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MEMORANDUM AND STANDARDS

TO: PM NAAQS Review Docket (EPA-HQ-OAR-2007-0492)

FROM: Michael Papp (EPA, OAQPS, AQAD, AAMG)L/M

DATE: June 13, 2012

SUBJECT:  Documentation of Measurement Uncertainty Estimates of Collocated
Chemical Speciation Network and IMPROVE Data for Use in the Secondary
PM,; 5 Standard for Visibility

This memo summarizes the evaluation of measurement uncertainty of Chemical Speciation
Network (CSN) and IMPROVE data that will be used to generate a visibility index for a
proposed PM; s secondary standard.

Background

A secondary PM, s visibility standard is being proposed that will use data from the Chemical
Speciation (CSN) and IMPROVE networks. Daily estimates of PM, s-related reconstructed
light-extinction, in units of Mm-1, are converted to visibility indices (VI) in units of
deciviews. EPA has data quality objectives for the primary PM, 5 standard and the
assessment was used to determine whether these objectives were adequate for the secondary
standard.

Measurement Uncertainty Assessment Approach
Measurement uncertainty was evaluated using collocated data from:

1. CSN sites with collocated CSN instruments,
2. IMPROVE sites with collocated sampling modules, and
3. Sites with collocated CSN and IMPROVE samplers.

The collocated data provides EPA with a measure of precision while collocated samplers
from the CSN and IMPROVE network can provide us some information of relative bias.
OAQPS discussed a number of assessment approaches internally and with QA
representatives from the IMPROVE network and agreed that comparing the VI value from
collocated samplers each day both samplers produced valid results appeared to be a
reasonable procedure for evaluating measurement variability.
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Measurement variability was assessed using the 90™ percentile upper bound coefficient of
variation (CV) which is the same statistic used to estimate the PM, s variability of collocated
sites for the primary standard. Precision estimates where made at each 10th percentile
visibility index concentration at each collocated site as well as providing an overall estimate
of precision for each site and for all collocated sites. The 90" percentile upper bound CV for
all sites averaged about 5.5% with a per site range of 3.7% to 9.4%.

Although neither network has a program to measure bias, there are a number of sites were
sampling instruments from both networks are collocated. Estimates of relative bias between
the collocated sites demonstrated that VI estimates were within 0.5 to 6.1% of each other
with an overall average percent difference of 1.5%. It was concluded that with the current
quality systems being implemented in both the CSN and IMPROVE programs, EPA can
expect that measurement uncertainty of the VI measurement can be controlled to the current
PM; 5 precision data quality objective of 10% . As mentioned in the report, CVs around the
proposed secondary NAAQS value are in the range of 5% and that both the CSN and
IMPROVE networks were producing comparable results.



Measurement Uncertainty Estimates of Collocated CSN and IMPROVE Data for Use in the Secondary
PM, ;s Standard for Visibility

Part of the NAAQS review process includes an assessment of the quality of the monitoring data in order
to determine whether data quality objective (DQO) goals for precision and bias are acceptable. These
DQO goals are then used to set measurement quality objectives that the monitoring organizations can
use to assess and control the quality of its ambient air data. In 1997, data quality objectives goals were
developed for precision and bias related to making PM, s NAAQS decisions and published in the ambient
air quality assurance regulations (40 CFR Part 58, Appendix A). The DQO goals established for the
primary PM, s standard will not change. However, a secondary PM, s visibility standard is being
proposed that will use data from the Chemical Speciation (CSN) and Interagency Monitoring of
Protected Visual Environments (IMPROVE) networks. Since these two networks are already collecting
data for objectives other than NAAQS decisions, OAQPS needs to assess the measurement uncertainty
relative to use in NAAQS decisions.

The secondary PM, s visibility standard will be measured in units of deciviews. Daily estimates of PM, s-
related reconstructed light extinction, b, (expressed in units of inverse megameters (Mm-1)), are
derived from the following equation:

PM, b, = (3xSulfate, x f(RH),,,) + (3x Nitrate, x f(RH),,,,) + (4x OM,) + (10x EC,)
Where:
PMyshew:; = PMss-related light extinction in Mm™ for day i;
Sulfate; = ammonium sulfate for day i;
Nitrate ; = ammonium nitrate for day;
OoM; = organic mass for day;
EC; = the reported concentration of elemental carbon for day i;
FS; = fine soil for day i; and
flRH)mg = the RH hygroscopic growth factor determined from the EPA “climatological f(RH)

database” corresponding to month m for day i for the grid point gp closest in distance to
the monitoring site

Fine soil (FS;) is PM, 5 crustal material. It is derived from the reported PM, s concentrations of
aluminum (AL), silicon (Si), Calcium (Ca), Iron (Fe), and Titanium (TI) using the formula: FS = 2.20[Al] +
2.49[Si] + 1.63[Ca] + 2.42 [Fe] + 1.94 [Ti]. f(RH) is a hygroscopic factor used to relate a given relative
humidity (RH) to its impact on PM, 5 light-scattering.

Daily estimates of Bey, in units of Mm-1, are converted into PM, 5 visibility index values, in units of
deciviews,' according to the following equation:

R ) (PM 25 _bext, +lO)
PM, ¢ _visibility _index; =10xIn '
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! pitchford M (2010). Assessment of the Use of Speciated PM, 5 Mass-Calculated Light Extinction as a Secondary PM NAAQS
Indicator of Visibility. Memorandum to PM NAAQS review docket. November 17, 2010. Docket ID number EPA-HQ-OAR-2007-
0492-0337



The reader is referred to the NAAQS proposal *> for a more detailed explanation of the visibility index
(V1) calculation.

Approaches to the Evaluation of Measurement Uncertainty for the Visibility Index

The best information to assess measurement uncertainty can be derived from the collocated data that
are collected at a number of sites in the CSN and IMPROVE networks. One could evaluate measurement
uncertainty by two possible approaches:

1. Estimate variability of each parameter used in the VI calculation separately and then perform
some additive error (propagation of error) assessment.

2. Estimate the VI value of the primary sampler and the collocated sampler each day both samplers
provide valid results. Estimate variability of the VI pairs and provide some statistically relevant
estimate of the average variability or a distribution of variability.

