Baseline Fuel Use and Emissions Rates for Petroleum Diesel 

Fueled Combination Trucks, TA-2008-09, Prepared by North Carolina State University for 

North Carolina Department of Transportation, Raleigh, NC, May 28, 2008. 

 

59. Frey, H.C., and H.W. Choi, Baseline Emission Rates for F59 and GP40 Locomotives 

Operated on Ultra Low Sulfur Diesel, TA-2008-15, Prepared by North Carolina State 

University for North Carolina Department of Transportation, Raleigh, NC, July 31, 2008. 

 

60. Graver, B., and H.C. Frey, “Measurement and Evaluation of the Activity, Energy Use, and 

Emissions of a Plug-in Hybrid Electric Vehicle,” Prepared for Advanced Transportation 

Energy Center, March 2010. 

 

61. Frey, H.C., and B.M. Graver, “Measurement and Evaluation of Fuels and Technologies for 

Passenger Rail Service in North Carolina,” Draft, Research Project No. HWY-2010-12, 

Prepared by North Carolina State University for North Carolina Department of 

Transportation, Raleigh, NC, October 31, 2011. 

 

COMMITTEE REPORTS 
 
1.   Science Advisory Board, An SAB Report:  Review of the USEPA’s Report to Congress on 

Residual Risk, Prepared by Residual Risk Subcommittee of the Science Advisory Board for 

U.S. Environmental Protection Agency, EPA-SAB-EC-98-013, September 1998.  

(Contributing member of Residual Risk Subcommittee, also contributed pages A-15 to A-51). 
 
2.   Eastern Research Group, Report of the Workshop on Selecting Input Distributions for 

Probabilistic Assessments, Prepared by Eastern Research Group for U.S. Environmental 

Protection Agency, September 1998.  Contributed “Chairperson’s Summary” (wrote Chapter 

2 and reviewed/edited other chapters) 
 
3.   National Research Council, “Interim Report of the Committee on Changes in New Source 

Review Programs for Stationary Sources of Air Pollutants,” The National Academies Press, 

Washington, DC, January 2005 [contributing member of the committee]. 
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4.   NARSTO EI Assessment Team, Improving Emission Inventories for Effective Air 

Quality Management Across North America, A NARSTO Assessment, NARSTO-05-

001, http://www.narsto.org/section.src?SID=8, 2005.  Co-Chair of the NARSTO 

Emission Inventory Assessment, Lead Author for Chapter 8:  “Methods for Assessment 

of Uncertainty and Sensitivity in Inventories,” and contributing author to Chapter 5:  

“Strengths and Weaknesses of Current Emission Inventories.” 
 
5.   Frey, C., J. Penman, L. Hanle, S. Monni, and S. Ogle, “Uncertainties,” Chapter 3 in 

Volume 1, General Guidance and Reporting, 2006 IPCC Guidelines for National 

Greenhouse Gas Inventories, National Greenhouse Gas Inventories Programme, Inter-

Governmental Panel on Climate Change, Technical Support Unit, Kanagawa, Japan, 2006. 
 
6.   Goodwin, J., M. Woodfield, M. Ibnoaf, M. Kozh, H. Yan, C. Frey, R. Montgomery, T. Pulles, 

D. Ottinger-Schaeffer, and K. Treanton, “Approaches to Data Collection,” Chapter 2 in 

Volume 1, General Guidance and Reporting, 2006 IPCC Guidelines for National Greenhouse 

Gas Inventories, National Greenhouse Gas Inventories Programme, Inter-Governmental Panel 

on Climate Change, Technical Support Unit, Kanagawa, Japan, 2006. 
 
7.   National Research Council, New Source Review for Stationary Sources of Air Pollution, 

Committee on Changes in New Source Review Programs for Stationary Sources of Air 

Pollution, The National Academies Press, Washington, DC, 2006 [contributing member of 

the committee]. 
 

8.   World Health Organisation, Harmonization Project Document No. 6, Part 1:  Guidance 

Document on Characterizing and Communicating Uncertainty in Exposure Assessment, 

International Program on Chemical Safety, World Health Organization, and Co-sponsored by 

International Labour Organization, and the United Nations Environmental Programme, WHO 

Geneva, Switzerland, 2008. 

(http://www.who.int/ipcs/publications/methods/harmonization/exposure_assessment.pdf) 

 

9.   WHO/FAO, Risk Characterization of Microbiological Hazards in Food Guidelines, 

Microbial Risk Assessment Series No. 17, World Health Organization and Food and 

Agriculture Organization of the United Nations, 2009.  (Contributor). 
 
10. National Research Council, Review of the Environmental Protection Agency's Draft IRIS 

Assessment of Tetrachloroethylene, The National Academies Press, Washington, DC, 2010, 

ISBN-13: 978-0-309- 15094-1  [contributing member of the committee]. 

(http://www.nap.edu/catalog.php?record_id=12863). 

 
INVITED RESEARCH PRESENTATIONS (SEMINARS) – MOST RECENT 10 OUT OF 

92 
 

1.   “Vehicle Energy and Emissions Research at NC State,” Advisory Council Meeting, Institute 

for Transportation Research and Education, North Carolina State University, Raleigh, NC, 

April 16, 2009. 

 

http://www.narsto.org/section.src?SID=8
http://www.who.int/ipcs/publications/methods/harmonization/exposure_assessment.pdf
http://www.nap.edu/catalog.php?record_id=12863)
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2.   “Evaluating the Performance, Emissions, and Cost Of Power Plants Using the Integrated 

Environmental Control Model,” NC Division of Air Quality, Raleigh, NC, November 2, 2009. 

 

3.   “Measurement and Modeling of Real-World Activity, Fuel Use, and Emissions of Onroad 

Vehicles,” North Carolina Association of Municipal Planning Organizations, January 28, 

2010. 

 

4.   “Method and Example Case Study for Source Apportionment of PM2.5 Exposure,” Invited 

seminar with Montse Fuentes at U.S. Environmental Protection Agency, Research Triangle 

Park, NC, April 28, 2010. 

 

5.   “NOx Emissions:  Where Have We Been and Where are We Going?,” 

Denitrification Research Coordination Network (www.denitrification.org), Invited 

presentation at Workshop on Nitrogen Assessment Science in the USA, Boulder, 

Colorado, May 18, 2010. 

 

6.   “Uncertainty in Emissions Estimates,” State Implementation Plan Coordination Workshop, 

Mid-Atlantic Regional Air Management Association, Baltimore, MD, September 27, 2010. 

 

7.   “Framework for Context-Sensitive Spatially- and Temporally-Resolved Onroad Mobile 

Source Emission Inventories,” U.S. Environmental Protection Agency, Research Triangle 

Park, NC, November 16, 2010 (with N.M. Rouphail, H. Hu, B. Liu, and X. Song). 

 

8.   “Life Cycle Inventory Energy Consumption and Emissions of Greenhouse Gases and Other 

Pollutants for Biofuels Versus Petroleum Fuels,” Division of Environment, Hong Kong 

University of Science and Technology, December 14, 2010. 

 

9.   “More than Ten Years Experience in Field Measurements of Onroad and Nonroad Vehicles 

Using Portable Emissions Measurement Systems,” 2010 International Workshop on Mobile 

Source Emission Testing and Modeling, Xiamen, P.R. China, December 18, 2010. 

 

10. “Measurement of Onroad and Nonroad Vehicles Using Portable Emissions Measurement 

Systems,” PEMS: The Latest Tools and Techniques for In-Use Measurements, University of 

California at Riverside, March 24, 2011. 

 

11. “Overview of Research Activities in Transportation-Related Emissions and Exposure,” 

Department of Mechanical Engineering, Instituto Superior Tecnico, Lisbon, Portugal, July 25, 

2011. 

 

CONFERENCE PRESENTATIONS (OVER 200, LIST AVAILABLE UPON REQUEST) 
 

http://www.denitrification.org/
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SPONSORED GRANTS AND CONTRACTS – recent examples out of over 50 
 
1.   Title:                            A Spatial-Temporal Modeling Approach for Evaluating the Impact 

of Environmental Stressors, in Conjunction with Human Activity, on 

Human Health 
Investigators:              M. Fuentes, H. Christopher Frey, S. Ghosh 

Granting Agency:       National Institutes of Health 

Dates:                         January 1, 2008 to December 31, 2011 

 
2.   Title:                            Spatial Temporal Analysis of Health Effects Associated with 

Sources and Speciation of Fine Particulate Matter 
Investigators:              M. Fuentes (Statistics), H. Christopher Frey, Y. Zhang (MEAS), M. 

Bell (Yale U.), F. Dominici (Johns Hopkins) 

Granting Agency:       U.S. Environmental Protection Agency STAR Grants Program 

Dates:                         December 1, 2008 to November 30, 2011 

 
3.   Title:                            Development and Evaluation of Methodological Framework for 

Real- World Vehicle Energy Use and Emissions Estimation at 

Multiple Temporal and Vehicular Scales 
Investigators:              H.C. Frey (PI) and N.M. Rouphail (Co-PI) 

Granting Agency:       National Science Foundation 

Dates:                         May 15, 2008 to May 14, 2012 

 
4.   Title:                            Measurement and Evaluation of Fuels and Technologies for Passenger 

Rail Service in North Carolina 

Investigators:               H.C. Frey (PI) 

Granting Agency:        North Carolina Department of Transportation 

Dates:                          August 16, 2009 to August 15, 2011 

 
5.   Title:                            Multiple Tiered Methodology for Micro- to Macro-Scale Assessment 

of Plug- In Hybrid Electric Vehicles (M4-PHEVs) 

Investigators:               H.C. Frey (PI) and Joe DeCarolis (Co-PI) 

Granting Agency:        National Science Foundation 

Dates:                          October 1, 2009 to September 30, 2012 
 
6.   Title:                            Dynamometer Testing of Railroad Locomotive Engines 

Investigators:               H.C. Frey (PI) 

Granting Agency:        Federal Railroad Administration via NC Department of Transportation 

Dates:                          January 20, 2010 to January 19, 2011 
 
7.   Title:                            Framework for Context-Sensitive Spatially- and Temporally-Resolved 

Onroad Mobile Source Emission Inventories  

Investigators:               H.C. Frey (PI) and Nagui M. Rouphail (Co-PI)  

Granting Agency:        U.S. Environmental Protection Agency 

Dates:                          May 1, 2010 to April 30, 2013. 
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8.   Title:                            Locomotive Biofuel Study 

Investigators:               H.C. Frey (PI) and Alex Hobbs (Co-PI) 

Granting Agency:        Federal Railroad Administration 

Dates:                          August 16, 2011 to August 15, 2013. 
 

MASTERS THESES AND DOCTORAL DISSERTATIONS 

DIRECTED 
 

1.      Pankaj Agarwal, MS, “Modeling and Assessment of the Externally-Fired Combined 

Cycle System,”  graduated December 1995 (chair). 

 
2.      Mitesh Kini, MS, “Probabilistic Modeling of Exhaust Emissions from Light Duty 

Gasoline Vehicles,” graduated December 1996 (chair). 
 

3.      Loan K. Tran, MS, “Performance and Cost Modeling of NOx Combustion Control 

Technologies in Pulverized Coal Power Plants,” graduated December 1996 (chair). 

 
4.      Kamalpreet Singh, MS, “Uncertainty Analysis in Air Quality Modeling,” graduated 

December 1997 (chair). 

 
5.      David Rhodes, MS, “Quantitative Analysis of Variability and Uncertainty in 

Environmental Risk Assessment,” graduation August 1997 (chair). 
 

6.      Ranjit Bharvirkar, MS, “Quantitative Analysis of Variability and Uncertainty in 

Emission Factors and Emission Inventories,” May 1999 (chair). 
 

7.      Alper Unal, MS, “Modeling of Highway Vehicle Emissions Using Remote Sensing 

Data,” May 1999 (chair). 
 

8.      Naveen Akunuri, MS, “Process Modeling of Integrated Gasification Combined 

Cycle Systems Using ASPEN,” May 1999 (chair). 
 

9.      Russell Dalton, MS, 1999 (co-chair with Nagui M. Rouphail) 

 
10.    Sudeep Vaswani, MS, "Development of Models for Calculating the Life Cycle 

Inventory of Methanol by Liquid Phase and Conventional Production 

Processes," June 2000 (co-chair with M.A. Barlaz). 

 
11.    Matthew Pickett, MS, "Modeling the Performance and Emissions of British 

Gas/Lurgi-Based Integrated Gasification Combined Cycle Systems," January 

2001 (co-chair with M.A. Barlaz) 

 
12.    Colyar, James Daniel, MS, "An Empirical Study of the Relationships Between 

Macroscopic Traffic Parameters and Vehicle Emissions," March 2001 (co-chair 

with Nagui Rouphail). 
 

