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EPA Disclaimer

The information in this document has been funded wholly or in part by the United States
Environmental Protection Agency under Contract 68-D-98-030. This document is illustrative
guidance which is being distributed as an example of how to relate FRM and continuous PM2.5
measurements to report an Air Quality Index (AQI). The applicable regulations for
implementing the AQI can be found in 40 CFR Part 58.50 and Appendix G to Part 58. This
document does not substitute for those provisions or regulations, nor is it a regulation itself.
Thus, it does not impose binding, enforceable requirements on State or local agencies, and may
not apply to a particular situation based upon the circumstances. EPA and State or local decision
makers retain the discretion to adopt approaches on a case-by-case basis that differ from this
guidance, where appropriate. Therefore, interested parties are free to raise questions and
objections about the appropriateness of the application of this guidance to a particular situation;
EPA will, and States and local agencies should, consider whether or not the recommendations in
the guidance are appropriate in that situation.

This document is based upon EPA’s earlier illustrative guidance document covering the same
subject matter titled: “Data Quality Objectives (DQOs) and Model Development for Relating
Federal Reference Method (FRM) and Continuous PM, ; Measurements to Report an Air Quality
Index (AQI)”; EPA-454/R-01-002, February 2001. Major edits in this latest version of the
document are focused on use of a higher squared correlation for developing minimum sample
size requirements as found in Tables 2-2 and 2-3. Minor technical edits were also made to
improve the readability and consistency of the document. This guidance is a living document
and may be revised periodically without public notice. EPA welcomes public comments on this
document at any time and will consider those comments in any future revision of this guidance
document.
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EXECUTIVE SUMMARY

According to Part 58.50 of 40 CFR, all Metropolitan Statistical Areas (MSAs) with a
population of 350,000 or greater are required to report daily air quality using the Air Quality
Index (AQI) to the general public. AQI is calculated from concentrations of five criteria
pollutants: ozone (O,), particulate matter (PM), carbon monoxide (CO), sulfur dioxide (SO,),
and nitrogen dioxide (NO,). According to Part 58 of 40 CFR, Appendix G, particulate matter
measurements from non-Federal Reference Method (FRM) monitors may be used for the
purpose of reporting the AQI if a linear relationship between these measurements and reference
or equivalent method measurements can be established by statistical linear regression. This
report provides guidance to MSA’s for establishing a relationship between FRM and continuous

PM, ; measurements.

Chapter 2 of this report details the use of the EPA’s Data Quality Objectives (DQOs)
process to develop a statistical linear regression model relating FRM and continuous PM, ¢
measurements. Respectively, Tables 2-2 and 2-3 indicate the quantity of data and quality of
model required to confidently use continuous PM,  data, along with the established model, for
the timely reporting of an MSA’s AQI. Depending on the level of decision errors tolerable to an
individual MSA’s decision makers, a minimum of 30 days with both FRM and continuous
measurements should be used to develop a model. (In some cases many more days of data are
required.) With smaller sample sizes to work with (days < 50), an MSA’s model should possess
an R? value (strength of model) of at least 0.76, while larger sample sizes can lead to a required

R? value as low as 0.73.

Chapter 3 of this report offers step-by-step guidance to MSA’s for developing a
regression model relating FRM and continuous PM, ; measurements. Provided is a discussion of
data issues likely to be encountered and methods to address them. Real-world examples are used
for illustration, and are based on data from Davenport-Moline-Rock Island, TA-IL;

Greensboro—Winston-Salem—High Point, NC; Salt Lake City-Ogden, UT; and Houston, TX.
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1.0 INTRODUCTION

According to Part 58.50 of 40 CFR, all Metropolitan Statistical Areas (MSAs) with a
population of 350,000 or greater are required to report daily air quality using the Air Quality
Index (AQI) to the general public. The AQI is calculated from concentrations of five criteria
pollutants: ozone (O,), particulate matter (PM), carbon monoxide (CO), sulfur dioxide (SO,),
and nitrogen dioxide (NO,). The concentration data used in the calculation are from the State
and Local Air Monitoring Stations (SLAMS) required under Part 58 of 40 CFR for each
pollutant except PM.