OAQPS discussed both approaches internally and with QA representatives from the IMPROVE network
and there was agreement to proceed with approach #2 and assess precision between VI values at sites
with collocated CSN samplers and sites with collocated CSN/IMPROVE samplers®. The assessment
should inform us of the measurement uncertainty associated with the VI estimate using the current data
quality requirements documented in the IMPROVE and CSN QA Project Plans (QAPPs) and standard
operating procedures (SOPs). Although we do not plan to use approach # 1, this paper will provide
precision estimates, by parameter and site, for the six collocated CSN sites and for the nineteen
IMPROVE sites that collocate PM, 5 sampler modules (further explained below). Since the VI values
require input of the parameters listed in Table 1, data quality for these parameters must be evaluated
and controlled to acceptable levels in order to achieve an acceptable level of data uncertainty of the VI
estimate.

It is worth noting that f(RH), a parameter that can influence measurment uncertainty, was not
evaluated in this assessement. It was not estimated in the field and since the same f(RH) value was used
in the VI calculations for both collocated samplers, the parameter would not influnce data uncertainty.

Data Sets and Data Manipulation

The evaluations that follow are derived from different sources of data. They can be characterized as
follows:

e collocated CSN data for parameter level evaluations,
e collocated IMPROVE data for parameter level evaluations, and
e collocated CSN and IMPROVE data for VI evaluations.

2 40 CFR part 50 Appendix N
* Comparing two different samplers can provide an estimate of relative bias which is evaluated later in the paper



Collocated CSN Data for Parameter Level Evaluations

Table 1. Parameters Used in Parameter Level and
VI Measurement Uncertainty Evaluations

AQS Parameter Code Parameter Details of the CSN program, including the QAPP and
88104 Aluminum SOPs can be found on the AMTIC Webpage®. Table
88111 Calcium 1 provides a list of the parameters used for
88126 Iron .. .

38161 Titaniom precision estimates. Collocated data from May
88165 Silicon 2007 through December 2010 were downloaded
88306 Nitrate from AQS for the precision estimates. The list of
88403 Sulfate collocated sites, along with the dates of carbon

H *
88305 Organic Carbon conversion (described below), is provided in Table
88307 Elemental Carbon* 5
88370 Organic Carbon ** :
88380 Elemental Carbon **

* Parameter codes for carbon before the carbon conversion
** parameter codes for carbon after the carbon conversion
(described below)

Table 2 represents the collocated CSN sites that were used in the evaluation. Two CSN samplers are
collocated at each of the sites and can consist of up to three sampler types:

1. URG 3000N for the new carbon parameters
2. Met-one SASS or super SASS for mass, ions, elements, and old carbon (prior to conversion)
3. URG MASS 400 for mass, elements and ions prior to replacement with a MetOne

The data from these sites were used to perform evaluations of variability for each parameter for the
days both samplers operated and provided valid data. Data were removed for any pair of data points
where one measurement was missing. The data were also removed for any pair of data points where
one measurement was below the average parameter method detection limit (MDL). An MDL is
associated with every sample value. For each parameter, the MDLs for each sample value were
averaged. This average was then used to remove data for any measurement value below this MDL
average. The MDLs used for this assessment can be found in Table 5 for each CSN parameter. No other
data manipulation or reduction occurred.

Table 2. CSN Collocated Sites

CSN/CSN Collocation
Site Name Location Site ID Date of Carbon | Number of
Conversion Paired Values
Bakersfield Bakersfield, CA 060290014 | May 1, 2007 127
Rubidoux Rubidoux, CA 060658001 | May 1, 2007 177
New Brunswick | New Brunswick, NJ | 340230006 | October 1, 2009 141
GT Craig Cleveland, OH 390350060 | October 1, 2009 133
Roxbury Boston, MA 250250042 | October 1, 2009 162
Deer Park Houston, TX 482011039 | April 1, 2009 123

* http://www.epa.gov/ttn/amtic/speciepg.html



Carbon conversion- After review of the CSN and IMPROVE carbon data (around 2005) there was a

realization that there were differences in the OC and EC estimates between the networks.

This

disparity led to a carbon conversion project® which began conversion of the CSN sites to IMPROVE-like
carbon sampling and analysis® from May 2007 through October 2009. In general, it is expected that the
CSN results for OC were higher than IMPROVE prior to the conversion due to differences in sampling
filter face velocity (CSN had lower face velocity, resulting in higher OC). Differences in EC were generally

smaller, not related to filter face velocity, and also site specific.

In addition, one CSN site (Deer Park) replaced their legacy sampler for mass, elements, and ions (URG
MASS 400) with a MetOne sampler on February 3, 2009.

Collocated IMPROVE Data for Parameter Level Evaluations

Details of the IMPROVE program including the QAPP and SOPs can be found on the IMPROVE Webpage’.
Table 3 lists the IMPROVE sites that had sampling modules collocated. The IMPROVE sampler is made
up of four sampling modules®. Three of the modules are for PM, s sample collection (A, B, and C) and
the fourth is for PM4,. Unlike CSN, the IMPROVE program does not collocate two complete samplers at

Table 3. IMPROVE/IMPROVE Module Collocations

Common Site Name Location | Site Code
Big Bend, NP TX BIBE1
Blue Mounds MN BLMO1
Everglades NP FL EVER1
Frostburg MD FRRE1
Gates of the Mountains MT GAMO1
Hercules-Glades MO HEGL1
Hoover CA HOOV1
Lassen Volcanic NP CA LAVO1
Medicine Lake MT MELA1
Mammoth Cave, NP KY MACA1
Mesa Verde co MEVE1
Phoenix AZ PHOE1
Proctor Maple Research Facility | VT PMRF1
Olympic WA OoLYM1
Sac and Fox KS SAFO1
Saint Marks FL SAMA1
Sawtooth NF ID SAWE1
Seney Ml SENE1
Trapper Creek AK TRCR1

each site but collocates one of the three
PM, s modules as a fifth sampling module
at select sites. This results in about six
sites with one of the collocated sampling
modules (A, B, or C). The IMPROVE
program provided the data for the
collocated modules. Collocated data for
the fine soil fraction were provided for the
years 2006-2009 and data for OC, EC,
sulfate and nitrate were provided for years
2007-2010.