13.    Coehlo, Maysa, PhD, "Evaluation of Alternative Future Energy Scenarios for Brazil 
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Using an Energy Mix Model," June 2001 (chair) 

 
14.    Bammi, Sachin, MS, "Quantitative Analysis of Variability and Uncertainty in 

On- Road and Non-Road Mobile Source Emission Factors," July 2001 (chair) 
 

15.    Patil, Sumeet R., MS, “Identification, Application, and Comparison of Sensitivity 

Analysis Methods for Food Safety Risk Assessment Models,” August 2001 (chair) 
 

16.    Xie, Chi, MS, “Modeling the Performance and Emissions of Integrated Gasification 

Combined Cycle based Lurgi Ammonia Synthesis System,” December 2001 (chair) 

 
17.    Zheng, Junyu, PhD Dissertation, “Quantification of Variability and Uncertainty in 

Emission Estimation:  General Methodology and Software Implementation,” May 

2002 (chair) 

 
18.    Li, Minsheng, MS Thesis, “Life Cycle Inventory Development for a Solid 

Waste/Coal Blend Gasification System for Production of Power and 

Chemicals,” August 2002 (co-chair with M. Barlaz). 
 

19.   Unal, Alper, PhD Dissertation, “On-Board Measurement and Analysis of On-Road 

Vehicle Emissions,” August 2002 (chair). 

 
20.   Li, Song, PhD Dissertation, “Development and Demonstration of a Methodology 

for Characterizing and Managing Uncertainty and Variability in Emission 

Inventories,” August 2002 (chair). 
 

21.    Abdel-Aziz, Amr, PhD Dissertation, “Incorporating Uncertainties in Emission 

Inventories Into Air Quality Modeling,” December 2002 (chair). 

 
22.    Chen, Jianjun, MS Thesis, “Optimization of Gasification Combined Cycle Systems 

Under Variability and Uncertainty,” July 2003 (chair). 

 
23.    Danish, Tanwir, MS Thesis, “Evaluation of Selected Sensitivity Analysis Methods 

Applied to a Food Safety Risk Model,” July 2003 (chair). 

 
24.    Zhao, Yuchao, PhD Dissertation, “Quantification of Variability and Uncertainty 

in Emission Factors and Emission Inventories for Urban Air Toxics,” August 

2003 (chair). 
 
25.    Mokhtari, Amirhossein, PhD Dissertation, “Evaluation of Sensitivity Analysis 

Methods for Application to Microbial Food Safety Process Risk Models,” July 

2004. 

 
26.    Zhu, Yunhua, PhD Dissertation, “Evaluation of Gas Turbine and Gasifier-Based 

Power Generation Systems,” August 2004. 
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27.    Phillips, Lori Ann, MS Thesis, “Public Perception of Indoor Air Quality and 

Evaluation of Indoor Air Cleaners,” May 2006. 

 
28.    Abolhasani, Saeed, MS Thesis, “Assessment of On-Board Emissions and Energy 

Use of Nonroad Construction Vehicles,” August 2006. 

 
29.    Zhang, Kaishan,  PhD Dissertation, “Micro-Scale On-Road Vehicle-Specific 

Emissions Measurements and Modeling,” August 2006. 

 
30.    Kim, Kangwook, PhD Dissertation, “Operational Evaluation of In-Use 

Emissions and Fuel Consumption of B20 Biodiesel versus Petroleum Diesel-

Fueled Onroad Heavy-Duty Diesel Dump Trucks and Nnonroad Construction 

Vehicles,” December 2007. 
 
31.    Zhai, Haibo, PhD Dissertation, “Regional Onroad Mobile Source Emissions 

Characterization for Conventional and Alternative Vehicle Technologies,” 

December 2007. 

 
32.    Pang, Shih-hao, PhD Dissertation, “Life Cycle Inventory Incorporating Real-

World In-Use Measurement Data for Nonroad Construction Vehicles and 

Equipment,” December 2007. 

 

33.    Kuo, Po-Yao, PhD Dissertation, “Evaluation of Freight Truck Anti-Idling 

Strategies for Reduction of Greenhouse Gas Emissions,” August 2008. 

 
34.  Choi, Hyung-Wook, PhD Dissertation, “Measurement and modeling of the 

activity, energy, and emissions of conventional and alternative vehicles,” August 

2009. 

 

35.  Cao, Ye., MS Thesis, “Modeling of Human Exposure to Fine Particulate Matter sing 

a Stochastic Scenario-Based Model, August 2010. 

 

36.  Graver, B., MS Thesis, “Measurement, Prediction, and Evaluation of Microscale 

Energy Use and Emissions for a Plug-In Hybrid Electric Vehicle Based on Real-

World Driving Data,” August 2010. 

 

37.  Sandhu, G., MS Thesis, “Methods For Quality Assurance Of Portable Emissions 

Measurement System Data and Methods For Field Comparison Of Alternative 

Fuels,” August 2010. 
 

NATIONAL PUBLIC SERVICE – PEER REVIEW AND ADVISORY 

PANELS 
(a) Invited Participant, U.S. Environmental Protection Agency workshop on 

Monte Carlo simulation in exposure assessment, June 1992. 
 
(b) Peer Reviewer, U.S. Environmental Protection Agency Exploratory 

Research Grants Program.  June 1994. 
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(c) Peer Reviewer, U.S. Environmental Protection Agency Graduate 

Fellowship Program.  Spring 1995.  Three day review meeting was held in 

Washington, DC in March. 
 
(d) Scientific Peer Review Panelist, U.S. Environmental Protection Agency 

draft report to Congress on Air Toxics Emissions from Fossil-Fuel-Fired 

Electric Power Plants.  Activity occurred from June to August 1995.  The 

peer review panel consisted of ten nationally recognized experts in air 

toxics, risk assessment, environmental control, and related fields. 
 
(e) Invited to present at the U.S. Department of Energy's national laboratories' 

Energy Coordinating Committee subcommittee on research planning.  The 

meeting was held in Dallas, Texas on September 12, 1995.  The 

presentation was on "A Method for Federal Energy Research Planning".  

The meeting was attended by representatives of Argonne National 

Laboratory, Lawrence Berkeley National Laboratory, Lawrence Livermore 

National Laboratory, Oak Ridge National Laboratory, Pacific Northwest 

Laboratory, and Sandia National Laboratory. 
 
(f)  Oversaw the creation and testing of World Wide Web site for the Society 

for Risk Analysis, December 1996 - March 1997. 
 
(g) Peer Reviewer, U.S. Environmental Protection Agency, Office of Mobile 

Sources, 1998. 
 
(h) Peer Reviewer, U.S. Environmental Protection Agency, Risk Assessment 

Forum, 1998. 
 
(i)  Peer Reviewer, U.S. Environmental Protection Agency, Office of 

Policy, Planning, and Evaluation, 1998. 
 
(j)  Proposal Review Panel, “Professional Opportunities for Women in 

Research and Education,” National Science Foundation, Arlington, VA, 

March 10, 1998 
 
(k) Chair of expert advisory workshop, sponsored by U.S. Environmental 

Protection Agency, Risk Assessment Forum, held April 21-22, 1998 in 

New York City. 
 
(l)  Member of Residual Risk Subcommittee, appointed by US EPA’s Science 

Advisory Board (SAB) Executive Committee, to review EPA’s draft 

Report to Congress on Residual Risk Assessment.  The subcommittee met 

in RTP on August 3, 1998.  The subcommittee’s report will be completed 

in September 1998.  Contributed independent review comments, 

participated in panel discussions, provided post-meeting comments in a 

written report, reviewed the draft report of the subcommittee prepared by 

the chair, and provided additional comments interactively with other 

members of the committee. 
 
(m) Invited to serve on a U.S. Environmental Protection Agency Science 

Advisory Panel (SAP) that met May 24-25, 1999 in Crystal City, VA, to 
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review a draft EPA report related to pesticides.  The SAP is a peer-review 

activity mandated by the Federal Insecticide, Fungicide and Rodenticide 

Act (FIFRA), similar in nature to the EPA Science Advisory Board. 
 
(n) Invited to serve on a U.S. Environmental Protection Agency Science 

Advisory Panel (SAP) that met March 1-2, 2000 in Crystal City, VA, to 

review draft EPA reports related to risk assessment of human exposure to 

pesticide residues in produce.  Contributed substantially to the report of 

the SAP. 
 
(o) Served as an outside reviewer on a Technical Qualifications Board (TQB) 

in the National Center for Environmental Assessment of the U.S. 

Environmental Protection Agency on March 8, 2000 in Research Triangle 

Park, NC.  A TQB is similar to a promotion review committee.  The TQB 

reviewed the technical and scientific qualifications of a particular EPA 

employee who is a candidate for promotion to a higher grade level within 

the Federal civil service. 
 
(p) Participant in “North Carolina Air Quality Roundtable:  Transportation 

Conformity.”  The Roundtable is a group of leaders from Federal, state, 

and local government, industry, public interest groups, and academia to 

develop strategies for dealing with transportation and air quality issues.  

Particpated in four sessions of the Roundtable from August 2001 through 

March 2002. The roundtable was organized by the Center for 

Transportation and the Environment. 
 
(q) Participant in March 5, 2002 meeting of the Greater Triangle Regional 

Council on the topic of air quality and transportation.  Held at RDU 

Airport Authority building.  Another meeting is planned for April/May 

2002 and I plan to participate if possible. 
 
(r) Peer Review, Food Safety and Inspection Service draft report on 

“Draft FSIS Risk Assessment for Listeria in Ready-to-Eat Meat and 

Poultry Products,” prepared a 21 page report containing detailed 

comments on modeling methodology, March 2003. 
 
(s) Appointed to a four year time on the EPA FIFRA SAP (please see items m 

and n above).  April 2004-August 2006. 
 
(t)  Invited member, National Research Council Committee on the Effects 

of Changes in New Source Review Programs for Stationary Sources of 

Air Pollutants, March 2004 to Summer 2006. 
 
(u) Review of SBIR proposal for USDA, April 2004. 
 
(v) Member of Technical Panel, Probabilistic Risk Analysis Working Group, 

Risk Assessment Forum, U.S. Environmental Protection Agency, and 

Co- Chair of Working Group 1 – Utility of PRA for Decision Making 

(preparing a white paper), August 2006 to present. 
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(w) Clean Air Scientific Advisory Committee (CASAC):  provides 

scientific review for the National Ambient Air Quality Standards. 
 

i.   Member of statutory CASAC, appointed by the Administrator of the 

U.S. Environmental Protection Agency to a three – year term (October 

2008 to September 2011). 
 

ii.   Member, Particulate Matter (PM) Review Panel, September 2007 to 

July 2010. 
 

1.   Review of Draft Integrated Review Plan, Teleconference, 

November 30, 2007. 
 

2.   Review of 1
st 

Draft of the Integrated Science Assessment, and 

Scope and Methods Plan for the Risk and Exposure Assessment, 

Public Meeting, April 1-2, 2009, Chapel Hill, NC 
 

3.   Review of 2
nd 

Draft of the Integrated Science Assessment, 1
st 

Draft 

of the Risk and Exposure Assessment, and 1
st 

Draft of the Visibility 

Assessment, Public Meeting, October 5-7, 2009, Chapel Hill, NC 
 

4.   Review of 2
nd 

Draft of the Risk and Exposure Assessment, and 2nd 

Draft of the Visibility Assessment, 1
st 

Draft of the Policy 

Assessment, Public Meeting, March 10-11, 2010, Chapel Hill, NC. 
 

5.   Review of 2
nd 

Draft of the Policy Assessment, Public Meeting, 

July 26-27, 2010, Chapel Hill, NC. 
 

iii.   Member, Carbon Monoxide (CO) Review Panel, 
 

1.   Review 1
st 

Draft of Integrated Science Assessment, and Scope and 

Methods Plan for the Risk and Exposure Assessment, Public 

Meeting, May 12-13, 2009, Chapel Hill, NC. 
 

2.   Review 2
nd 

Draft Integrated Science Assessment and 1
st 

Draft 

Risk and Exposure Assessment, Public Meeting, November 16- 

17, 2009, Chapel Hill, NC 
 

3.   Review 2
nd 

Draft Risk and Exposure Assessment, and Draft Policy 

Assessment, Public Meeting, March 22-23, 2010, Chapel Hill, NC. 
 

iv.  Nitrogen Dioxide (NO2) Review Panel 
 

1.   Review of Proposed Rule for the Revision of the NAAQS for 

NO2, public teleconference, August 10, 2009. 
 

v.   Sulfur Dioxide (SO2) Review Panel 
 

1.   Review of 2
nd 

Draft, Risk and Exposure Assessment, Public 

Meeting, April 16-17, 2009.  Chapel Hill, NC. 
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vi.  SOx/NOx Secondary Standard Review Panel 
 

1.   Review of Second Draft, Risk and Exposure Assessment, Public 

Meeting, July 22-23, 2009, Durham, NC. 
 

2.   Review of 2
nd 

Draft Policy Assessment, Public Meeting, 

October 6-7, 2010, Durham, NC. 
 

3.   Review of Final Policy Assessment, Public Meeting, February 15-16, 

2011, Chapel Hill, NC 
 

vii.   Lead Review Panel (Chair of Panel) 
 

1.   Review of Integrated Review Plan –May 5, 2011 
 

2.   Review of 1
st 

Draft Integrated Science Assessment –July 20-21, 

2011, RTP, NC 
 

viii.   Ozone Review Panel 
 

1.   Review of First Draft Integrated Science Assessment and Scope & 

Methods Plan for Risk and Exposure Assessment, May 19- 20, 2011, 

RTP, NC 
 

(x) Invited member of ad hoc peer review panel to review the U.S. 