According to Part 58 of 40 CFR, Appendix G, particle measurements from non-Federal
Reference Method (FRM) monitors may be used for the purpose of reporting the AQI if a linear
relationship between these measurements and reference or equivalent method measurements can
be established by statistical linear regression. In fact, some areas already use non-Federal
Reference Method (FRM) monitors for the purpose of reporting the AQI and EPA encourages
the use of continuous measurements for the sake of timely reporting of the AQI. We recognize,
however, that it might not be feasible to find a satisfactory correlation between continuous
measurements and FRM measurements of PM, 5 in some areas or under some conditions. Air
pollution control authorities should not use continuous methods for reporting the AQI in these

circumstances.

This document describes the use of continuous PM, ; measurements for the purpose of
reporting the AQI, through the establishment of a linear relationship between FRM and
continuous PM, ; measurements using statistical linear regression. The document also describes
using statistical linear regression to transform continuous PM2.5 measurements into FRM-like
data. While not a regulatory requirement, such data transformations might be necessary to report
the AQI accurately. There are approximately 240 sites in the PM, 5 continuous network, with
most of the monitors in the large MSAs. To determine an appropriate model of the relationship

between FRM and continuous PM, ; measurements, EPA makes use of the Data Quality
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Objectives (DQO) process, a seven-step strategic planning approach based on the Scientific

Method. The seven-step DQO process is summarized as follows:

1. State the problem.

Identify the decision.

Identify inputs to the decision.
Define the study boundaries.
Develop a decision rule.

Specify limits on decision errors.

A A

Optimize the design for obtaining data.

In general, the DQO process represents a scientific approach to determining the most appropriate
data type, quality, quantity and synthesis (i.e., model development) for a given activity

(i.e., non-FRM AQI reporting).

This document summarizes the DQO process that was conducted for developing
acceptable models to report an AQI using non-FRM continuous PM, ; monitoring data
(Chapter 2). Also provided is a “handbook” to guide MSAs in developing their own specific
models (Chapter 3). Issues associated with model development are highlighted through four
case studies detailed in Appendix B. In particular, data from Davenport-Moline-Rock Island,
IA-IL; Greensboro—Winston-Salem—High Point, NC; Salt Lake City-Ogden, UT; and Houston,
TX were used as case studies to (1) conduct the DQO process, (2) demonstrate the need for
MSA-specific model development, and (3) provide examples of approaches to model
development. Table 1-1 summarizes the FRM and continuous PM, ; monitoring data used in this

effort.
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Table 1-1.

Data available for continuous PM, ; DQO development (as of 06/19/00)

FRM PM2.5 Continuous PM2.5
(ug/cu meter (Local Conditions)) (ug/cu meter (Local Conditions))
MSA State Site
Method Frequency Period n Method Frequency Period n
Davenport- 1A 191630015 |R Gravimetric |1 in 3 days for 01/99-04/00 231 Automated TEOM Hourly 02/99-04/00 442
Moline- 1999 and daily Gravimetric
Rock Island, for 2000
lowa-lllinois 191630013 Automated TEOM Hourly 01/99-04/00 465
Gravimetric
191630017 Automated TEOM Hourly 01/99-04/00 478
Gravimetric
191630018 |R Gravimetric 1in 3 days 07/99-04/00 102
IL 171610003 |Anderson 1in 6 days 01/99-03/00 72
Gravimetric in
1999 and R
Gravimetric in
2000
Greensboro- NC 370670022 [R Gravimetric daily 01/99-03/00 409 Automated TEOM Hourly 06/99-02/00 259
Winston- Gravimetric
Salem- 370010002 |R Gravimetric 1in 3 days 01/99-09/99 76
High Point, 370570002 |R Gravimetric 11in 3 days 01/99-09/99 78
North Carolina 370670024 |R Gravimetric Tin3days | 01/99-03/00 137
370810009 |R Gravimetric daily 01/99-09/99 220
370811005 |R Gravimetric 1in3days |01, 03, 04, 06- 52
09/00

Note:

Continuous PM2.5 measurements were converted from HOURLY to DAILY by taking the average of measurements collected from 1am to midnight.
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Table 1-1. Data available for continuous PM, ; DQO development (as of 06/19/00) (continued)
FRM PM2.5 Continuous PM2.5
(ug/cu meter (Local Conditions)) (ug/cu meter (Local Conditions))
MSA State Site
Method Frequency Period n Method Frequency Period n
Salt Lake City, | UT 490110001 |R Gravimetric 1in 3 days 01/99 - 03/00 147 TEOM hourly 12/99 - 07/00 235
Utah 490350003 |R Gravimetric 1in 3 days 01/99 - 03/00 146
490350012 |R Gravimetric 1in 3 days 01/99 - 03/00 144
490353006 |T Gravimetric in every day 01/99 - 03/00 403 TEOM hourly 12/99 - 07/00 212
1999 and
Met Gravimetric
and Anderson
Gravimetric in
2000
490353007 |R Gravimetric 1in 3 days 01/99 - 03/00 133
490450002 |R Gravimetric 1in 3 days 01/99 - 03/00 130
490494001 R Gravimetric every day 01/99 - 03/00 417
490495010 |R Gravimetric 1in 3 days 01/99 - 03/00 140
490570001 |R Gravimetric 1in 3 days 01/99 - 03/00 130
490570007 |R Gravimetric 1in 3 days 01/99 - 03/00 130
Houston, X 482011035 |R Gravimetric every day 02/00 - 06/00 109
Texas 482010026 |R Gravimetric every day 02/00 - 06/00 86 TEOM hourly 02/00 - 06/00 147
482010062 |R Gravimetric 1in 3 days 02/00 - 06/00 43
482010051 |R Gravimetric 1in 3 days 02/00 - 06/00 41
482011039 |R Gravimetric 1in 3 days 02/00 - 06/00 40 TEOM hourly 03/00 - 06/00 118
482011037 |R Gravimetric 1in 3 days 02/00 - 06/00 38
383390089 |R Gravimetric 1in 3 days 02/00 - 06/00 31 TEOM hourly 02/00 - 06/00 134
482011034 TEOM hourly 02/00 - 06/00 147

Notes:

2. Utah sites 490050004 and 490495008 contained only 14 and 4 FRM observations, respectively.
3. Utah sites 490450002, 490494001, 490495008, and 490495010 are not located within the Salt Lake City MSA.

1. Continuous PM2.5 measurements were converted from HOURLY to DAILY by taking the average of measurements collected from 1am to midnight.




2.0 DATA QUALITY OBJECTIVE (DQO) PROCESS FOR MODEL
DEVELOPMENT TO REPORT AN AIR QUALITY INDEX (AQl)
WITH CONTINUOUS PM, ; MONITORING DATA

This chapter details the DQO process for establishing a relationship between Federal
Reference Method (FRM) PM, ; and continuous PM, ; monitoring data. Each of the seven
sections of this chapter corresponds to one of the seven steps of the DQO process. These
sections describe the activities conducted and decisions made under each step. The approach is
consistent with the EPA Quality Staff report, “Guidance for the Data Quality Objectives
Process,” EPA QA/G-4, September 1994. Note that the DQO process is recommended by EPA
as a tool for model development. The purpose of using this process is to minimize the likelihood
of making errors during model development, and ultimately to correctly decide whether the

model is adequate for its intended use.

2.1 STEP 1 - STATE THE PROBLEM

The purpose of this step is to define the problem at hand. Activities and outputs from this
step include (1) listing planning team members and identifying the decision maker,
(2) developing a concise description of the problem, and (3) summarizing available resources

and relevant deadlines for the study.
Table 2-1 summarizes the planning team members who participated in this DQO

exercise. Communication among planning team members was facilitated mainly through regular