Similar to the CSN data reduction, data
were removed for any pair of data points
where one measurement was missing or if
the data points were below the average
MDL for that parameter. MDLs were
averaged in the same manner as described
for the CSN data. MDLs are identified for
the IMPROVE data in Table 6. No other
data manipulation or reduction occurred.

> AMTIC Carbon Implementation Website http://www.epa.gov/ttn/amtic/specurg3000.html
® PM2.5 Speciation Newsletter Issue #5 http://www.epa.gov/ttn/amtic/spenews.html

’ http://vista.cira.colostate.edu/IMPROVE/
® http://vista.cira.colostate.edu/IMPROVE/Publications/OtherDocs/IMPROVEDataGuide/IMPROVEdataguide.htm



Collocated CSN and IMPROVE Data for VI Evaluations

This section will describe the CSN and IMPROVE data used for the uncertainty evaluation using the
visibility index.

Collocated CSN VI Data

Members of EPAs Air Quality Analysis Group (AQAG) extracted the CSN data from AQS for years 2007 to
2009 and performed the VI calculation for the collocated CSN sites listed in Table 2. Sampling
frequency for the collocated CSN sampler was every 6 days.

As proposed in 40 CFR part 50 Appendix N, all 5 VI parameters need to be present for each day the
index is calculated. The Appendix A quality assurance regulatory proposal for light extinction suggests a
cutoff value of 5 deciviews be used before any collocated pair is included in the coefficient of variation
(CV) calculation (both values would have to be greater than 5 deciviews). Therefore VI values less than 5
deciviews were removed from the database. There were no more than 4 values removed from the
entire CSN and CSN/IMPROVE collocated sites based on this restriction. There was no data
manipulation or reduction beyond the restrictions mentioned above. Unlike the CSN/IMPROVE
collocation, there was no removal of data from sites that used other samplers to collect OC/EC before
conversion to the URG 3000N, since the collocated pair of samplers at the site were the same make and
model. Therefore, parameter codes 88305, 88307, 88370 and 88380 were used in the collocated CSN
assessment

Collocated CSN/IMPROVE VI Data

The AQAG provided a VI data set of the collocated CSN/IMPROVE Sites (January, 2007 through
December, 2009). Table 4 lists the sites with collocated CSN/IMPROVE samplers along with the dates of
carbon conversion for the CSN samplers. Sampling frequency at the CSN/IMPROVE sites was every three
days.

Table 4. Sites with Collocated CSN and IMPROVE Based on the issues

CSN/IMPROVE Collocation described earlier in relation

Site AQS Site ID Date of Carbon Number of to the carbon conversion,

Conversion paired values | at3 evaluations were
Birmingham, AL 010730023 May 1, 2007 288 performed only on data
Phoenix, AZ 040139997 October 1, 2009 30

- from CSN samplers after

Fresno, CA 060190008 April 1, 2009 80 1o to the URG
New York, NY 360050110 | May 1, 2007 263 conversion to the
Seattle, WA 530330080 | May 1, 2007 254 3000N. This had an effect

on the number of collocated

Vl values reported for the Phoenix and Fresno sites. Other than this data reduction, the same data

manipulation techniques used in the collocated CSN data were used for this data set.



Data Evaluation

Data for each parameter were sorted by site and parameter and the 90" percentile upper bound
coefficient of variation (CV) estimated. CV is estimated as follows:

Estimate relative percent difference for each collocated pair. The relative percent difference, dj, is
calculated by Equation 1.

Equation 1

X; -,

di =m100

where X; is the concentration of the primary sampler and Y; is the concentration value from the
collocated sampler.

The precision upper bound statistic, CV,,, is a standard deviation on d; with a 90 percent upper
confidence limit (Equation 2)°.

Equation 2

n 2 n 2
i=1 i-1 n-1
CV _ub= =
2n(n—1) Xoin-1

where, n is the number of valid data pairs being aggregated, and xzo_ll,,_l is the 10th percentile of a

chi-squared distribution with n-1 degrees of freedom. The factor of 2 in the denominator adjusts for the
fact that each d;is calculated from two values with error. Since this estimate is currently being
performed for the collocated sites in the PM, s network for the primary standard, and EPA is proposing
to use the same statistics in the secondary standard, it made sense to use this statistic to evaluate the
CSN and IMPROVE data. Tables 5 and 6 provide the variability estimates by site and parameter for CSN
and IMPROVE collocated sites respectively.

Data evaluations were generated using the Data Assessment Statistical Calculator™ (DASC) software tool
that was developed for monitoring agencies to evaluate data quality using the current CFR statistics.
The tool can be use to generate the equation 1 and 2 statistics and graphically display the data.
Appendix A and B provide the DASC tool results for individual parameters for both CSN and IMPROVE
respectively.

In reviewing Tables 5 and 6, one can see there is more imprecision associated with the CSN fine soil
fraction elements compared to fine soil fraction derived from the IMPROVE collocated sampling
modules. The CSN precision values compare reasonably well to an assessment performed on 2002-2004
data’. The measurement quality objectives (MQOs) listed in that assessment were 20% for trace

? Equation 2 is equation 11 in 40 CFR Part 58 Appendix A and is so referenced in the Appendix A graphs
% http://www.epa.gov/ttn/amtic/gareport.html
1 pMm2.5 Speciation Network Newsletter #4 http://www.epa.gov/ttn/amtic/spenews.html




elements, 15% for carbon and 10% for sulfate and nitrate. With the exception of the trace elements,

the overall site averages are reasonably close to the original MQOs. A portion of the greater imprecision
are a result of using the 9o percentile CV statistic that was used in this evaluation but not used in the
earlier assessment. There is some disparity in the site level precision estimates that may be associated
with sampler or lab errors (no outliers were removed from the evaluations).