Environmental Protection Agency’s draft Report on the Environment, 

Washington, DC, January 11, 2008. 
 

(y) Invited member of ad hoc peer review panel to review nine 

proposals, National Science Foundation, Washington, DC,  January 

28, 2008. 
 

(z) Invited member, U.S. Environmental Protection Agency, Advisory Council 

on Clean Air Compliance Analysis, Review of the Characterization of 

Uncertainty in the Estimated Benefits of Reduced PM-Mortality using 

Expert Elicitation, Washington, DC, May 8, 2008.  Report completed in 

July 2008. 
 

(aa)  Invited member, National Research Council Committee on 

Tetrachloroethylene, August 2008 to September 2009. 
 

(bb)  Member, U.S. EPA Science Advisory Board (SAB) Expert Elicitation 

Advisory Panel, November 2008 – June 2009. 
 

(cc)  Member, Board on Environmental Studies and Toxicology, National 

Research Council, October 2009 to September 2012. 
 

(dd)  Invited Expert Panelist, US EPA Multipollutant Science and Risk Analysis 

Workshop, February 22-24, 2011, Chapel Hill, NC (served on four 

panels). 
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(ee)  Invited Expert, U.S. EPA Advisory Council on Clean Air 

Compliance review of EPA’s draft Report to Congress on black 

carbon particulate matter, April 18-19, 2011, Washington, DC. 
 

INTERNATIONAL PUBLIC SERVICE 
 

(a)  Invited to join the United States delegation to Intergovernmental Panel on 
Climate Change (IPCC) Expert Panel on Good Practice in Inventory 
Preparation:  Cross-Sectoral Methodologies for Uncertainty Estimation and 
Inventory Quality, held October 5-7, 1999 in Culham, England (near 
Oxford).  I was an active participant in Working Group 2:  Quantifying 
Uncertainties in Practice and contributed substantially to the draft guidelines 
on uncertainty analysis of greenhouse gas emission inventories.  The expert 
meeting was attended by approximately 100 experts from approximately 40 
countries.  My participation in the meeting was sponsored by the U.S. 
Environmental Protection Agency. 

 

(b)  Peer Review, Joint FAO/WHO Guidelines on Exposure Assessment of 

Microbial Hazards in Food and Water, Fall 2002. 
 

(c)  Drafting Group member and Invited Participant, Joint FAO/WHO 

Workshop on “Guidelines on Risk Characterization of Microbiological 

Hazards in Food,” Helsingor, Denmark, February 24-28, 2003.  Drafted 

sections on quantitative analysis of variability and uncertainty and 

regarding sensitivity analysis methods in collaboration with other 

international experts. 
 

(d)  Invited participant, international workshop on probabilistic 

exposure assessment, Belgium, November 2003. 
 

(e)  Steering Committee member and lead author, NARSTO Emission 

Inventory Assessment, 2003-2005.  NARSTO is a trilateral Canadian, 

U.S., and Mexican organization. 
 

(f)  Invited member of organizing committee, German-American Frontiers of 

Engineering symposium for May 2005, National Academy of Engineering 
 

(g)  Invited Lead Author, Intergovernmental Panel on Climate Change 

(IPCC), Revisions to existing guidance on uncertainty analysis of 

greenhouse gas emissions.  Attended lead author meetings in Oslo, 

Norway, May 4-6, 2004, Manila, the Philippines January 11-13, 2005, and 

Sydney, Australia, December 15-17, 2005. 
 

(h)  Invited participant in World Health Organization (WHO) effort to 

develop international guidance on probabilistic exposure assessment, 

2005-2007. Most recent meeting was in March 2007 in Bradford, 

England. 
 

(i)  Invited participant, NARSTO Multi-pollutant air quality management 

assessment, 2007.  NARSTO is a trilateral Canadian, U.S., and Mexican 

organization.  Attended kick-off meeting in RTP, NC January 9-10, 
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2007. Will attend ecological effects working group meeting in 

Burlington, VT, April 12-13, 2007. 
 

(j)  Co-organizer of International Seminar on Transportation and Impacts, 

March 6, 2008, Lisbon, Portugal. 
 

(k)  Founding member of core group of the Luso-American Transportation 

Impact Studies Group (LATIS-G), formed on March 7, 2008 in Lisbon, 

Portugal. 
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ERIC M. FUJITA 

Research Professor 

Division of Atmospheric Sciences 

Desert Research Institute 

University and Community College System of Nevada 

 

Education 
 

D.Env. Environmental Science 1992  University of California, Los Angeles 

 and Engineering 

M.S. Organic Chemistry  1976  California State University, Los Angeles 

B.S. Chemistry   1973  University of California, Los Angeles 

 

Experience 
 

Dr. Fujita has over 27 years of experience in managing and conducting air quality studies.  He is 

the principal author of the field study plans for the 2000 Central California Ozone Study and 

1997 Southern California Ozone Study (SCOS97-NARSTO). His research interests include 

chemical characterization of emission sources, reconciliation of emission inventory estimates for 

VOC and PM with ambient measurements, and measurement and characterization of exposure to 

toxic air contaminants. Dr. Fujita performed source apportionment analysis of fine particles in 

Colorado’s Northern Front Range, California’s South Coast Air Basin and San Francisco Bay 

Area, Phoenix, and Bangkok Thailand. Current research includes quantifying the relative 

contribution of gasoline and diesel exhaust to ambient PM and measuring air toxic exposures 

from mobile sources. Dr. Fujita also performed volatile organic compound source apportionment 

studies for the 1987 Southern California Air Quality Study (SCAQS), 1990 San Joaquin Valley 

Air Quality Study (SJVAQS), 1993 Coastal Oxidant Assessment for Southeast Texas (COAST), 

1995 Boston and Los Angeles Study, 1996 Phoenix Ozone Study, NARSTO-Northeast 1995 

Summer Ozone Study, 1995/96 Washington Ozone Transport Study, 1996 El Paso/Juarez Ozone 

Study, and 1998 Central Texas On-Road Hydrocarbon Study.  He has conducting similar studies 

in Houston and Mexicali, Mexico. Dr. Fujita also coordinated laboratory comparisons of VOC 

measurements during the SCOS97-NARTSO, COAST and NARSTO-Northeast ozone studies.  

 

Prior to coming to DRI, Dr. Fujita was an Air Pollution Research Specialist for the Research 

Division of the California Air Resources Board where he initiated and managed extramural 

research in emission inventory development, air quality measurements, and atmospheric 

processes.  These studies included developing emission factors for mobile and stationary sources 

and assessing the effectiveness of emission control measures.  Other studies included examining 

gas and aerosol measurement methods and characterization of organic compounds in ambient air 

and emission sources. 

 

Professional Experience 

 

2000-Present Research Professor, Division of Atmospheric Sciences, Desert Research Institute, 

Reno, NV. 
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2001 Interim Executive Director, Division of Atmospheric Sciences, Desert Research 

Institute, Reno, NV. 

 

1996-2000 Associate Research Professor, Energy and Environmental Engineering Center, 

Desert Research Institute, Reno, NV. 

 

1993-1996 Assistant Research Professor, Energy and Environmental Engineering Center, 

Desert Research Institute, Reno, NV. 

 

1987-1992 Air Pollution Research Specialist, Atmospheric Processes Research Section, 

Research Division, California Air Resources Board, Sacramento, California. 

 

1983-1987 Air Pollution Research Specialist, Acid Deposition and Aerosol Research Section, 

Research Division, California Air Resources Board, Sacramento, CA. 

 

1979-1983 Air Pollution Research Specialist, Emission Control Technology Research 

Section, Research Division, California Air Resources Board, Sacramento, CA. 

 

1978-1979 Associate Air Pollution Specialist, Chemical Strategy Development Section, 

Stationary Source Division, California Air Resources Board, Sacramento, CA. 

 

1975-1977 Graduate Student Assistant, Aerosol Studies Section, Research Division, 

California Air Resources Board, El Monte, CA. 

 

Memberships 
 

Air and Waste Management Association 

American Geophysical Union 

American Association for Aerosol Research 

 

Committees and Offices 
 

Member of the National Academy of Sciences National Research Council/Transportation 

Research Board study committee to evaluate the Congestion Mitigation and Air Quality 

Improvement (CMAQ) Program from October, 1999 to April, 2002. 

Chairman of the Intersociety Subcommittee #4 on Carbon and Hydrocarbon Compounds 

Coordinating Research Council's Air Pollution Research Advisory Committee 

Technical Program Committee and editor of the proceedings for the Southern California Air 

Quality Study Data Analysis Conference 
 

Professional Activities 

Invited presentation on Mobile Source Emission and Air Quality Past Present and Future to the 

staff of the California Air Resources Board, Sacramento CA, March 2, 2011. 

Invited presentation on Mobile Source Emission and Air Quality Past Present and Future to the 

staff of the Bay Area Air Quality Management District, San Francisco, CA, February 28, 

2011. 
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Invited presentation on Inventory of Pollutant Emissions in the United States at the Chilean 

National Center for the Environment (Centro Nacional de Medio Ambiente, CENMA): 

Santiago Chile, October 12, 2010.      

Invited presentation on Need to Reconsider Future Control Strategies for Reducing Ozone Levels 

in California. at the Coalition for Clean Air Brainstorming Session, Sacramento, CA, 

August 17, 2010. 

Invited presentation on Ozone Trends in California’s South Coast Air Basin. to the staff of the 

Office of Air Quality Planning and Standards, U.S. Environmental Protection Agency, 

Research Triangle Park, NC, June 29, 2010. 

Invited presentation on Mobile Source Emissions and Air Quality in California’s South Coast 

Air Basin Past, Present and Future at a workshop organized by the Chilean National 

Center for the Environment (Centro Nacional de Medio Ambiente, CENMA), Santiago 

Chile, June 2010. 

Professional Development Course on Recent Advances in Measurement of On-Road Motor 

Vehicle Emission Factors and Composition Profiles at the 2010 AWMA International 

Specialty Conference in Xian, China, May 1-14, 2010. 

Invited presentation at the Integrated Program on Urban, Regional and Global Air Pollution, 

Workshop on Mexico Emissions Inventory, Mexico City , February 25-26, 2003 . 

Invited presentation at Health Effects Institute Workshop to Improve Estimates of Diesel and 

Other Emissions for Epidemiologic Studies Baltimore, MD, December 4-6, 2002 

Invited presentation to the National Research Council Committee on Air Quality Management in 

the United States in Denver, CO on July 18, 2001. 

Contributing author in the Encyclopedia of Environmetrics (2001), A. H. El-Shaarawi and W.W. 

Piegorsch, Editors. John Wiley and Sons Ltd. United Kingdom 

Invited presentation at the Office of Environmental Health Hazard Assessment’s Scientific 

Meeting on Approaches to Assessing Health Impacts of Gasoline-Related Exposures in 

California - “Ambient Apportionment of Toxic Air Contaminants from Gasoline-

Powered On-Road Vehicles” in Oakland, CA June 26-27, 2000 

Invited participant at the Centre for Science and Environment’s workshop to develop an air 

quality index for Delhi, India and review current air quality monitoring programs in 

Delhi, India on June 6-8, 2000. 

Invited presentation at the Society of Toxicology Workshop on “What You’ve Always Wanted 

to Know about Airborne Particulate Matter, but Were Afraid to Ask” in Philadelphia, PA 

on March 19-23, 2000. 

Respondent at the Health Effects Institute Workshop on Mobile Source Air Toxics: Exposure 

and Risk in Washington, DC on February 8, 2000. 

Invited presentation at the California Air Resources Boards workshop on “Air Pollution Health 

Effects: Data Gaps and Immediate Research Needs” in Sacramento, CA on July 29-30, 

1999. 

Invited presentation at the 1999 Urban Air Toxics Summer Symposium at Dedham, MA on July 

8-10, 1999 on HAPs monitoring data. 

Invited presentation to the National Research Council Committee to Review EPA’s Mobile 

Source Emission Factor (MOBILE) Model in Irvine, CA on March 4, 1999. 

Invited presentation to the Air Quality Planning and Assessment Division of the Texas Natural 

Resource Conservation Commission in Austin, TX on July 27, 1998 on the Northern 

Front Range Air Quality Study. 
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Invited presentation at the Western States Air Resources (WESTAR) Council’s PM2.5 

Emissions Inventory Workshop held in Reno on July 22 and 23, 1998. 

Served on expert panel for the PM2.5 Monitoring Forum held in Sacramento on March 17, 1998 

by the California Air Resources Board. 

Invited presentation at the meeting of the U.S./Mexico Air Quality Workgroup in San Diego on 

October 16, 1997 on apportionment of ambient hydrocarbon in Paso del Norte region. 