conference calls. A concise description of the problem is as follows:
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Table 2-1. FRM versus continuous PM, ; model development DQO
planning team
Phone
Name Address Number Electronic Mail
Decision Makers
Ginger TCEQ (512) gdennist@tnrcc.state.tx.us
Denniston P.O. Box 13087 239-1673
Austin, TX 78711-3087
Terence Fitz- USEPA/OAQPS (919) Fitz-Simons.Terence@.epa.gov
Simons AQTAG (C304-01) 541-0889
Research Triangle Park, NC
27711
Tim Hanley USEPA/OAQPS (919) Hanley.Tim@epa.gov
MQAG (C339-02) 541-4417
Research Triangle Park, NC
27711
Bryan TCEQ (512) blambeth@tnrcc.state.tx.us
Lambeth P.O. Box 13087 239-1657
Austin, TX 78711-3087
Ed Michel TCEQ (512) emichel@tnrcc.state.tx.us
P.O. Box 13087 239-1384
Austin, TX 78711-3087
Lewis Forsyth County Environmental (336) weinstl1@co.forsyth.nc.us
Weinstock Affairs 727-8060
537 North Spruce Street
Winston-Salem, NC 27101-
1362
Tom Tamanini | Environmental Protection (813) tamanini@epcjanus.epchc.org
Commission 272-5530

1410 N. 21° Street
Tampa, FL 33605

Primary Contractor Contact

Steve Bortnick | Battelle (614) bortnick@battelle.org
505 King Avenue 424-7487
Columbus, OH 43201-2693
Primary EPA Contact
Shelly Eberly USEPA/OAQPS (919) Eberly.Shelly@epa.gov
MQAG (C339-02) 541-4128

Research Triangle Park, NC
27711
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Problem Statement: It is desired to use continuous PM, ; measurements for the
purpose of reporting an Air Quality Index (AQI). According to Part 58 of

40 CFR, Appendix G, these data may be used for this purpose if a linear
relationship between continuous measurements and reference or equivalent PM, s
method measurements can be established by statistical linear regression.
Therefore, a model relating FRM and continuous PM, s measurements, possibly

adjusting for meteorological data, is required.

In general, the resources and deadlines for establishing the relationship referred to in the
above problem statement will vary from one MSA to another. Resource and time constraints

should be specified in the early stages of this process.

2.2 STEP 2 - IDENTIFY THE DECISION

The purpose of this step is to clearly define the decision statement the study will attempt
to resolve. Activities include (1) identifying the principal study question, (2) defining the
alternative actions that could result from resolution of the principal study question,

(3) combining the principal study question and the alternative actions into a decision statement,
and, if necessary, (4) organizing multiple decisions. The expected output from this step is a
decision statement that links the principal study question to possible actions that will solve the

problem.

The principal activity associated with the overall DQO exercise is the development of a
model relating FRM PM, ; measurements with continuous PM, ; measurements, so that
continuous data can be used for the purpose of reporting an AQI or transformed into FRM-like
data for the purpose of reporting an AQI. For the purposes of this document, EPA assumes that
transformed data will more accurately estimate FRM data than un-transformed data. The
principal issue, therefore, is the determination of whether the model that is ultimately derived is

acceptable. If the model is deemed acceptable, an MSA’s AQI may be reported on a
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more timely basis using continuous PM, 5 data. If not, given the potential consequences (see
DQO Step 6), the model should not be used, which leads to the conclusion (possibly temporary)
that the MSA's AQI should not be reported using continuous PM, 5 data. Further investigation
might be conducted to obtain an acceptable model, such as developing alternative models,
evaluating the continuous and/or FRM monitoring methods (e.g., revisit the associated Quality
Assessment Project Plan), or waiting for more data to re-apply the current model. This leads to

the following:

Decision Statement: Is the statistical linear model relating FRM PM, ;
measurements to continuous PM, ; measurements acceptable for transforming
continuous measurements for the purpose of reporting the MSA’s AQI? If yes,
then the continuous PM, s data, along with the model, can be used to report the
MSA’s AQL If no, do not use continuous PM, s data to report the MSA’s AQL In
the latter case, an MSA might attempt to improve the model until it is acceptable.
If this fails, evaluation of the continuous and/or FRM monitoring methods may be

necessary.

2.3 STEP 3 - IDENTIFY INPUTS

The purpose of this step is to identify the informational inputs needed to resolve the
decision statement and determine the inputs that require environmental measurements.
Activities include (1) identifying the information required to resolve the decision statement,
(2) determining the sources for each item of information identified, (3) identifying the
information necessary to establish the action level, and (4) confirming that appropriate analytical
methods exist to provide the necessary data. The expected outputs from this step are the list of
informational inputs needed for the resolution of the decision statement and the list of

environmental variables or characteristics to be measured in the study.