Some of the differences between the CSN and IMPROVE data can also be attributed to smaller sample
volumes and lighter particulate loadings in the CSN (where one or a few larger imprecision values can
have an affect on the CV statistic) as well as lower concentration sites, where a relatively small
difference can cause higher imprecision than sites with higher concentrations. IMPROVE samplers use
higher flow rates along with smaller filters which results in higher particle loadings on the filter (~10
times higher) which can help improve the instrument’s ability to detect the trace elements and resulting
precision estimates. The sulfate, nitrate, organic carbon and elemental carbon precision results are
more comparable between the networks with sulfate and nitrate having higher, but acceptable,
imprecision at the CSN collocated sites and organic carbon and elemental carbon having a slightly
higher, but acceptable, imprecision at the IMPROVE sites.

Table 5. 2007-2010 Collocated CSN Data Upper Bound 90th Percentile CV From Values > MDL

Site ID Al Ca Fe Ti Si NO3 504 oC EC
MDL ug_,"'ma 0.015% 0.006 0.002 0.005 0.013 0.011 0.013 0.064 0.064
Bakersfield, CA 26.56 25,03 23.88 31.88 24.34 12,15 9.74 13.45 9.67
Rubidoux, CA 32.84 22,79 20,99 33.67 19,22 11.73 10,78 10.19 10.78
Boston, MA 43.49 30.12 20,53 39.09 27.36 12.68 8.51 8.67 13.18
MNew Brunswick, MJ 56.26 50.29 46.64 59.6 49.76 25,15 21.5 9.33 10.9
Cleveland, OH 50.42 43.86 25.81 37.34 33.61 8.24 8.24 26,57 24.62
Houston, TX 36.02 23.22 28.66 29,89 33.97 25.43 22,93 8.82 13.55
Site Average CV 37 32.55 28.83 32.32 30.41 16.61 13.09 12.84 13.13




Table 6. 2006-2010 IMPROVE Data Upper Bound 90th Percentile CV From Values > MDL

Site ID Al Ca Fe Ti Si NO3 504 0C EC

MDL ugfm3 0.003 0.0001( ©0.00004| 0.00005 0.0014 0.0124 0.0158 0.064 0.064

Big Bend, NP 9.32 1.79

Blue Mounds 2.85 1.99

Everglades NP 17.05 15.74

Frostburg 4.78 2.28

Gates of the
Mountains 8.40 5.11

Hercules-Glades 9.85 12.25

Hoover 221 14.66

Lassen Volcanic NP 9.24 3.92

Medicine Lake 19.36 16.34

Mammoth Cave, NP 5.54 1.79

Mesa Verde 20.71 25.59 20.11 20.75 21.5

Olympic 15.06 12.48 15.97 23.3 20.88

Phoenix 12.07 11.41 9.43 10.27

Proctor Maple
Research Facility 13.63 13.83 13.23 18.38 14.64

Sacand Fox 12.29 12.02 9.02 12.1 10.99

Saint Marks 13.72 8.02 7.23 11.9 13.62

Sawtooth NF 17.63 15.3

Seney 17.8 13.19

Trapper Creek 16.73 19.42 16.72 24.69 22.41

Site Average CV 15.37 15.23 13.71 18.52 17.34 7.44 4.04 16.25 14.04

Although this paper is not intended to provide a detailed discussion on the differences in precision
estimates between the CSN and IMPROVE networks, some assessments related to this data have

12,13
E

already been performed by IMPROV and the EPA CSN contractor laboratory through technical

papers ** and annual data summaries.

The parameters evaluated in Tables 5 and 6 are input parameters (along with RH) to the light extinction
equation which produces a visibilty index value in deciviews. The next step is to determine the
variability in the visibility index value for collocated CSN/CSN sites (those listed in Table 2) and
collocated CSN /IMPROVE sites.

12 Hyslop NP and Warren White; Sources of Uncertainty from the Inter-species Covariance of Measurement Errors..
Environmental Science and Technology, 2011

13 Appendix E of Spatial and Seasonal Patterns and Temporal Variability of Haze and its Constituents in the United States:
Report IV
November 2006 http://vista.cira.colostate.edu/IMPROVE/Publications/Reports/2006/2006.htm

% James B. Flanagan, R.K.M. Jayanty, Edward E. Rickman. PM2.5 Speciation Trends Network: Evaluation of Whole-System
Uncertainties Using Data from Sites with Collocated Samplers, 2006 J. Air & Waste Manage. Assoc. 56:492—-499
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Table 7 provides site level summary results of the 90" percentile upper bound CV for the visibilty index
aggregated at 10" percentile visibility index levels. The overall CV results for the collocated CSN sites
and the CSN/IMPROVE sites are very similar with an average CV of around 5.5%.

Table 7. 90 Percentile Upper bound CV at 10 Percentile Visibilty Index Levels

Site Site ID 0-10% 10-20%  20-30%  3040%  40-50%  50-60%  60-70%  70-60%  80-90% 90-100% Overall
CSNICSN Sites
Bakersfield, CA 06-029-0014 5.08 1.45 14.37 2.53 4.34 1.62 1.83 111 1.18 0.54 3.97
Rubidoux, CA 06-065-8001 10.11 3.2 5.76 3.83 3.09 2.62 3.45 1.99 0.89 0.63 3.63
Boston, MA 25-025-0042 8.22 10.4 7.47 3.22 291 5.4 12.53 6.46 245 4.3 5.77
MNew Brunswick, NJ  34-023-0006 10.58 6.73 5.45 4.25 15.12 7.01 3.43 2.83 3.38 3.84 5.89
Cleveland. OH 39-035-0060 5.57 5.09 4.25 4.1 10.57 3.82 1.58 3.1 3.35 2.07 4.03
Houston, TX 43-201-1039 24.77 9.6 8.61 7.08 8.19 3.75 5.79 8.95 10.61 1.43 9.44
All CNICSN Average 10.90 1.21 6.45 6.87 6.21 3.42 4.20 2.92 2.20 1.11| 5.46
CSN/IMPROVE Sites
Birmingham, AL 01-073-0023 .77 3.29 2.18 3.74 2.97 1.3 7.65 1.33 3 3.29 3.69)
Phoenix, AZ * 04-013-9997 43.53 27.82 13.79 .73 7.95 7.12 4.69 6.9 4,83 341 6.46
Fresno, CA* 06-019-0008 11.38 4.19 3.17 3.35 16.41 2.47 1.46 1.66 4.57 21.63 1.07
MNew Yaork, NY 36-005-0010 6.02 3.57 3.34 3.54 2.4 2.05 2.75 6.41 2.45 2.51 3.38
Seattle, WA 53-033-0080 12.93 8.97 7.43 4.71 2.65 7.99 3.54 3.93 3.03 3.14 5.7
All CSN /IMPROVE Average 5.99 442 4.65 5.07 3.01 2.75 2.7 4.35 3.18 5.52' 5.26