Invited presentation in Washington D.C. on October 16, 1997 to the Federal Advisory 

Committee Act (FACA) Subcommittees on Modeling and In-Use Vehicle Deterioration 

on the use of ambient data to evaluate emission inventories. 

Invited presentation at the Cascadia Tropospheric Ozone Peer Review Meeting in Seattle, WA. 

on September 9, 1997 on apportionment of volatile organic compounds in western 

Washington. 

Reviewer of U.S. EPA Internal Research Proposals. 

Vice Chair, Session 15P, 1995 A&WMA 88th Annual Meeting, San Antonio, TX 

Reviewer of the North American Strategy for Tropospheric Ozone 

Invited reviewer of EPA's Western Conifer Research Cooperative's Study the Effects of Acid 

Deposition on Western Forests (1986-87) 

Invited reviewer of the National Acid Precipitation Assessment Program National Acid 

Deposition Monitoring Program 

 

Publications 

 

Pine, S. and E. Fujita (1977). Ylide Autoxidation During the Stevens Rearrangement. J. Organic 

Chemistry, 42, 1460. 

 

Fujita, E. and B. Croes (1990). Formaldehyde Emissions in the South Coast Air Basin Derived 

from Ambient Measurements. In Transactions, Tropospheric Ozone and the 

Environment, R.L. Berglund, D.R. Lawson and D.J. McKee, eds. Air & Waste 

Management Association, Pittsburgh, PA, pp. 717-739. 

 

Grosjean, D., E. Tuazon and E. Fujita (1990). Ambient Formic Acid in Southern California Air: 

A Comparison of Two Methods, Fourier Transform Infrared Spectroscopy and Alkaline 

Trap-Liquid Chromatography with UV Detection. Environ. Sci. Technol., 24, 144. 

 

Fujita, E., B. Croes, C. Bennett, D. Lawson, F. Lurmann and H. Main (1992). Comparison of 

Emission Inventory and Ambient Concentration Ratios of CO, NMOG, and NOx in 

California's South Coast Air Basin. J. Air Waste Manage. Assoc., 42, 264. 

 

Chow, J.C., J.G. Watson, E.M. Fujita, Z. Lu, D.R. Lawson and L.L. Ashbaugh (1993). Temporal 

and Spatial Variations of PM2.5 and PM10 Aerosol in the Southern California Air 

Quality Study. Submitted to J. Exposure Anal. Environ. Epidemiology. 

 

Fujita, E.M., editor (1993). Proceedings of the SCAQS Data Analysis Conference. Air & Waste 

Management Association, Pittsburgh, PA. 

 



Page 77 

Fung, K., M. Porter, D. Fitz and E.M. Fujita (1993). Examination of Factors Affecting the 

Measurement of Hydrocarbons and Carbonyl Compounds for the Collaborative 

SJVAQS/AUSPEX Program. In Planning Air Quality Measurement and Modeling 

Studies: A Perspective Through SJVAQS/AUSPEX, P. Solomon, ed., Air & Waste 

Management Association, Pittsburgh, PA. 

 

Chow, J.C., E.M. Fujita, J.G. Watson, Z. Lu, D.R. Lawson and L.L. Ashbaugh (1994). 

Evaluation of Filter-Based Aerosol Measurements During the 1987 Southern California 

Air Quality Study. Environ. Monitor. Assess. 30, 49-80. 

 

Chow, J.C., J.G. Watson, E.M. Fujita, Z. Lu, D.R. Lawson and L.L. Ashbaugh (1994).  Temporal 

and Spatial Variations of PM2.5 and PM10 Aerosol in the Southern California Air 

Quality Study.  Atmos. Environ., 28, 2061-2080. 

 

Fujita, E.M., D.R. Goff, D.R. Lawson, A. Barnett, J.H. Price, J. Gibich, K.W. Rozacky, C.L. 

Martin, W.A. Lonneman, S.D. Hoyt, R.A. Rasmussen, W.L. Crow and L.D. Ogle (1994). 

Interlaboratory Comparison for Analysis of Hydrocarbons During the Coastal Oxidant 

Assessment for Southeast Texas (COAST) Project.  In Proceedings of the 1994 U.S. 

EPA/A&WMA International Symposium on Measurement of Toxic and Related Air 

Pollutants, Durham, NC, 2-6 May 1994, Air & Waste Management Association, 

Pittsburgh, PA, pp. 173-183. 

 

Fujita, E.M., J.G. Watson, J.C. Chow and Z. Lu (1994).  Validation of the Chemical Mass 

Balance Receptor Model Applied to Hydrocarbon Source Apportionment in the Southern 

California Air Quality Study.  Environ. Sci. Technol., 28, 1633-1649. 

 

Fung, K., M. Porter, D. Fitz and E.M. Fujita (1994). Evaluation and Development of Methods for 

the Measurement of Hydrocarbons and Carbonyl Compounds. In Planning and Managing 
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2. Is affiliated with an industry, governmental, public interest, or other group which has 

expressed a position concerning the subject(s) under consideration by the panel. 

 

Conflict of Interest:  For a peer review, as defined by the National Academy of Sciences,
3
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 U.S. EPA (2009). Science Policy Council Peer Review Handbook. 

   OMB (2004).  Final Information Quality Bulletin for Peer Review. 
3 NAS (2003).  "Policy and Procedures on Committee Composition and Balance and Conflict or Interest for Committees Used in 

the Development of Reports" (www.nationalacademies.org/coi). 
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Policy and Process 

 

● Candidates with COI, as defined above, will not be eligible for membership on those panels 

where their conflicts apply. 

 

● In general, candidates with bias, as defined above, on a particular issue will be eligible for all 

panel memberships; however, extreme biases, such as those likely to impair a candidate's 

ability to contribute to meaningful scientific discourse, will disqualify a candidate. 

 

● Ideally, the composition of each panel will reflect a range of bias for a particular subject, 

striving for balance. 

 

● Candidates who meet scientific qualifications and other eligibility criteria will be asked to 

provide written disclosure through a confidential questionnaire of all potential COI and bias 

issues during the candidate identification and selection process. 

 

● Candidates should be prepared, as necessary, to discuss potential COI and bias issues. 

 

● All bias issues related to selected panelists will be disclosed in writing in the final peer 

review record. 
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contributor, or an earlier reviewer of the document(s) being reviewed by this panel? 

 

YES___ NO_X_  DON'T KNOW___ 
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plans to conduct or seek work related to the subject of this peer review following the 

completion of this peer review panel? 
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to the subject of peer review)? 

 

YES___ NO_X_  DON'T KNOW___ 

 

4. Have you (or your spouse/partner or dependents) or your current employer commented, 

reviewed, testified, published, made public statements, or taken positions regarding the 

subject of this peer review? 
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objective, scientific evaluation of the subject of the review? 
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6. Do you know of any reason that you might be unable to provide impartial advice or 

comments on the subject review of the panel? 
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Appendix C:  Peer Review Charge 
 

Charge to Peer Reviewers of Estimates of the Fraction of the Fleet with High Evaporative Emissions 
based on the Ken Caryl Station (Denver, Colorado) Field Study 

 
Gasoline vehicles have evaporative emissions control systems that control excessive evaporative 
emissions.  Gasoline vapors can also be evaporated liquid gasoline, if liquid leaks are present.  When 
these systems or the vehicle’s gasoline delivery system malfunction, excessive evaporative emissions 
can be emitted.  Few estimates of the frequency of vehicles in just such a state in the fleet exist, though 
vapor leaks can have an impact on the inventory of vehicle emissions. 
 
As part of the effort to quantify evaporative emissions from the fleet of gasoline-powered on-road 
vehicles in the developing MOVES mobile sources inventory model, EPA would like to know the 
distribution of the mass of evaporative emissions across all vehicles in the fleet. Evaporative emissions 
occur in light-duty vehicles when volatile components of gasoline are emitted or when raw gasoline 
leaks from the fuel system and the evaporative emissions control system.  To meet the evaporative 
emissions modeling needs of the MOVES model, EPA and its stakeholders have conducted studies to be 
able to model these evaporative emissions in MOVES. 
 
The Coordinating Research Council - Real World Group through its E-77 and E-77-2 permeation 
evaporative emission testing programs has confirmed that leaks, both liquid and vapor, can be a 
significant part of any fleet hydrocarbon inventory.  This indicated a major impact for inventory, 
establishing the need to define the rate of occurrence of “leakers” in the in-use fleet.  The missing piece 
of information is how often the leaking vehicles are occurring.  Subsequent laboratory testing in the E-
77-2c program implanted similar size leaks, not only at the gas cap but in other locations which were 
indicated as high occurrence in the initial field testing work.  EPA’s initial estimate was that “High Evaps” 
make up on the order of 1% of the gasoline-fueled vehicles in the fleet but there has been evidence that 
this was lower than what is occurring in the real world.  This report uses Colorado I/M evaporative 
emission data to estimate the fractions of various levels of high evaporative emission vehicles, the 
prevalence of High Evaps, in the mix of vehicles that patronized the Denver Ken Caryl I/M station during 
the summer of 2009.  Ultimately, EPA would like to know the distribution of the mass of evaporative 
emissions across all vehicles in the fleet. 
 
The study performed at the Ken Caryl IM station in Denver, CO built upon the prior CRC/EPA testing 
experience. Vehicles entering the Ken Caryl station driveway were screened by an RSD unit using an 
evaporative index described as EI23. A stratified sample of model year 1961 and newer vehicles were 
offered participation in intensive evaporative emissions testing, which consisted of the portable sealed 
housing for evaporative determination (SHED) hot-soak test, the visual, olfactory, and electronic sniffer 
examination of the vehicle (MCM test) and additional RSD measurements.  Overall, the study reinforced 
an earlier connection seen between RSD and portable SHED values for real-world light-duty gasoline 
vehicles with testing of a wider range of model years and RSD vehicle speeds. 
 
The objective of this report is to provide estimates of the high evaporative emission fraction of the 
Denver fleet based on portable SHED data. One estimate of this fraction can be made by de-stratifying 
the portable SHED measurements collected summer of 2009 at the Ken Caryl I/M station according to 
the distribution of EI23 Bin values observed in the sample of vehicles that patronized that station during 
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the study period. The CRC E-77 and E-77-2 studies and the Lipan (Colorado) I/M Station studies all 
preceded the Ken Caryl study, which provides the background and data for this report.  
 
From the vehicle selection and testing at Ken Caryl, two data sets are used to perform this analysis. The 
first is the set of 175 vehicles that were participants in the study and therefore received RSD 
measurements and portable SHED measurements. The second is the set of all 5830 vehicles that entered 
the station driveway during the study and represent the fleet of vehicles that patronize Ken Caryl.  Most 
of these vehicles were not participants in the study and these therefore have only RSD measurements 
but no portable SHED measurements. The portable SHED values of the 175 participants were de-
stratified using the RSD index to estimate the distribution of portable SHED values of the 5830 vehicles 
that entered Ken Caryl during the study period.  The results give an estimate of the fraction of “high” 
portable SHED vehicles for different definitions of a high portable SHED result. 
 
The RSD and portable SHED results on the 175-vehicle stratified sample of vehicles entering Ken Caryl 
was used to establish a relationship between the EI23 evaporative emissions index and hot-soak 
emissions as measured by the portable SHED test.  This relationship was then applied to the 5830-
vehicle random set, which is made up of most vehicles that entered the I/M station driveway during the 
study period.  Standard de-stratification techniques are used to estimate the fraction of the Ken Caryl 
fleet that is expected to have portable SHED results greater than various definitions of a high portable 
SHED value, “cutpoint”.  The de-stratification technique is also applied to the Ken Caryl fleet as a 
function of model year group. A Monte Carlo simulation provides a means of estimating the influence of 
various uncertainties in the Ken Caryl data on the uncertainty of the calculated high portable SHED 
result fraction. An estimate of the uncertainty is critical to understanding the quality of the results of a 
calculated high portable SHED value fraction. This, in turn, provides important guidance to EPA for using 
the results of the calculations for MOVES.   
   
You are asked to review and provide expert comments on the Estimates of the Fraction of the Fleet with 
High Evaporative Emissions based on the Ken Caryl Station (Denver, Colorado) Field Study (High Evap 
Study).  You are being provided the High Evap Study under cover of this charge and will be provided a 

background document separately.  
 
Your written comments should address all aspects of the report (methodologies, analysis, conclusions, 
and narrative) and should be sufficiently clear and detailed to allow readers to thoroughly understand 
their relevance to the High Evap Study.  Please deliver your final written comments to SRA by Friday, 
December 30. 
 
All materials provided to you as well as your comments should be treated as confidential, and should 
neither be released nor discussed with others outside of the review panel.  Once EPA has made its 
reports and supporting documentation public, EPA will notify you that you may release or discuss the 
peer review materials and your review comments with others. 
 
Should you have questions about what is required in order to complete this review or need additional 
background material, please contact Brian Menard at SRA (Brian_Menard@sra.com) or (434-817-4133). 

mailto:Brian_Menard@sra.com
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Appendix D:  Reviews 

 
Peer Review of 

Estimates of the Fraction of the Fleet with High Evaporative Emissions based on the Ken Caryl Station 
(Denver, Colorado) Field Study 

 
Prepared by: 

 
H. Christopher Frey, Ph.D. 
Independent Consultant 

Raleigh, NC 
 

Prepared for: 
 

SRA International, Inc. 
 