The list of environmental measurements required for this study are as follows:
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. FRM PM, s daily measurements,
. continuous PM, ; hourly measurements, and possibly

. meteorological data such as temperature.

At the most basic level, the MSA will require a set of days for which both FRM PM,
measurements and continuous PM, s measurements have been obtained from sites within the
MSA. Such information is obviously vital to developing a model relating the two measures.
Ideally, (1) a large number of days will be available, including data spanning at least one year,
(2) at least some of the FRM-continuous data will be co-located, and (3) meteorological data will
be available for model improvement. In many cases, these data will be available in AIRS. In
some cases, data will be accessible from an MSA’s archive in spreadsheet or other format.

Along with data, guidelines for the approach to model development are available from most
introductory statistical linear regression texts. Guidance specifically tailored to the problem at

hand is provided in Chapter 3 of this report.

For this problem, there is no regulatory threshold value around which a decision-making
action level might be defined. Therefore, the expert opinion of veteran data analysts will be
solicited to determine a measure and associated action level around which model adequacy can

be determined.

2.4 STEP 4 - DEFINE THE STUDY BOUNDARIES

The purpose of this step is to define the spatial and temporal boundaries covered by the
decision statement. Activities include (1) specifying the characteristics that define the
population of interest, (2) defining the geographical area within which all decisions must apply,
(3) when appropriate, dividing the population into strata that have relatively homogeneous
characteristics, (4) determining the time frame to which the decision applies, (5) determining
when to collect data, (6) defining the scale of decision making, and (7) identifying any practical

constraints on data collection. The expected outputs from this step are a detailed description of
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the spatial and temporal boundaries of the problem along with a summary of the practical

constraints that may interfere with the study.

The population of interest is daily PM, ; concentrations for the MSA, measured in - g/m’.
The MSA is the geographical area within which the decision that the model is or is not
acceptable is to be applied. The time frame to which the decision applies will be up to individual
MSA decision makers. The recommendation is that an acceptable model should be checked for
accuracy and updated if necessary at least yearly or, better yet, quarterly. Hence, the time frame
to which the decision applies is, starting at the time of model acceptance, the upcoming 90-day

to one year period.

Data permitting, some MSAs might develop models specific to sub-regions within the
MSA; hence the spatial scale of decision making could be anywhere from an MSA sub-region
surrounding the site(s) used to develop the model up to the entire MSA itself. The temporal
scale of decision making might range from a few days (if a model is updated or replaced) up to
an entire year (if the MSA decision makers feel the model is still accurate a year after

development).

It is assumed that both FRM and continuous data are already being collected according to
a regular sampling schedule. Therefore, in most cases, the MSA’s current and historical
monitoring and sampling infrastructure will impose the most significant practical constraint on
data collection. The MSA might decide to modify sampling, if resources permit, to improve its

ability to build the relation between FRM and continuous PM, 5 monitoring data.

25 STEP 5 - DEVELOP A DECISION RULE

The purpose of this step is to define the parameter of interest, specify the action level,
and integrate previous DQO outputs into a single statement that describes a logical basis for

choosing among alternative actions. Activities and expected outputs include (1) specifying the
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statistical parameter that characterizes the population, (2) specifying the action level for the
study, and (3) combining the outputs of the previous DQO steps into an “if...then...”” decision
rule that defines the conditions that would cause the decision maker to choose among

alternatives.

Since the purpose of this exercise is to develop an acceptable model that relates FRM and
continuous PM, s measurements, DQO planning team members determined that the statistical
parameter of interest is the R? parameter provided as standard output from all software packages
that perform statistical linear regression. In general, R* measures the strength of the model fit to
the data. In this case, R* measures the square of the correlation coefficient between measured

and modeled FRM PM, , data.