* Conversion to URG 300N sampler occurred in 2009 for Phoenix and Fresno site so CV estimates based on fewer values than other sites

There was an expectation that the CV results between CSN/IMPROVE would be somewhat higher than
the collocated CSN instruments due to difference in samplers, analytical methods and laboratories, and
the fact that variability in the trace elements were greater in the CSN network. The CV results of the
Phoenix and Fresno sites are somewhat higher than the other sites but those two sites have the least
amount of data (30 and 80 collocated pairs respectively which result in 3 and 8 pairs respectively at each
10th percentile range) which will have an effect on the 9o™ percentile upper bound CV precision
estimate. However, even with the complication of sample size for the Phoenix and Fresno sites, based
on the assessment of precision, it would appear that both networks are within the current 10% precision
goals for the primary standard. Appendix C provides the results of the data evaluations for each
collocated CSN site and Appendix D provides the results of the data evaluations for each CSN/IMPROVE
site.

Discussion

The secondary PM, s NAAQS is being proposed at a range of 28-30 deciviews". This equates to the data
from the collocated CSN and CSN/IMPROVE sites in the 60™ percentile VI range and above (site
dependent). Within the 60" through 100" percentiles, the 9o™ percentile upper bound CVs range from
a high of 5.52% to a low of 1.11%. As the data in Appendix C and D illustrate, when collocated VI
estimates are aggregated at 10" percentiles, the CVs are estimated on around 30 collocated pairs where
a few values can influence the estimate. As mentioned in the data manipulation section, no outliers
were removed from this data set so individual values may have an influence. Even with limited data
manipulation (values < 5 deciviews removed) the average CV results from all the collocated sites in the
range of the standard are below 5% CV (see Table 8). At the proposed NAAQS range a 5% CV would
equate to about +1.5 deciview variability around the estimated value.

> At the time this paper was written the NAAQS had not been proposed and therefore a range was used.
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Table 8. 90 Percentile Upper Bound CV at Upper Percentile VI Values

60-70%  70-80%  8090% 90-100% Average
All CHN/CSHN Sites 4.20 2.92 2.20 1.11 2.61
All TSN /IMPROVE Sites 2.71 4.35 3.18 5.52 3.04

Bias Evaluation

In evaluating the collocated CSN/IMPROVE precision graphs in Appendix D, a pattern appeared to
emerge. Most of the relative percent differences in the graphs were above zero indicating a bias
between the two networks VI estimates. In order to asses this further, EPA ran the current PM, 5 bias
statistics on the collocated VI values. The bias statistic assumes one value is an audit value (truth) of
known concentration. In this case, we do not have a known value but as long as we identify a network
as the “audit value” and we are consistent in applying the statistic, we can determine if there is a
relative bias between the networks.

The curent bias statistic simply estimates the percent difference between the two collocated values as
follows:
measured — audit

di = 100
: audit *

where, measured is the concentration indicated by the CSN light extinction values and audit is the
IMPROVE light extinction values. We then take the average of the percent differences to estimate
average bias for a site. Appendix D also calculates confidence limits for these average bias estimates
using equations 13 and 14 in 40 CFR Part 58 Appendix A:

Egquafion 12

Upper 20% Confidence Interval = D+t 5 36 ——

Equation 14

Lower P0% Confidence Interval = D -t 55 ——

Where, tg.95,4iis the 95th quantile of a t-distribution with degrees of freedom df = nj-1 and s is an
estimate of the variability of the average bias calculated using equation 15 in 40 CFR Part 58 Appendix A:

Egquafion 1.5




Table 9. Visibility Index Bias Estimates
for Collocated CSN/ IMPROVE Sites

Site Average Bias (%)
Birmingham, AL 2.1
Phoenix, AZ 6.1
Fresno, CA 0.54
NY, NY 3.9
Seattle, WA 3.7
Average-All sites 15

11

Table 9 provides the bias estimates for the collocated
CSN/IMPROVE sites. The CSN VI values are usually higher
compared to the IMPROVE values but as Figure 1
indicates, the overall average of the 915 collocated
CSN/IMPROVE pairs greater than 5 deciviews is 1.5%.
Although we do not currently use the absolute value bias
statistic that is in use for the gaseous pollutants, we ran
the CSN/IMPROVE data through that statistic. This
statistic assigns a positive or negative bias if both the 25

an ercentile values (when the bias values are rank ordered lowest to highest) have the same sign.
d75p il lues (when the bi | k ordered | highest) h h ig
With the exception of the Phoenix site (only 30 pairs), the other four CSN/IMPROVE sites had the 25™
and 75™ percentile bias value as positive, indicating the CSN VI estimate as biased high compared to

IMPROVE.

There may be a few technical issues that can
account for some of the bias. The IMPROVE
program reports OC that are blank corrected. EC
is not adjusted. CSN is recommending an
approach to blank correction in the proposed
secondary standard but it was not implemented
for this evaluation. Therefore, CSN values for the
OC fraction will be somewhat higher. The
magnitude of this affect are unknown at this time
but will be evaluated.

The PM, s DQO goals for bias for the primary
standard is currently 10%. Although we do not
have a performance evaluation program in the
CSN or IMPROVE networks the evaluation seems
to suggest that the networks are producing VI
estimates within 2% of each other.