December 30, 2011 
 
This is a peer review of a report drafted by Eastern Research Group, Inc. of Austin, TX for the U.S. 
Environmental Protection Agency.  The review was commissioned by SRA International, Inc. on behalf of 
U.S. EPA.   
 

Synopsis 
 
The subject report is a summary of measurements of evaporative emissions made on samples of 
vehicles in the Denver, Colorado area using a portable “SHED” method.  The term SHED is undefined in 
the ERG report but refers to Sealed Housing for Evaporative Determination (SHED), and is an existing 
and established method for measuring evaporative emissions from vehicles.  A portable SHED (PSHED) 
was used at a particular inspection and maintenance (IM) station in the Denver area, known as the Ken 
Caryl IM Station, to measure a sample of vehicles.  Vehicles were selected for PSHED measurements 
based on a screening measurement made with a Remote Sensing Device (RSD).  Remote sensing 
measurements were used to estimate a quantity “EI23.”  Depending on the value of the EI23 quantity, 
each vehicle passing through the screening RSD site was assigned to an EI23 “Bin.”  A prior estimate was 
made of the probability that a vehicle in each bin would be a ‘high’ emitter of evaporative emissions.  
Based on the assignment to an EI23 bin, and the prior estimated probability of being a high emitter, 
vehicles were invited at random for additional measurements.  If the driver accepted the invitation, the 
vehicle underwent additional remote sensing measurements and also underwent a PSHED 
measurement. 
 
In prior work, measurements were made on a different vehicle fleet to assess the concordance between 
SHED and PSHED measurements.  The two methods were found to produce similar results on average, 
with a small bias in the PSHED measurement compared to the SHED measurement.  However, there 
appears to be substantial random deviation of individual PSHED measurements compared to SHED 
measurements of the same vehicle under approximately similar conditions.  A key assumption in the 
analysis of Ken Caryl IM Station data is that the PSHED measurement is a suitable substitute for the 
more widely accepted SHED measurement. 
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Based on the ‘stratified’ sample of vehicles that underwent additional measurements at the Ken Caryl 
IM Station, inferences were made regarding the observed fraction of vehicles in each EI23 Bin that had 
‘high’ evaporative emissions rates according to PSHED measurements.  These data were used to 
estimate the overall fraction of high evaporative emitters for all vehicles that entered the Ken Caryl IM 
Station during the study period.  The report concludes with some comments about uncertainties in the 
estimates and regarding a possible future Monte Carlo study to more thoroughly quantify such 
uncertainties.  
 

Report Writing 
 
The review of this report was significantly hampered by the very poor quality of the report organization 
and writing. 
 
A key question when writing any report is:  Who is the intended audience for this report?  The intended 
audience should include all stakeholders of the MOVES model, since this effort appears to be aimed at 
providing a technical basis for quantification of the fraction of the on-road fleet that has high 
evaporative emissions rates.  However, as written, the report is aimed at fellow technicians who are 
familiar with the undefined shop jargon used by the authors.  This report contains repeated sloppy use 
of jargon that may be meaningful to the report authors, but that make the report difficult to read by 
anyone else.  Table 1 is a list of terms that are introduced in the text without definition, without 
adequate definition, or that should be introduced, defined, and used in the text.  The list of terms in 
Table 1 should be used to construct a glossary for this report.  When a term is first used in the text, it 
should be defined in the text. 
 
Table 1.  Terms Introduced in Draft Report Without Definition or Explanation:  these terms should be 
defined/explained when first mentioned.  A glossary of these terms with definitions should also be 
created. 
 

Terms that Need to be Defined Comment 

Aging enhanced evaporative emissions vehicles ?  given lack of definition of ‘aging,’ and 
‘enhanced,’ the meaning of this is unclear to the 
readers. 

Aging enhanced vehicles Undefined.  Explain this. 

Approximate algorithm No idea what this means.  Needs to be explained. 

As-received condition Should explain what this means. 

Beam block This is shop jargon.  The intended meaning seems 
to be exhaust plume measurement.  Needs to be 
defined/explained when first used. 

Bench purged Presumably, this implies that the canister was 
removed from the vehicle and purged (how) on a 
lab bench.  Needs more explanation for clarity. 

(cont.) 
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Terms that Need to be Defined Comment 

Bias (systematic error, inaccuracy) See comments 

Bin de-stratification De-stratification with respect to what?  How? 

De-stratify (and de-stratifications) This term is used without definition. Not clear what 
this is. 

Detection limit Mentioned on p 4-31 but not defined. 

EI23 Mentioned numerous times without any 
explanation 

EI23 Bins Define when first mentioned.  Introduce in a new 
methodology chapter prior to using this term in 
results chapters 

Electronic HC sniffer Is this relevant to the content of the report?  If not, 
delete.  If so, then explain. 

ESP ?  Seems to be the name of a company. ESP, Inc.? 

Evaporative emissions canister Is this a canister that produces evaporative 
emissions?  Need to explain to the reader what this 
is.  A corresponding conceptual diagram of the 
source of evaporative emissions and methods for 
prevention and control of evaporative emissions 
would help in explaining what this (and other 
relevant vehicle systems or components) is. 

g/Qhr Is not defined until page 4-4, although it is used in 
earlier parts of the report. 

Gross liquid “leakers” Is there a quantitative definition of this, or at least 
a working definition?  Explain. 

HC As good practice any abbreviation should be 
defined when first used. 

high evaps This is shop jargon.  A formal technical report 
should have thoughtfully developed and carefully 
defined terminology. 

High running loss emissions What constitutes “high”?  by what criterion or 
criteria? 

High-PSHED, and “high-PSHED fraction” This term is shop jargon.  The intended meaning 
appears to be “vehicles with high evaporative 
emissions as measured using the Portable SHED 

(cont.) 
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Terms that Need to be Defined Comment 

Hot 505 This is undefined.  Presumably, this is a hot 
stabilized dyno test cycle.  If so, then give the graph 
of speed versus time and provide some 
explanation. 

Hot soak define 

IM Yes, most readers will know what this is, but as 
good practice any abbreviation should be defined 
when first used. 

Implanted leak Undefined.  Explain this.  Give an example. 

Index/PSHED This term is unclear 

Intrusive pressure test What is this? 

Ken Caryl Introduced asif the name of a person, this should 
be consistently termed “Ken Caryl IM Station” or 
something similarly descriptive (e.g., Caryl Station). 

leakers Is there a quantitative definition of this, or at least 
a working definition?  Explain. 

Low evap More shop jargon.  A formal technical report 
should have thoughtfully developed and carefully 
defined terminology. 

Low running loss emissions What constitutes “low”?  by what criterion or 
criteria? 

Method A Define.  Introduce in methods chapter. 

Method B Define.  Introduce in methods chapter. 

Modified California Method Define.  If not relevant to this report, delete. 

MOVES MOVES is mentioned but never introduced or 
explained. 

Near-zero vehicle Undefined.  Explain this 

Noise, noisy Used on page 4-31 without definition 

OBD code to flag I know what the authors are trying to say, but 
many readers will have no idea.  First, explain OBD 
and what is an OBD code.  Explain what is meant by 
‘flag’. 

(cont.) 



Page 120 

 

Terms that Need to be Defined Comment 

OBD evaporative codes What are these?  Needs to be explained 

Odometer Resolution What is the meaning of the codes given in Table 4-
1? 

ORVR ? 

Precision (imprecision) See comments 

Pre-enhanced vehicles Undefined.  Explain this. 

Pretesting Page 4-2 

PSHED PSHED is defined on page 1-1 as “portable SHED”, 
but “SHED” is not defined. 

RSD The term RSD is used on page 1-1 without 
definition.   

RSD Method B This method should be introduced and explained in 
a methodology section of the report. 

Running loss emissions Define/explain 

Seal Barometric Pressure Table 4-2:  this term is undefined.  There needs to 
be a footnote to explain what this is. 

Seal Temperature (F) Table 4-2:  this term is undefined.  There needs to 
be a footnote to explain what this is. 

Selection RSD Mentioned on page 4-3.  An “RSD” is a 
measurement device, but the term “RSD” is used 
inappropriately to refer to a measurement of a 
specific vehicle.  The intended meaning of 
“Selection RSD” is “screening remote sensing 
measurement.”  The screening measurement is 
used to determine whether the vehicle will be 
recruited for addition RSD measurements and 
PSHED measurements. 

SHED Amazingly, SHED is not defined the first time it is 
mentioned, on page 1-1. 

Slow vapor leaks What is a “slow” leak?  Does this refer to a low 
emissions leak?  Of vapor?  Of evaporating liquid?  
Needs to be defined and explained. 

Standard de-stratification techniques ? undefined. 

(cont.) 
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Terms that Need to be Defined Comment 

Standard I/M inspection Explain.  Or, if not relevant, delete. 

Stratified sample  With respect to what?  This term needs to be 
explained when first used. 

Stratified set Explain in new methods chapter. 

Uncertainty Should be defined – see comments 

VDF Table 4-2:  this term is undefined.  There needs to 
be a footnote to explain what this is. 

VECI Engine Family Table 4-1.  needs to be defined in a footnote. 

VECI Evap Family Table 4-1.  needs to be defined in a footnote. 

 
The report needs substantial copy editing by a competent technical writer.  For example, the report 
contains frequent use of the first person, which is inappropriate in formal technical writing.  In 
numerous places, statements of belief are made (e.g., “we believe”).  The reader does not care what the 
authors ‘believe.’  The reader cares about what is known and what is not known, and reasonable 
interpretations based on evidence.   The report contains numerous metaphors, which are inappropriate 
for formal technical writing.  For example, several times the authors describe what an instrument ‘sees.’   
Aside from these problems there are numerous instances of unclear yet repetitive statements.  If a 
student had handed me this draft report, I would have read a few pages and then handed it back as 
unacceptable.    
 
As an example of poor writing, consider the last paragraph on page 4-2.   
 

What are ‘pretesting data’?  ‘All of that pretesting data was’ could simply be “These data were.”  
“receive RSDs”  - this doesn’t make sense.  How does a vehicle receive a remote sensing device?  
The intended meaning seems to be “were measured using remote sensing.”  Having read the 
appendix, I cannot figure out the basis for the statement “Analysis of the EI23 index…  “  “to 
allow the EI23 to be less dependent on an exhaust emissions, we developed EI23 Bin” is 
awkward – should be “To reduce dependence on exhaust emissions, EI23 Bins were developed.”  
Do not use first person.  And so on.  Aside from the poor wording, the key technical concepts are 
unclear.  What are the dependences and how have they been inferred?  It is frustrating to the 
reader to be told to go elsewhere for definition of EI23 and EI23 Bin but to be provided with 
details based on knowing what these concepts are, such as “EI23 Bin has integer values of 1 
through 7…”  These concepts and terms should be defined, developed, explained, etc., in a 
methods chapter prior to producing results based on these.  The paragraph introduces, perhaps 
for the first time, the term “running loss emissions,” without definition.  If EI23 Bin is central to 
the methods and interpretation, it is simply unacceptable to push it to an appendix and to give 
such short and uninformative treatment to it in the main body of the report. 
 

Aside from the poor writing, the organization of this report should be reconsidered.  Methods and 
results appear to be mixed together.  A good technical report will have a chapter devoted to methods, 
organized in a manner consistent with the order in which the methods are used later in the report.  
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Furthermore, this report tends to have too much of ‘here’s what we did’ without first introducing the 
purpose, key concepts, or basis/foundation.   
 
A technical report should have the following elements: 
 

 Introduction  
o states the challenge, problem, issue being addressed,  
o establishes the need for new work 
o clearly states the objectives of the work (note:  objectives are not a list of tasks – they 

relate to the purpose of the work) 

 Background:  Survey of relevant prior work, if needed.  Also, a brief review of the types of 
evaporative emissions and factors to which they are sensitive is needed.  For example, 
evaporative emissions are sensitive to ambient temperature. 

 Methods 
o For each major component of the analysis, state the following: 

 Overall purpose 
 Basic concept 
 Empirical or theoretical basis established in prior work (with citations) 

o Provide sufficient information regarding the methods so that someone else could 
reproduce the work – include definitions of key terms, variables, equations, algorithms, 
and so on 

o Examples of content for this chapter (illustrative) 
 Schematic of the vehicle path through the various RSDs and PSHED 
 Methods A and B for estimating plume concentrations from remote sensing 

measurements 
 EI23 definition and definition of EI23 bins 
 Approach to ‘stratification’ 

 Results 
o Results could be organized into more than one chapter if the subject matter is too much 

for one chapter 
o Results should include a clearly summary of all input data and assumptions 
o Results obtained should be from application of methods described in the methods 

chapter. 
o Results should be appropriately interpreted 

 Conclusions 
o What are the key findings that are related to the objectives stated in Chapter 1? 
o What are the key conclusions that are related to the objectives stated in Chapter 1? 
o What are the key recommendations that are related to the objectives stated in Chapter 

1? 
 