In simple regression (i.e., regression of FRM on continuous PM, 5 data with no
adjustment for seasonality, MET data, etc.), R? is simply the square of the correlation coefficient
between FRM and continuous PM, s measurements. In multiple regression (i.e., regression of
FRM on continuous PM, s data along with other variables such as seasonality, MET data, etc.),
R? is known as the multiple correlation coefficient or coefficient of multiple determination, and
its interpretation is less straightforward. In either case, simple or multiple regression, R* is the
square of the correlation coefficient between observed FRM PM, ; data values and their modeled
counterparts, as derived from a fitted statistical linear model using continuous data. This latter
interpretation is the basis for establishing DQOs for the model to be developed and the data used

in that development.

Suppose there are n days of FRM and continuous PM, 5 data for use in model

A

development. Define y, to be the FRM concentration on the ith day, y, to be the modeled FRM

concentration on the ith day, and ) to be the average of the » FRM measurements. Then the

formula for R? can be written as follows:
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which indicates that R* measures the proportion of total variation in FRM data explained by the

model (i.e., how well the model fits the data).

The action level around which a model might be deemed acceptable was determined by
DQO planning team members to be the value of squared correlation (R?) equal to 0.70 which is a
correlation (R) of 0.84. At first, this action level might appear somewhat lax to data analysts
used to interpreting strong regression relationships as those with an R? value in the range of 0.80
or above. However, it is important to keep in mind that in the current context a decision is to be
made based on estimating the model’s true R* value, a rather uncommon activity in practice. In
most applied contexts, the sample statistic R? obtained from software regression output is treated
as the true R* value, when in fact it is only an estimate of the true unknown value. Under a
hypothesis testing scenario, accepting or rejecting a model based on a true R* action level of 0.70
is shown in Table 2-3 of Section 2.7 as equivalent to requiring a sample R* value equal to around

0.80, a model adequacy threshold more common to most applied data analysts.

The above discussion leads to the following:

“If...then...” Statement: If the true R’ value from the statistical linear regression
model relating FRM and continuous PM, ; measurements within the MSA over the
next 90-day to one year period is greater than or equal to 0.70, then continuous
PM, ; data can be used, along with the model, to report the MSA’s AQIL
Otherwise, the model in its current form is not acceptable, so continuous PM, ;

data should not be used for this purpose.
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2.6 STEP 6 - SPECIFY TOLERABLE LIMITS ON DECISION ERRORS

The purpose of this step is to specify the decision maker’s tolerable limits on decision
errors. Activities include (1) determining the possible range of the parameter of interest,
(2) identifying the decision errors and choosing the null hypothesis, (3) specifying the range of
possible parameter values where the consequences of decision errors are relatively minor (in the
gray region), and (4) assigning the probability values to points above and below the action level
that reflect the tolerable probability for the occurrence of decision errors. The expected outputs
from this step are the decision maker’s tolerable decision error rates based on a consideration of

the consequences of making an incorrect decision.

As stated in DQO Step 5 above, the correlation between observed and modeled FRM
PM, ; values (or R?) is a measure of the model's adequacy, and DQO planning team members
determined that a model is acceptable if its true R? value is at or above the action level of 0.70.
Hence, the decision as to whether the model is acceptable is statistically formalized as the

following hypothesis test:

H,: R?#0.70 versus H,: R*>0.70;

where, overall, R* values can theoretically range from 0.0 (i.e., no relation between actual and
modeled FRM PM, ; measurements) to 1.0 (i.e., perfect correlation between actual and modeled

FRM PM, ; measurements).

The null or baseline hypothesis of R* # 0.70 is chosen because the decision error
associated with this conclusion is considered to be the most serious, and thus should be guarded
against. Specifically, a false rejection decision error that the model is adequate (R? > 0.70) when
in fact it is not (R* # 0.70) could result in misleading AQI reporting in the form of incorrectly
claiming either good or bad air quality. In contrast, the false acceptance decision error that the

model is unsatisfactory (R* # 0.70) when in fact it is adequate (R* > 0.70) simply results in not
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using (or delaying the use of) continuous PM, ; measurements and the associated model to report

the AQI.

Along with the above hypothesis statement, three additional parameters must be specified
in order to formally accept or reject the model; namely, the false rejection decision error rate (**),
the false acceptance decision error rate ($), and the size of the gray region in decision making
(D). The false rejection decision error rate (') specifies the maximum probability of claiming the
model is adequate (R>>0.70) when in fact it is not. Common values for ** are 0.01, 0.05, 0.10,
and 0.20. The chosen level of ** will depend on the degree to which individual MSA decision
makers wish to protect against false rejection decision errors. Smaller ** values are more

restrictive and demand a better model along with more data for establishing that model.