Use of Proprietary Methods 
 
Over the years, EPA has been criticized for making public policy and developing modeling tools to 
support public policy that are based on proprietary data and methods.  The use of proprietary methods 
precludes a full understanding and review of the underlying science.  A case in point are the “Method A” 
and “Method B” exhaust plume analysis methods associated with the ESP remote sensing 
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instrumentation.  Since the distinction between Method A and Method B appears to be an important 
technical consideration in this study, the lack of disclosure of what these methods are is unacceptable.   
 

Fundamental Questions 
 
There are some fundamental questions related to this work that should be part of the objectives and 
that should be addressed in the technical results and conclusions: 
 

1. Is PSHED a good surrogate for SHED? 
2. Can an RSD, if appropriately interpreted, be a good surrogate for a PSHED measurement? 

 
The first question presumes that SHED is the reference method to which all other methods should be 
compared.  What, however, is really measured in a SHED measurement?  There are many evaporative 
processes.  Some, such as refueling, are not addressed by SHED.  Which processes are addressed? 
 
In what ways are PSHED measurements similar to those of SHED measurements, and in what ways do 
they differ?  Is PSHED effectively just as good as SHED? 
 
What kinds of evaporative processes can be measured using RSD?  There is an unstated hypothesis in 
this report that RSD measurements can provide information on evaporative emissions in a manner 
comparable to that of PSHED, if only the RSD measurement is appropriate interpreted.  What is the basis 
for this hypothesis?  What evaporative processes affect the quantity of HC that is detected by remote 
sensing?  If there was no error in the measurement, would strong concordance be expected between 
RSD and PSHED?  If so, why?  A clearer statement of hypothesis and the theoretical underpinning for it 
would be helpful when interpreting results. 
 

Specific Technical Comments 
 
Page 1-1.  The first sentence refers to ‘further developing’ something that has not yet been defined in 
this report.  Please, hire a technical editor and have them go through this report very carefully.  The first 
line is poorly written, and the report that follows is also very poorly written. 
 
The purpose of the report is to estimate, not develop, fractions of various levels of high evaporative 
emissions.  However, nowhere is any justification or rationale given as to why this report is focusing on 
the Denver fleet.  Since Denver is at high altitude, and barometric pressure is a factor in evaporation, it 
is not clear that data from Denver would be representative of other parts of the U.S. 
 
A number of terms are mention on this page without definition, including SHED, Ken Caryl, RSD.  This is a 
bad way to start a report. 
 
Page 1-2 “the real investigation in this study happens in…”  this kind of colloquial writing has no place in 
a formal technical report by what is supposed to be one of the top environmental engineering 
consulting firms in the country to the Federal agency charged with quantifying and regulating air quality.  
This report needs to be taken more seriously by the authors. 
 
Background Chapter: this chapter is plagued with undefined jargon, lack of clarity of concepts, and is 
poorly organized.  It is very qualitative and vague and provides little to no insight on the topics being 
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addressed.  Examples of content missing from this report include a brief review of the types of 
evaporative emissions, factors to which such emissions are sensitive, the SHED measurement approach, 
how PSHED works, what is remote sensing, and how can remote sensing be used to infer information 
about evaporative emissions.  What does the RSD actually measure that is representative of evaporative 
emissions, and is this similar to what is measured in PSHED?  Why is there an expectation that there 
should be agreement between evaporative emissions inferred from RSD measurements versus those 
inferred from PSHEDS?  Are they measuring the same processes under similar conditions?  How might 
they differ? 
 
The background chapter should be followed by a new chapter 3 that provides an overview of the 
methods used in this report, including a schematic of the Ken Caryl IM station, the specific instruments 
deployed, the analysis methods used, etc.  Material that is now in Appendix A and B should be rewritten 
into the methods chapter. 
 
The current Chapter 3 should be rewritten as “Assessment of Concordance Between Portable and Fixed 
Location Evaporative Emissions Measurements.”  This chapter needs technical editing.  The basic 
information is useful and interesting.  The technical analysis should include quantification of the 
statistical significance of each parameter in the regression equation, the standard error of the estimate, 
the distribution of the residuals, a normality check for the residuals, the coefficient of determination, 
and other basic information that would commonly be reported as diagnostic goodness-of-fit indicators 
when developing a regression model.  To what extent are results such as in Figures 3-4 and 3-5 actually 
providing an indication of repeatability of the test – are the conditions really the same in each test?  If 
the repeatability is really this poor, what are the implications for selecting a threshold for what 
constitutes a ‘high evap’ vehicle?  It is more common to report 95% probability ranges, not 68% 
probability ranges. 
 
Chapter 4: 
 
A schematic of the Ken Caryl station is needed to illustrate what is meant by the “driveway RSD unit” 
and “Measurement RSDs”   
 
What is the purpose of “stratification.”?  Why is achieving stratification a goal in itself?  E.g., page 4-3, 
“to achieve stratification, a higher fraction of vehicles…”  The reader can eventually figure this out, but 
why can’t the authors communicate this more clearly?  The purpose seems to be to evaluate a screening 
procedure for identifying vehicles with high evaporative emissions rates, but what about goals for false 
positives or false negatives? 
 
Is it literally the case that six RSDs were used?  i.e., six remote sensing devices at six locations?  Or were 
the two highway “RSDs”  based on repeated passes by the same RSD?  The authors need to stop using 
the term “RSD” to refer to a measurement.  RSD = Remote Sensing Device and refers to an instrument.  
A measurement made using an RSD could be described as a remote sensing measurement.  What is an 
RSD beam block?  This is shop jargon (I know what it means, but most readers won’t). 
 
“These two RSDs were measured on the same RSD instrument as the Selection RSDs.”  This sentence is 
extremely sloppy, using the term “RSD” where the concept of a ‘remote sensing measurement’ should 
be used instead. 
How does a vehicle “receive” an “RSD”?  I have done measurements with an RSD, and I have never seen 
a vehicle receive an RSD. 
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What is the ‘standard I/M inspection’ – for those of us not from Denver, please explain what this is.  
Also, explain the “Modified California Method” – both of these should be documented in the new 
methods chapter that needs to be written.  Who does the olfactory examination?  What is an ‘electronic 
HC sniffer”?  Is this relevant to the report?  If not, then delete mention of these. 
 
Page 4-4:  Method A was used on ESP 4000 and 4600 instruments, and Method B was used on ESP3000 
series instruments.  Yet, results for both Methods A and B are reported in Table 4-2.  Were two RSD 
instruments used at each RSD site?  Or were both Methods A and B applied to the same data measured 
from just one RSD instrument at each site?  At the end of the paragraph is it mentioned that ‘code’ was 
‘added’ to the 4000 and 4600 series instruments – it would have helped if this was mentioned up front, 
and if there was  a prior section that more clearly disclosed the study design in terms of what 
instruments were deployed at what locations and what the vehicle path was through each RSD site.  It 
would help if this text were reorganized so that there was an intro paragraph, one paragraph on Method 
A, one paragraph on Method B, and then a paragraph that compares Methods A and B.  Are the CO, NO, 
and CO2 results shown in Table 4-2 based on Method B?  The distinction between Methods A and B with 
respect to how they deal with exhaust versus evaporative concentrations of HC is not clear.  To merely 
state that “ESP believes” that one method is responsive to exhaust and another is not is quite tenuous. 
 
Page 4-4 (bottom):  regression toward the mean…. This is stated as if it is an underlying principle in a 
rather didactic manner, but the actual concept is poorly explained here.  A measurement is biased if it is 
systematically high or systematically low.  If the error is randomly distributed with a mean of zero, then 
the measurement is subject to random error, not bias.  The random error can lead to false positives or 
false negatives if used in the context of a binary decision (e.g., vehicle is a high emitter).  This context is 
not clearly articulated.  False positives or false negatives are not necessarily a result of bias, but rather a 
result of imprecision (random error).  The discussion here of bias is thus without sufficient context and 
therefore is unclear.  
 
What role does ambient temperature have in contributing to variability in estimated evaporative 
emissions based on RSD measurements?  Since the “Temperature” in Table 4-2 (ambient temperature at 
the time of each RSD measurement?) differs from the PSHED “Seal Temperature”, what role might this 
have in confounding the results? 
 
Table 4-2:  what is the meaning of negative values for HC Method A (ppmC 3) and how are these 
interpreted?  Table 4-2 values of CO2 percent appear to be what one would expect in the tailpipe, but 
this cannot be what was actually measured in the exhaust plume.  How is the air-to-fuel ratio inferred, 
or is it assumed to be stoichiometric?  Some discussion is needed.  The text barely alludes to this.  More 
detail is needed in a methods chapter. 
 
Table 4-2:  terms PSHED and RSD in caption should be spelled out.  All nomenclature in column headers 
need to be properly defined – e.g., use footnotes. Is RSD temperature the ambient temperature at the 
date and time of the measurement?   
 
The quantity in Figure 4-1 labeled as “RSD EI23” needs to be clearly defined.  Is this based on any 
numbers given in Table 4-2?  Which specific column of Table 4-2 is “RSD EI23”?  Which specific column 
of Table 4-2 is “PSHED Mass (g/Qhr)”?  Presumably, “Measured PSHED HC at 15 Minute Soak (grams)” in 
Table 4-2 is the same as “PSHED Mass (g/Qhr)”.  However, use consistent terminology in both places to 
avoid ambiguity.  The EI23 values need to be added to Table 4-2. 
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Figure 4-1 needs better formatting.  Should use a much larger font size for the numbers on the axes, and 
consider using scientific notation rather than decimals if showing a log scale.  In the caption, spell out 
PSHED.  What is “RSD EI23”?   
 
Table 4-3 is hardly a table and is not formatted well.  Add a row for percentages of total to help in the 
interpretation.  Please change the terminology – e.g., ‘Measurement RSDs” (should be Remote Sensing 
Measurements). 
 
Table 4-4 the term “high PSHEDs” is unacceptable.  The intended meaning appears to be “high PSHED 
measurement”  “High-PSHED Definition” should be “High PSHED Measurement threshold” or criterion. 
 
What is ‘de-stratifications’? 
 
Page 4-22:  what role does ambient temperature have in the estimation of EI23?  The RSD 
measurements are made at ambient temperature.  Evaporative emissions are proportional to ambient 
temperature (something that needs to be introduced and discussed in a background or methodology 
section of this report).  Is the EI23 metric less responsive to evaporative emissions at lower ambient 
temperature?  Speed is not the only factor that affects inference of evaporative emissions.   
 
“these Selection RSDs can be used to de-stratify the stratified set and provide an estimate of the high-
PSHED fraction of the fleet…”  given the lack of clear definition of these terms, and the sloppy use of 
terminology, this sentence is unclear. 
 
‘is not an unbiased’ – why not say ‘is a potentially biased’… positive statements are always more clear 
than negative statements. 
 
Page 4-23:  “For the RSD to be useful…” should be ‘for the remote sensing measurement to be useful…” 
however, why is model year important?  Earlier, a note was made that model year was not part of the 
EI23 binning method. 
 
If there are multiple EI23 bin values available for some vehicles, these data should be analyzed 
separately to determine the robustness with which a vehicle is assigned to an EI23 bin.  Ambiguity in 
assignment to an EI23 bin would be a significant factor to consider in evaluating the usefulness of this 
method. 
 
Table 4-5.  the term “Selection RSD” needs to be changed… e.g., “screening remote sensing 
measurement”?  But the table is actually of EI23 bins and model year groups, not screening remote 
sensing measurements.  Thus, the caption is not consistent with the content of the table. 
 
A table prior to Table 4-5 would be more useful… i.e. distribution of vehicles by model year groups and 
EI23 bins for the selected (stratified?) vehicles. 
 
Page 4-24 “we will get started…”  might be okay for a presentation but this is not how a technical report 
should be worded.  Aside from this, the first paragraph in Section 4.4 is unclear and is hampered by 
repeated use of terms that are not well-defined.  Methods for stratification and de-stratification should 
be in a prior methods chapter. 
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Try reading aloud the first sentence of the last paragraph on page 4-24.  It needs to be rewritten.  Aside 
from being a run-on sentence, it is awkward, contains repetitive points and yet is not very clear. 
 
Page 4-25:  The Appendix B should be part of a methods chapter given earlier in this report (could be 
Chapter 3).  Nh is defined in Appendix B but is given a lower case symbol (nh).  To avoid confusion and 
ambiguity, use consistent mathematical nomenclature.  “Fraction of elevated PSHEDs” is given the 
symbol ph, which is defined in Appendix B as the “probability”…  this is inconsistent.  Either it is a 
frequency or it is a probability- choose one and use the concept consistently.   The standard error of 
fraction of elevated PHEDs is given in Table 4-6 based on a definition involving sh and Nh, but this 
definition is not given in Appendix B (it should be).  The terms sample and population in the Appendix B 
need some careful re-thinking or at least more clear definition.  Here, the term ‘population’ is implied to 
describe the total sample of 5,830 vehicles (which is actually a sample from a larger fleet).  That is okay, 
but at least be clear as to the meaning of the term ‘population’ as used in Appendix B.  Wh is the fraction 
of the population of vehicles that fall into each EI23 bin.  It is not clear as to the definition of “n” in 
Appendix B – is this the total number of vehicles in the ‘population’?  (i.e. n=5830?).  L=7 (could be 

stated clearly).  The term h is not clearly defined in appendix B in terms of other variables.  Is this the 
standard error of the fraction of elevated measurements in each strata?  Appendix B does not actually 
show how one estimates the estimated fraction of the population that is above the threshold.  How was 
the value 0.127 estimated?  This appears to the product phWh summed over all h.   Based on the 
numbers given in Table 4-6, over 75% of the estimated ‘elevated PSHEDs’ (a sloppy term) are from Bins 
1-4, which account for over 96% of the ‘population.’ 
 
Page 4-27.  The last sentence of the first paragraph is unclear.  Rewrite.  Create a flow diagram or show 
an algorithm to make this more clear. 
 
 Table 4-8.  It is not very clear as to what variable is implied by “High-PSHED Fraction…”  is this based on 
ph and Wh defined in some different way compared to Table 4-6? 
 
“It is important to understand that” should be deleted.  “It… that” statements are passive and contain 
no information.  The assumption of the EI23 bins is that they are bins of EI23 values.  Since no 
assumption is made regarding model year, it is not really correct to imply that if there is a dependency 
on a model year that somehow the use of EI23 is inherently inappropriate.  It could be that the fraction 
of vehicles with high PSHEDs measurements is correlated with EI23 and with model year, but that does 
not imply that EI23 would not be a useful indicator.  Whether EI23 is a useful indicator can be 
determined with or without consideration of model year.  In fact, if EI23 has a trend with respect to 
model year that is consistent with the trend with respect to PSHED measurements, then there might be 
increased  confidence in the utility of EI23 as an indicator. 
 
Section 4.5:  the discussion here suffers from a conceptual problem related to not clearly defining what 
is meant by “uncertainty.”  The term uncertainty is used inappropriately as if it refers only to 
imprecision, and the notion of bias is discussed as if it distinct from “uncertainty.”  Uncertainty refers to 
lack of knowledge regarding the true value of a quantity, and includes both random and systematic 
sources of error.  Random error is imprecision.  Systematic error is bias and also known as lack of 
accuracy.  Thus, bias is a component of uncertainty, not distinct from it. 
 
Uncertainties associated with small sample size are typically quantified based on random sampling 
error.  The discussion of the role of ‘chance alone’ is inappropriate as written.  Perhaps the intended 
statement is that if a different random sample of vehicles had been selected, the number of vehicles 
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with PSHED measurements greater than 2  g/Qhr might have been different from the 2 that were 
observed in the available sample.  Because the fraction of vehicles with PSHED measurements greater 
than 2 g/Qhr is based on a sample, there is ‘sampling error’ in the estimate.  If the sample is assumed to 
be random, then the error of the estimate can be estimated based on sampling distributions of the 
statistics (a statistic is a quantity estimated from a sample).  The errors shown in Table 4-11 are of 
unclear basis.  For example, the ‘size of error for ‘high PSHED Definition’ of 2 is given as 0.025.  There 
should be more detail on how this number was estimated, based on the data given in Table 4.6. 
 
PSHED measurement error should be more clearly discussed.  The text refers to ‘two parts’ but really 
only one ‘measurement error’ is actually addressed.  Measurement error typically refers to the 
imprecision and bias of the measurement method itself.  Propane retention and recovery tests are an 
incomplete indicator of the imprecision and bias of the PSHED method, because actual evaporative 
emissions are not pure propane.  Variability in hot soak emissions is a measurement error only in the 
context of attempting to assess the repeatability of measurements of the same vehicle under the same 
conditions.  However, it is not clear that such an experiment has actually been done.  If there are 
underlying differences in the state or condition of the vehicle, then the variability in the measurements 
is not because of the measurement method itself but because of the state of the vehicle being 
measured.  The concept of repeatability of the measurement should be discussed in a separate 
paragraph or subsection.  If the repeatability is only -50% to +200%, then there is significant question as 
to the usefulness of any kind of PSHED test when compared to a ‘brightline’ threshold that is a point 
value. 
 
The discussion of detection limit and how it was inferred is difficult to follow.  First, it would help to 
define what is meant by detection limit.  It is not clear how a detection limit can be inferred by making a 
measurement on a vehicle or any sample for which it is not known as to whether the HC concentration 
is actually zero.  Why not use a ‘zero’ calibration gas that contains 0 ppm of HC?  A baseline before a 
vehicle enters the PSHED does not guarantee that actual concentration was 0 ppm of HC.  However, it 
does provide a background level.  However, the text does not discuss what is background or the role of 
background in making measurements.   
 
Page 4-32 :  the analysis of duplicate EI23 measurements is quite important, and the text refers to 
Appendix A.  Appendix A is very poorly written and very unclear.  It is not apparent that there are any 
data regarding the duplicate EI23 values in the main body of this report or in the appendix.  The data 
and findings from these data should be disclosed. 
 
The rational for the bias in the EI23 values and the implication that it would ‘tend to elevate the high-
PSHED fraction’ needs to be more clearly articulated. 
 
Page 4-33:  the apparent confusion regarding detection limit and background level is evident in the 
second paragraph on this page.  One does not subtract a detection limit from a measured value to 
impute an unbiased estimate.  This would be done only for a background level.  However, if the 
background is negligible compared to the measurement, this will have little effect on the results. 
 
“jumps around” – this kind of informal writing needs to be expunged from this report. 
 
The discussion of a possible Monte Carlo simulation is so vague that it hardly merits being in this report.  
Unless the authors can clearly define terms and propose a meaningful algorithm, the recommendation 
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for future Monte Carlo simulation could be stated briefly, with further development left to those 
competent to conduct such an analysis. 
 
Chapter 5: 
 
The lead paragraph here is probably the most coherent statement of the objective of this report.  Such a 
statement is needed in the introduction. 
 
The second paragraph is not useful because it is based on evidence not provided in earlier parts of the 
report. 
 
The purpose of Chapter 5 is unclear.  Is this meant to be a conclusions chapter?  A summary chapter?  A 
results chapter?   
 
The third paragraph is awkward and overly didactic.  One can make the point, for example, that the use 
of EI23 as an indicator of evaporative emissions was explored in this work, and state the findings, 
conclusions, and recommendations accruing from this work.  Subsequently, a recommendation can be 
made that the existing data could be analyzed using other indicators for the purpose of evaluating 
whether other indicators might be better than EI23.  Whether ‘any evap index’ can be used depends on 
what variables are critical to an ‘evap index’ and whether they were all measured during the study at the 
Ken Caryl IM station.  Since the report lacks even a basic overview of factors that lead to evaporative 
emissions, it is not clear as to whether all useful factors have been quantified to support development of 
‘any’ evap index. 
 
The paragraph at the bottom of page 5-1 is sufficiently cryptic as to be useless to anyone but those 
involved in the data collection or project management effort.   It is not very clear as to what point is 
being made here. 
 
Page 5-2 “to measure the RSDs” – this makes no sense.  RSDs are devices that make measurement.  Why 
would one make a measurement on the RSD itself? 
 
The intent of the paragraph on “RSDs of the Denver fleet” is unclear.  Perhaps this is a recommendation 
to calculate EI23 for a wider set of vehicles and use the Ken Caryl IM station data for fraction of high 
emitters to estimate a fraction of high emitters for the larger fleet.  If that is the case, the intent is 
unclear. 
 
Last paragraph on page 5-2 – seems to be introducing a lot of new information but in an unclear manner 
such that the point(s) here are unclear. 
 
What is the main contribution of this report?  What are the key limitations?  What additional work is 
needed?   If the purpose is to estimate the fraction of vehicles with evaporative emissions exceeding a 
threshold, the method described in this report using EI23 Bins and a ‘stratification’ approach may be 
reasonable; however, the uncertainty in the estimates made using this method are unknown.  Such 
uncertainties should be estimated as the next step.  Without quantification of uncertainty, the utility of 
this approach is unclear. 
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Some key issues that should be addressed in the conclusions: 
 

 Is PSHED a useful surrogate for SHED? 

 Can RSD measurements, if appropriately interpreted, provide an indicator of evaporative 
emissions? 

 Is EI23 a useful indicator? 

 Are the trends in the results for high evaporative emissions fractions in the vehicle fleet 
consistent with model year?  What results developed here provide some confidence that EI23 is 
operationally useful? 

 What are limitations of EI23?  What other indicators should be explored? 

 What uncertainties have been quantified?  What uncertainties have not yet been quantified? 

 Need for further evaluation of uncertainties prior to making a decision on acceptance of this 
approach? 

 Application of this or other approaches to fleets that are more representative of the U.S. fleet. 

 Others? 
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Eric M. Fujita's Comments: 

 The objective of this study is to estimate the fractions of various levels of high 

evaporative emissions across the Denver fleet. Approach used in the study relates indices of 

evaporative emissions (EI23) that were derived from RSD readings to levels of PSHED hot-soak 

evaporative emissions based upon correlations of a smaller stratified set of paired PSHED and 

RSD readings. The experimental approach and methods are adequately documented in the report 

and accompanying background document. Presentation of the results, including tables and 

figures, are generally clear except as noted in the following comments.  

The data show that the measured PSHED 15 minute hot-soaks emissions are correlated 

with EI23, but with considerable scatter (Figure 4-1). We can see from this plot that the detection 

limit for the RSD EI23 index is poor and considerably worse than for the SHED measurements. 

Most of the EI23 values are clustered around 100 with corresponding PSHED emissions ranging 

from 0.01 to 20 g/Qhr. The preliminary study with induced evaporative emissions showed that 

the RSD evaporative index had a 50% chance of detecting evaporative emissions with PSHED-

equivalent running loss level corresponding to about 20 g/Qhr (equivalent to EI23 Bins of 5 or 

below). While the EI23 evaporative index would be useful for identifying gross evaporative HC 

emitters, its ability to estimate fractions of high evaporative emissions within various levels of 

evaporative emission other than the top end of the distribution seems limited.  

Conversion of EI23 measurements to Bins provides what appears to be clearer summary 

of the distribution of EI23 values by PSHED-equivalent running loss levels. As I understand this 

procedure, this classification assigns the estimated evaporative indices into bins with width that 

each corresponds to one standard deviation of the variability of a single EI23 measurement (after 

accounting for the effects of the exhaust HC emissions on EI23). The EI23 Bins are then 

associated with probabilities of exceeding various threshold PSHED hot-soak emission levels. 

This approach allows the association to be made without regard to the quality of the correlation 

between EI23 and PSHED hot-soak levels, which we know is poor. EI23 values in at least the 

first three EI23 Bins (with PSHED thresholds of greater than 1, 2 and 5 g/Qhr) are probably 

below the method limit of detection and are really random noise. If so, there is about equal 

chance that any of the EI23 values in the first three Bins has a corresponding PSHED above the 

threshold. Therefore, it is not unexpected that fractions of elevated PSHED in Table 4-6 are 

about the same for Bins 1 (6.7%), 2 (7.6%) and 3 (9.6%). These fractions are likely not valid 

given the measurement sensitivity. If 20g/Qhr is a reasonable level where the corresponding 

EI23 values become reliable, then the distribution shown in Table 4-4 for this High PSHED 

definition is valid for all EI23 Bins. The fractions are progressive less reliable for the lower EI23 

Bins at lower thresholds values.  

I believe the net result is an overestimation of the fractions of elevated PSHEDS in the 

lower Bins. Products of these fractions with the proportionally larger numbers of vehicles in 

these bins for the Random fleet will result in larger fractions of elevated PSHEDs in the larger 

fleet of vehicles. For example, results of the de-stratification calculations in Table 4-6 shows that 

12.7% of the 5830 vehicles in the random sample are estimated to have corresponding high-

PSHEDs defined as greater than 2 g/Qhr. If the first three Bins are counted as zero, then this 

fraction drops to 5.5%. Also dropping Bins 4 and both 4 and 5 reduces the fraction to 2.9% and 

1.6%, respectively. The more appropriate fraction is likely between 1.6 to 5.5% rather than 

12.7%.   



Page 132 

It should also be noted that the distributions are presented without quantitative estimate 

of uncertainty and bias that are inherent in the study approach. In addition to the poor limits of 

detection of RSD evaporative index, the following sources of uncertainty and bias were not 

assessed in the report.          

 The distributions are based on static SHED 15-minute hot-soaks and do not include 

diurnal evaporative emissions and may not fully account for all running emissions.  

 The residual hydrocarbon signal in the RSD measurements in excess of the regression 

line of HC with CO2 results is a crude measure of the diluted mixture of evaporative 

emissions from fuel permeation, vaporize fuel leaks, and fuel system venting during 

vehicle operation. Unlike exhaust pollutant, there are no tracers for evaporative HC 

emissions to account for dispersion rate of emissions. 

 Replicate LSHED and PSHED tests have large variability. Section 4.5 does not address 

the significance of the large variability of replicate SHED tests to distribution of fractions 

of “high evaps” at various definitions. 