The false acceptance decision error rate ($) specifies the maximum probability of
claiming the model is not adequate (R* # 0.70) when in fact it is (R* > 0.70). Common values for
$ are 0.20, 0.30, and 0.40. The chosen level of $ will depend on the degree to which individual
MSA decision makers wish to protect against false acceptance decision errors. Smaller $ values

are more restrictive and demand a better model along with more data for establishing that model.

The size of the gray region in decision making ()) specifies an area, starting at
R?=0.70 up to R? = (0.70 + ), within which somewhat higher false acceptance decision error
rates ($) are considered tolerable. Allowing for a gray region in decision making is necessary
given that real-world data are imperfect, and, therefore, do not lead to extremely confident
decision making very near an action level of concern (in this case, just above R* = 0.70). There
are no common values for ) , as its specification will depend on the problem at hand. In this
case, given that the action level is set at R* = 0.70, ) values in the range of 0.05, 0.10, and 0.15
would appear appropriate. These ) values lead to gray regions of (0.70-0.75), (0.70-0.80), and
(0.70-0.85), respectively. As with $, the chosen level of ) will depend on the degree to which
individual MSA decision makers wish to protect against false acceptance decision errors.

Smaller ) values represent a more restrictive requirement in the hypothesis testing framework.
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As an example, consider the DQO parameters ** = 0.05, $ = 0.30, and ) = 0.10.
Figure 2-1 provides a visual interpretation of the meaning of each of these parameters. The
figure draws a curve indicating the probability of claiming the true R? value is above the action
level of 0.70 (vertical axis) as a function of the true unknown R? value (horizontal axis). Notice
that for all values of R? # 0.70, the curve remains below the 0.05 threshold on the vertical axis.
In other words, if the model is truly inadequate (R? # 0.70), then the chance of claiming
otherwise is never more than five percent (i.e., " = 0.05). Likewise, if the model is quite good
(R? $ 0.80), then the chance of claiming otherwise is never more than thirty percent
(i.e., $=0.30). Finally, if the model is good, but only marginally so (0.70 < R? # 0.80), then the
chance of claiming otherwise could be substantial (i.e., more than 30 percent). Such is the

burden of decision making based on imperfect real-world data.

16 November, 2002



0.9

@:0.307

0.8

Power Curve
o
(5]
L

0.4

0.3

0.2

0.1

If true R%is above the upper
Gray Region bound of 0.80,

there is at most a 30% chance
($=0.3) of incorrectly concluding
the model is not adequate.

If true R2=0.78, there is a
50-50 chance of claiming either
the model is adequate (correct)
or not adequate (incorrect).

If true R%is at or below
action level of 0.7, there is

07 +————

at most a 5% chance («=0.05)
of incorrectly concluding the
model is adequate.

Action Level

O(=0,05‘{
0.0

Gray Region L g.2

0.0

Figure 2-1.

True R?

Example Decision Curve when N=90, "*=0.05, $=0.3, and )=0.10

17

November, 2002



2.7 STEP 7 - OPTIMIZE THE DESIGN FOR OBTAINING DATA

The purpose of this step is to identify a resource-effective data collection design for
generating data that are expected to satisfy the DQOs. Activities include (1) reviewing the DQO
outputs and existing environmental data, (2) developing general data collection design
alternatives, (3) formulating the mathematical expressions needed to solve the design problems
for each design alternative, (4) selecting the optimal sample size that satisfies the DQOs for each
design alternative, (5) selecting the most resource-effective design that satisfies all of the DQOs,
and (6) documenting the operational details and theoretical assumptions of the selected design in
the sampling and analysis plan. The expected output from this step is the most resource-

effective design for the study that is expected to achieve the DQOs.

The purpose of this DQO exercise was to provide guidelines for MSAs that would like to
use continuous PM, s monitors for timely reporting of their AQI. The purpose was not to
determine the exact model or type and amount of data to be used by each MSA. As such, Step 7
of the DQO process in this case is intend