 

Other General Comments 

1. Ambient temperature was not included as a variable in the study design and PSHED and 

replicate RSD measurements were all made within a short time at about the same 

temperature. The test sets within each EI23 Bin were conducted at ambient temperature 

spanning a range of up to about 30
o
C. Evaporative emissions are known to increase with 

ambient temperature with doubling of permeation for 10
o
C rise in temperature. This 

likely would not be issue if ambient temperature was a random variable in the study and 

test sets within each bin had similar random distribution of temperature. Was this 

checked? The potential bias due to differences in temperature would be minimal for the 

high emitter bins, but may be more important for the other bins. 

2. It would be helpful in Section 2 (Background) to state how the results of this study and 

similar future studies will be used in the MOVES model. Should be specific enough to 

identify the relevant algorithms and inputs.  

3. Most vehicles in Bins 6 and 7 had high exhaust HC emissions, which can contribute to 

the estimated evaporative emissions. The report asserts that this positive interference is 

mitigated by the binning procedure. From the relevant discussion in Appendix A, it is 

difficult to determine the significant of the positive interference or the effective of the 

binning procedure. 

4. The report does not include a summary of other testing – modified California Method 

(olfactory, visual and electronic HC sniffer examination of various vehicle components). 

If this information is summarized elsewhere, it should be references and a brief summary 

of the finding should be included within this report.  

 

Specific Comments 

1. P. 1-2, line 5. Are there plans for follow-on uncertainty analysis that can be described 

here? 
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2. P. 2-2, second full paragraph: Describe briefly the evidence, with appropriate references, 

that previous estimate of “high evaps” were lower that what is occurring in the real 

world.  

3. P. 3-14, last sentence: Meaning is unclear. Why would large variability of PSHED hot-

soaks itself result in overestimation of fraction of vehicles with high hot-soak emissions?  

4. P. 4-1, 2
nd

 paragraph, line 13: Rather than “accuracy”, “representativeness” may be more 

appropriate in this context. 

5. P. 4-3, 1
st
 paragraph, last two sentences:  States that influence of variability of hot-soak 

emissions will be discussed later in the section. This discussion appears to be missing. 

6. P. 4-3, 2
nd

 full paragraph: References to “not simulated exhaust” and “natural exhaust” in 

the last two sentences are confusing.  

7. P.4-4, 1
st
 full paragraph, last two sentences: The reason for selecting Method B is 

difficult to understand without prior knowledge that EI23 is based on residuals of the 

linear regression. This is only explained in Appendix A. It should be mentioned briefly in 

the Section 4.2 for clarity.   

8. P.4-11, Table 4-2. VDF is not defined anywhere in the report.   

9. P. 4-24, 1
st
 paragraph, last sentence: Are the quantifications of uncertainties and bias part 

of a follow-up report? When is this expected?  

10. P. 4-25, Table 4-6: What is the basis for Sh in the calculation of standard error  of the 

fraction of elevated PSHEDs? What are the sources of the values used in calculating the 

standard deviation? 

11. P. 4-30, Table 4-10. Unless there is good reason for using natural log, give estimated 

error for column 2 in units of g/Qhr.  

12. P. A-1, item i): Residual rather than N? 

13. P. A-2: Add a description of the origin of the constants used in equations shown at the 

bottom of the page. Explain how this reduces dependence of EI23 on exhaust HC 

concentrations.     
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Review of ERG report 

 
“Estimates of the Fraction of the Fleet with High Evaporative Emissions based on the Ken Caryl Station 

(Denver, CO) Field Study,” 
 

Version 6, September 25, 2010 
 

Reviewed by:  Keith Knoll, Czero Inc. 
Review Date:  20 January 2012 

 
 
1.0  Summary:  
The subject report describes efforts by ERG and CDPHE to estimate the occurrence of high evaporative 
emissions vehicles in the Denver fleet. Estimation is based on a fleet study of vehicles from the Ken Caryl 
I/M station using direct measurements. Three methods were employed for evaporative emissions 
measurement: RSD, PSHED and LSHED (Remote Sensing Device, Portable Sealed Housing for Evaporative 
Determination, and Laboratory Sealed Housing for Evaporative Determination, respectively). Results of 
direct measurements (mostly PSHED) from the study group are extrapolated to the broader Ken Caryl 
I/M fleet based on a relationship developed between RSD and PSHED results. The analysis relating RSD 
measurements to SHED results appears valid and well thought out. Uncertainties were investigated and 
sensitivity analyses were conducted. Use of RSD appears to provide considerable promise for 
determining high evaporative emissions vehicles from the in-use fleet.  
 
The limited set of vehicles (175 total) that received both RSD and PSHED measurements was used to 
develop a correlation between RSD readings and measured evaporative emissions. This correlation was 
applied to the larger set of vehicles (5830 total) that visited the Ken Caryl I/M station during the summer 
of 2009. In this way, an estimate was made of the percent of vehicles visiting Ken Caryl over the study 
period that had high evaporative emissions. This projection was well justified based on results presented 
in the report. Speculation was also made regarding projecting these results to the Denver-wide fleet. 
Limitations associated with such a broad projection were given. Specifically it was noted that the 
existing dataset from the Ken Caryl I/M station was limited in relevance to the Denver-wide fleet for two 
reasons: 1) Colorado exempts about 40% of all registered vehicles from I/M inspection based on RSD 
measurements and 2) the Ken Caryl I/M stations is located in an affluent section of the Denver metro 
area. The first caveat means that the study sample (5830 vehicles) is likely to contain a disproportionate 
percentage of vehicles with high emissions – either evaporative or tailpipe. As such, the study sample is 
likely to be biased towards those vehicles with high evaporative emissions and is therefore not a 
random representation of the Denver fleet. The second caveat means that the study sample is likely to 
be composed of newer, properly functioning vehicles. Again, this introduces a bias in the database 
preventing it from being a random representation of the Denver fleet. Speculation was also made 
regarding projecting these limited results to the nationwide fleet. Limitations associated with this larger 
projection were not discussed. 

 
Specific comments for each section of the report regarding methodologies, analysis, narrative and 
conclusions are given below. Many of these comments include specific recommendations to the authors 
for modifications prior to report publication. None of these recommendations is considered essential; 
the quality of the report is generally considered acceptable as-is. However, the quality of the report 
could be improved with some attention to the details included below.  
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2.0  Background:  
A cursory review of CRC’s E-77 suite of studies is provided. The E-77 studies showed that vehicle 
evaporative emissions do have a significant impact on the emissions inventory. Results also suggested 
that to quantify this impact, it would be important to determine the rate of occurrences of “leakers” in 
the on-road fleet. Per the referenced California study (ref 5), high evaporative emissions vehicles make 
up about 1% of the gasoline fueled vehicles in the on-road fleet. The ERG report suggests that this 1% 
estimate may be on the low side.  
 
ERG’s prior report from the summer of 2008 (the Lipan study) is also briefly reviewed. These results are 
particularly relevant to the current report as they explain how RSD measurements can be used to 
estimate vehicle evaporative emissions.  
 
3.0  PSHED and LSHED Hot-Soak Emissions Measurement Characteristics  
This study found that PSHED (portable SHED) measurements of evaporative emissions were generally 
higher than similar LSHED (laboratory SHED) measurements.  
 

Analysis showed that this bias was not likely a test order issue  

Analysis also showed that this was not a time issue (with the exception of HE-3555 which was 
shown to have continuously increasing evap emissions with time.)  

It is assumed this was an artifact of the test apparatus.  
 
Comparison of PSHED and LSHED evaporative emissions results generally showed that scatter of the 
data about the parity line was equally distributed.  
 
Comments to the report authors:  

Elsewhere in the literature, estimates are made providing comparison of PSHED results with 
EPA’s Tier 2 requirements for evaporative emissions.4

 It would be helpful to include that here for 
context.  

 
It would be useful to provide some further explanation regarding HE-3555 evaporative 

emissions behavior. Why did these emissions continue to increase with time? Was the 
evaporative purge system on the vehicle evaluated for proper functionality? Was any testing 
done to identify root cause? 

 
On page 3-12, the statistical analysis leading to the conclusions that “repeated SHED hot-soak 

measurements for a vehicle would fall between 40% (=1/2.51) and 251% of the vehicle’s 
average (characteristic) hot-soak value 68% of the time” should include a relevant source 
citation.  

 
The first bullet point under Summary of LSHED and PSHED states that vehicles with low hot-

soak values have PSHED and LSHED results that “are very similar”. I think this statement is 
misleading and may not be correct. The similar scatter shown by the data across three orders of 
magnitude on a log-log plot suggests that variation at low values was indeed less than at high 

                                                      
4 1 “Evaluation of Evaporative Leaks using RSD and Inventory Implications,” D. Hawkins, C. Hart, C. Fulper, J. Warila, 

D. Brzezinski, et. al., Presented at the 19th Annual International Emission Inventory Conference, San Antonio, TX, 
Sept 27-30, 2010.  
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values. But it is not clear that the data could be considered nearly the same. This assertion 
requires further justification from the data analysis.  

 
The last paragraph in this section providing relevance to the on-road fleet requires clarification, 

further explanation and a review of the underlying assumptions. I believe the author is saying 
that because there is high scatter and a small number of samples available, the upper bound on 
extrapolating this data to the on-road fleet is necessarily high; higher than it would be if there 
were either a larger number of sample or a smaller variation in the data. If this is his message, it 
needs to be stated more clearly and with a more definitive confidence level. Also, is a normal 
distribution being assumed? If so, state it and explain why such an assumption is valid. If not, 
then what distribution is assumed and why?  

 
4.0  Estimated High-PSHED Fraction of the Ken Caryl IM Station Fleet Using EI23 Bin De-Stratification 
 
Comments to the report authors:  

Use of the term EI23 requires definition prior to use. This term is later defined in the Appendix, 
however, a general definition in the body of the report would be useful and should be included. 
Also, it might be useful to include some basis for the use of this term – where did the name 
“EI23” originate? …not essential, but would be useful.  

 
“Stratified” data and “de-stratified” data: It would be helpful to the reader (and still helpful to 

me after reading this report thoroughly) to have a better understanding of what is meant by 
these two terms. A layman’s explanation of these terms near the beginning of Section 4 is 
advised.  

 
Paragraph 2 of Section 4: The last sentence of this paragraph suggests that two influence factors 

complicate extrapolation of the Ken Caryl dataset to the Denver-wide fleet. What exactly those 
two reasons are, however, is not clear from the paragraph text. My interpretation is 
summarized in the following bullets. Text of the paragraph should more clearly support the 
thesis statement given at the end of the paragraph.  

 
1. The sample of vehicles that visit I/M stations likely has higher emissions than the fleet at-

large. The Denver-wide “clean screening” program exempts about 40% of registered 
vehicles based on low RSD readings. Consequently, the 60% of vehicles that go to I/M 
stations are the higher emitting fraction of the total Denver fleet. Using this sample 
population for emissions projection to the Denver-side fleet will likely skew the overall 
population estimate. However, there is no reason to believe that high tailpipe emissions 
vehicles are necessarily correlated with high evaporative emissions vehicles. So the real 
effect of this bias is not clear.  

 
2. The Ken Caryl I/M station is located in a higher income part of Denver. Consequently, the 

population of vehicles visiting this I/M station is likely to comprise newer and therefor 
cleaner vehicles than the Denver fleet as a whole. As far as I can tell, this bias has no 
mitigating factors.  

 
Accurate application of the Monte Carlo simulation method assumes a random distribution and 

a large number of samples. This paragraph should include a statement regarding the limitations 
of this method for analyzing the current dataset. The author does provide later in this report 



Page 137 

adequate justification that the sample population truly is random. This was well thought-out 
and well reported. Including some statement in this paragraph, however, would be helpful. I do 
not believe the author addressed the limitation of population size. This limitation should be 
mentioned here. Some comment regarding the potential impacts of this limitation should also 
be stated.  

 
In Section 4.4, Table 4-6: It is not clear how the fourth and fifth columns are calculated from 

columns 2 and 3. This should be explained.  
 
The last sentence in Section 4.4 appears to be the beginning of an incomplete paragraph. I 

expected further explanation or evaluation of how the EI23 bins are independent of model year 
groups. Did some additional text get inadvertently dropped from this section?  

 
5.0  Estimated High-PSHED Fraction of the Denver On-Road Fleet from De-Stratifications Based on 
Advanced RSD Evaporative Emissions Indices  
 
This section of the report goes on to discuss additional data that is now available for further 
investigation. Limitations of the additional data are also identified. For example, the PSHED data from 
Summer 2010 are identified as not being selected using a stratified random design. As such, these data 
are not suitable to the Denver-wide fleet.  
 
This last section of the report leaves the estimation of the high-PSHED fraction of the Denver-wide fleet 
incomplete. No estimation is provided because the data are identified as inadequate.  
 
This last section of the report also provides no basis for extrapolating the results obtained to an 
estimate of the nationwide fleet as is needed by EPA. For EPA to apply this dataset to the nationwide 
fleet (via MOVES), additional justification would be necessary. 
 
 