Conclusion

Bias (%)
n D Bias UCL (%) (Eqn #13)
915| 1.492 201
n-1 Sd Bias LCL (%) (Eqn. #14)
914 9.574 0.97

Percent Difference
CSN/IMPROVE Bias
All sites

£0.000
60.000 —

®
40000 | + . *
20.000 -

0.000
-20.000
*
-40.000 ¥ *
-60.000

L )
*
*

Percent Difference

5 10 15 20 25 30 35 40

Visibility Index [Deciview)

Figure 1. Bias estimates (percent difference) of CSN/IMPROVE collocated sites

It appears that with the current quality systems being implemented in both the CSN and IMPROVE

programs, we can expect that measurement uncertainty of the VI measurement can be controlled to

the current PM, s precision data quality objective of 10% . As stated earlier, CVs around the NAAQS

value are in the range of 5%. In addition, although we do not have a performance evaluation program in

place, both networks are producing comparable VI results with the CSN network producing slightly

higher VI values.

The CSN network is in the process of reviewing its QAPP and will look to determine if the current

measurement quality objectives of the VI parameters need to be revised. Although the CSN and

'® Guideline on the Meaning and Use of Precision and Bias Data required by 40 CFR Part 58 Appendix A

http://www.epa.gov/ttn/amtic/qareport.html
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IMPROVE participate in performance evaluation programs that can determine laboratory comparability,
neither have a performance evaluation program that will allow for an estimate of overall bias from field
sampling and laboratory measurement phases. Ensuring that collocated CSN/IMPROVE samplers
continue to operate at a reasonable number of sites will help to evaluate data comparability.

Decision makers need to determine whether this measurement uncertainty is acceptable or not. If not,
further evaluation would need to occur to determine what error(s) play the largest roles in the VI
estimate and attempt to look at ways of reducing and controlling these uncertainties. If the
measurement uncertainty is acceptable, then the current IMPROVE and CSN quality systems are
providing adequate data quality for the decisions makers estimates around the proposed NAAQS.



Appendix A

Graphs of Relative Percent Difference of Collocated CSN Data by Parameter and Site

Data set from 2007 — 2010 where values from the routine and collocated samplers were
greater than the average MDL. Data was assessed using the Data Assessment Statistical
Calculator (DASC). Some statistical summations are used in the derivation of the overall

coefficient of variation and are an artifact of the output.






Collocated CSN Precision Estimates for Data Greater than the MDL- Parameter Aluminum
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Collocated CSN Precision Estimates for Data Greater than the MDL — Calcium

2
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Collocated CSN Precision Estimates for Data Greater than the MDL — Iron
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Collocated CSN Precision Estimates for Data Greater than the MDL - Titanium
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Collocated CSN Precision Estimates for Data Greater than the MDL -Silicon
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Collocated CSN Precision Estimates for Data Greater than the MDL - Nitrate
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Collocated CSN Precision Estimates for Data Greater than the MDL - Sulfate
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Collocated CSN Precision Estimates for Data Greater than the MDL - Organic Carbon
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Collocated CSN Precision Estimates for Data Greater than the MDL - Elemental Carbon
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Appendix B

Graphs of Relative Percent Difference of Collocated IMPROVE Modules by
Parameter and Site

Data set from 2006 — 2010 where values from the collocated sampler modules
were greater than or equal to the average MDL. Data was assessed using the Data
Assessment Statistical Calculator (DASC). Some statistical summations found
above the graphs are used in the derivation of the overall coefficient of variation
and are an artifact of the DASC output.






Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Aluminum
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Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Calcium
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450 1708.810  548217.838 2559 462 232161 132462752 12.48
- - - N
[ Relative PercentDifference Values >MDL | Relative PercentDifference Values > MDL
Calcium Calcium
IMPROVE Site : Mesa Verde, CO - IMPROVE Site : Olympic, WA
150
100 +3 1 100 hd
50 1 1 50 b L
- 0
50 -
50 L + 1 ¢
3 3
b
100 $ Y -100
e -150
\
n Zld| zid?  [ave. Conc. ugim3 n =ld| =ldf Ave. Conc. ug/m3
451 4829.034  164130.184] 0.016 438 4235163 117789557 0.112
n-1 =d =d? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
450 1645289  164130.184 13.83 437 885.601  117789.557 R
Relative PercentDifference Values > MDL A Relative PercentDifference Values > MDL
e Calcium
IMPROVE Site : Proctor RC, VT o . MPROVE Site : Sac & Fox, KS
150
100
SO A
o + * .
T 0
- 50 T+ L 2 +
A A -100 .
-100 450
-150
n Zd TP [Ave. Conc. ugim3 n Zid| Zid?  |Ave. Conc. ug/im3
433 3750.018 67490572 0.044 470 7903243  334037.876] 0.009
n-1 xd =d* CV (%) (Eqn 11) n-1 =d zd? CV (%) (Eqn 11)
g 432 2670 678 67490 572 8.02 L 469 1969.5613  334037.876 19.42
= G s . B ™
Relative PercentDifference Values > MDL Relative Percent Difference Values > MDL
Calcium Calcium
- IMPROVE Site : Saint Marks, FL IMPROVE Site : Trapper Creek, AK
150
100 T 100 1.
50 a0 Y hd T l > QT
0 W
-50 1 .
100 =50 1
- -100
150 l‘

-150




Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Iron

n Zld| Zdf Ave. Conc. ug/m3 n Zld| zldf Ave. Conc. ug/m3
451 8043516 341892 808[ 0.043 463 5507.527  216256.794] 0011
n-1 =d =d? CV (%) (Eqn 11) n wd =d? CV (%) (Egn 11)
450 1985322 341892.808 2011 462 404916 216256 794 15.97]
- - ™
Relative Percent Difference Values > MDL Relative PercentDifference Values > MDL
Iron Iron
IMPROVE Site :Mesa Verde, CO IMPROVE Site :Olympic, WA
150 150 -
100 . 100 *
50 oT. + 50 e * o th] T * e
0 0
50 -50 ] + F Y
00 1 100
150 150
n Zld| =ld? Ave. Conc. ug/m3 n Zld| F|d? Ave. Conc. ug/m3
451 4138157 148445.291] 0.015 439 3196.997 66682 944[ 0.043
n1 =d zd? CV (%) (Eqn 11) n-1 =d wd? CV (%) (Eqn 11)
450 1374.695 148446 291 13.23 438 802461 66652 944 9.02
e - - - -
Relative Percent Difference Values > MDL Relative Percent Difference Values > MDL
Iron Iron
IMPROVE Site :ProctorRC, VT IMPROVE Site :Sac & Fox, KS
150 150
100 100
50 1 " 50 ’
0 0
-50 b 50 I\
100 -100
150 . 150 >
n Zld| Tldf Ave. Conc. ug/m3 n Zld| =ldi? Ave. Conc. ug/m3
433 3277.715 53812847 0.049 470 6634936 247958 737[ 0.010
n-1 zd zd? CV (%) (Eqn 11) n-1 zd =d? CV (%) (Eqn 11)
432 2334.333 53812.847) 7.23 469 1876.5636 247958737 16.72
Relative Percent Difference Values > MDL Relative Percent Difference Values > MDL )
Iron Iron
IMPROVE Site :Saint Marks, FL IMPROVE Site : TrapperCreek, AK
150 150
100 100 hd
50 3 50 t 1 t T ., Tt
0 0
-50 -30 3 i M 7Y *
100 100 ! |
-150 150 g +




Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Titanium

n =ld| Tld? Ave. Conc. ug/m3 n =ld| =ldf? Ave. Conc. ug/m3
450 8650 544 367769291 0.004 419 8601894 415999 G45[ 0001
n-1 Zd zd? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
449 2483546 367759.291 20.75 118 -866.894 415999 645 23.3
Relative PercentDifference Values >MDL | Relative PercentDifference Values > MDL
Titanium Titanium
. IMPROVE Site : Olympic, WA
IMPROVE Site : Mesa Verde, CO ympic,
150 JJ 150 -
100 + 100 - !
50 4 _ ? 50 + + To .T‘
0 asedl e sl Tl . L5 1t 5 o ]
' L NP P ™
-50 VP P¥—4 S0 T + ] T P [ (¥
-100 - -100
-
150 -150
n Tid| FIdP  |Ave. Conc. ugim3 n Fid| Fd?  |Ave. Conc. ug/im3
438 7194.561 273870.433] 0.001 433 4877.070 120929.450[ 0.003
n-1 Zd =d* CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
437 1314250 273870433 158.38 437 1314.539  120929.450 121
Relative PercentDifference Values > MDL . . ~,
Titanium Relative PercentDifference Values > MDL
IMPROVE Site : ProctorRC, VT Titanium
- IMPROVE Site : Sac & Fox, KS
150
+* +
100 e
30 1 50 + 2 . .T * R
0 0 M
50
IS ¥ 1 -50 T
-100 l ! H .
-100
-150 150
n Zld| =ldi? Ave. Conc. ug/m3 n Zld| =ldi? Ave. Conc. ug/m3
430 4733.895 123705.987[ 0.005 433 10007.515 502641.134[ 0.001
n-1 =d =d* CV (%) (Eqn 11) n-1 =d zd* CV (%) (Eqn 11)
429 2329357 123705.987| 119 432 1811645 502641134 2504
Relative PercentDifference Values > MDL Relative Percent Difference Values > MDL
Titanium Titanium
IMPROVE Site : Saint Marks, FL IMPROVE Site : TrapperCreek, AK
150 150 N
L 3
100 100 +
50 + >* ﬂ 50 AT T hd -
0 0
3
-50 3 -50 % % L
-100 -100 4 pe
150 150 % :




Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Silicon

n Zld| ¥di? Ave. Conc. ug/m3 n Tdl TdP Ave. Conc. ug/m3
. 8742724 388528.073 . 393 6776.026 310887 855[ 0.040
n-1 zd zd? CV (%) (Eqn 11) n 5d s CV (%) (Eqn 11)
450 1856 199 388528 073 215 399 56,334 310887 855 20.88
g Relative PercentDifference Values >MDL Relative PercentDifference Values > MDL h
Silicon silicon
50 IMPROVE Site : Mesa Verde,CO IMPROVE Site : Olympic, WA
150
+ ¥
100 100 +*
50 + * 50 -2 T 1 + + fT hd hd f
0 0
50 3 3 L4 + 50 #% ¢ + ve L %
-100 -100 *
-150 Ad 150 +
n Zld| Zld? Ave. Conc. ug/m3 n Zld| pai [ Ave. Conc. ug/m3
411 5230539 167238 816 0.061 R 0158
- =d s? OV (%) (Ean 1) n-1 zd zd CV (%) (Eqn 11)
410 1704.249 167238.816 14.64 50 (T2 GREh | LR
= - ~
( Relative Percent Difference Values > MDL h Relative PercentDifference Values > MDL
Silicon Silicon
50 IMPROVE Site : ProctorRC, VT 150 IMPROVE Site : Sac & Fox, KS
100 100
50 . 50 t . +
0 0 W
-50 * S50 T y M *
-100 + -100
150 -150
n Zld| 7/d? Ave. Conc. ug/m3 n =ld| TIdP Ave. Conc. ug/m3
418 4653170 151437.430[ 0.190 450  B586.906 421122.041[ 0.045
n-1 =d zd? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
417 2077.600 161437 430 13.62 449 1919812 421122.041 22.41
( Relative PercentDifference Values > MDL h Relative PercentDifference Values >MDL
Silicon Silicon
50 IMPROVE Site : Saint Marks, FL 50 IMPROVE Site : TrapperCreek, AK
T L
100 ¢
50 3} I ] 50
0
50 % 50
-100 +
-150 -150




Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Nitrate

n Zld| =ld?  |Ave. Conc. ug/m3 n Zld| T/df? Ave. Conc. ug/im3
368 1092136 5269.318[ 2128 395 1774.657  17051.998[ 0545
n-1 zd =d? CV (%) (Eqn 11) n-1 zd zd? CV (%) (Eqn 11)
367 464.571  5269.318 2.65 394 518,645  17051.998 478
~ = = ~
Relative PercentDifference Values > MDL Relative PercentDifference Values >MDL
Nitrate Nitrate
. IMPROVE Site : Blue Mounds, MN IMPROVE Site :Frostburg, MD
50
30
30
10 F' i !I ! Ii ! 10 . t 1 |
-0 + -10
30 -30
50 -50
n Zld| Zld?  |Ave. Conc. ugim3 n Zld| =ld?  |Ave. Conc. ugim3
339 2448 161 45566 427 0.119 353 2638.300  57002.148[ 0.147
n-1 =d =d? CV (%) (Eqn 11) n-1 =d =d* CV (%) (Egn 11)
338 796.057  45566.427) 846 352 964 856 57002148 q.24
Relative PercentDifference Values > MDL Relative PercentDifference Values > MDL
Nitrate Nitrate
o IMPROVE Site :Gates of Mtns, MT IMPROVE Site :Lasson NP, CA
50
b + +
30
" R t] 1
10
10
A0 4
2 ‘ 10
-30 * » +
-50 -
w0 11
n Zld| Zid®  |Ave. Conc. ug/m3 n Zid =ld’  |Ave. Conc. ug/m3
397 1678.650 23096.721 I 0.945| 379 3945.835 111700.831[ 0.820
n-1 =d =d? CV (%) (Eqn 11) n-1 =d zd?* CV (%) (Eqn 11)
3t HEEE  EIITE 55 378 2105.093 111700.531 12.07]
(" Relative PercentDifference Values > MDL ) Relative PercentDifference Values > MDL N
Nitrate Nitrate
IMPROVE Site :Mammoth Cave NP, KY IMPROVE Site :Phoenix, AZ
50 50
>
o 1 . 30 +
10 T 10
A0 7% { + +¥ -10
-30 -30 + +
>
A0 -50
v




Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Sulfate

n Zld| Tldf? Ave. Conc. ug/m3 n Zld| Fldi? Ave. Conc. ug/m3
382 684.898 2301.611[ 1.575 368 861.615 3410.247[ 1.626
n1 =d d? CV (%) (Eqn 11) n1 =d =d® CV (%) (Eqn 11)

381 184 239 2301 611 179 367 538 357 3410.247 199
Relative Percent Difference Values > MDL N Relative PercentDifference Values > MDL
Sulfate Sulfate

IMPROVE Site :Big Bend, TX IMPROVE Site :Blue Mounds, MN
50 50
30 30
10 10 £
10 g iy Py v ‘“” i e BIR o cocmosamsmma .. ~ lmﬂﬁlhiﬁ
-30 -30
-50 50
n Zid| =idP? Ave. Cone. ug/m3 n =il S o, (e, e
395 748.134 3800.812 3.254 358 1250.141 16895.302] 0.357
n-1 zd zd CV (%) (Eqn 11) o o rd? o ) (Ean 1)
B =il ESHAST 2 357 109.041 16895.302 5.1
[ Relative PercentDifference Values > MDL ) Relative PercentDifference Values > MDL
Sulfate Sulfate
o IMPROVE Site :Frostburg, MD IMPROVE Site :Gates of the Mtns, MT
50
30 30 +
10 : i : i . I‘ i I 10 - Y "
-10 ry -10 +
30 [ ! - i 1 1 1
+
50 50
n Zld| zld’ Ave. Conc. ug/m3 n Zld| =ld Ave. Conc. ug/m3
391 1149.200 11037.660[ 0.412 397 770.275 2461.073[ 3.593
n-1 =d zd? CV (%) (Eqn 11) n-1 ¥d Td? CV (%) (Eqn 11)
390 218.622 11037.860 3.92 396 244 693 2461.073 1.79
Relative PercentDifference Values > MDL Relative PercentDifference Values > MDL
Sulfate Sulfate
IMPROVE Site : Lasson Volcanic NP,CA IMPROVE Site :Mammoth Cave, KY
50 50
30 T 30
10 t L J 10 +
-0 T !.- ’, 10 b Whgaiiny e e L
-30 + -30
50 -50




Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Organic

Carbon
n Zd| ZldF  |Ave. Conc. ugim3 n =d| Zid¥  |Ave. Conc. ugim3
364 7118.207  261530.895[ 0.808 384 4148790  84476.841[ 1.477]
n-1 Zd = CV (%) (Eqn 11) n-1 zd =d? CV (%) (Eqn 11)
363 5054 984 261530895 17.05 383 2552862 GB4476.841 9.85
= = ™
( Relative PercentDifference Values >MDL | Relative Percent Difference Values > MDL
Organic Carbon Organic Carbon
IMPROVE Site :Everglades NP, FL -0 IMPROVE Site :Hercules-Glade, MO
70 [
50 A T - | Y T‘ 50 Py L S l
30 4 | 30 -
10 10
A0 -10
30 I+ - s -30 . ~—3
50 + S 50
70 s -70
n Zd| Zld¥  |Ave. Conc. ug/m3 n =ld| =ld?  |Ave. Conc. ugim3
302 6315203 270274.211[ 0.961 387 7403121 281908 994 0.683
n1 zd zd? CV (%) (Eqn 11) n =d =d? CV {%) (Eqn 11)
301 1193.001 270274.211 2218 386 1403.953 261908.994 19.86
e - - ™
Relative PercentDifference Values > MDL Relative PercentDifference Values > MDL
Organic Carbon Organic Carbon
IMPROVE Site :Hoover, CA IMPROVE Site :Medicine Lake, MT
70
i } | *t b L, le
50 o
2 thoh 401 30 50 3 3 ) A
10
-20 -0
-30 N
- T [
70 = 1 [ l & l
n Zld| =ld?  |Ave. Conc. ug/im3 n Zld| Zld  |Ave. Conc. ug/m3
384 3583735 63355.020 2108 376 7172218 244974 849] 0.584
n-1 =d =d? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
383 -TB6.004  B3355.020 943 375 3540918 244974 849 17.63]
- - ™y
e : : p =
Relative PercentDifference Values > MDL el Percgp;e?r::“f:ecr:zr:gg:alues s
Organic Carbon -
. . IMPROVE Site : Sawtoth NF, ID
IMPROVE Site :Phoenix, AZ 0 ;
70 | T hd t e as | + t
50
50 30 + l? b 2%
30 14
10
10
40 ;g R S
o ’ 1 ] 50 4—— ‘ LRI ﬁ
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Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Organic
Carbon (Continued)

n Zld| Zld*  |Ave. Conc. ugim3
375 6568.904 239225936 0.888
n-1 =d *d* CV (%) (Eqn 11)
374 3009.254 239225936 17.8
( Relative Percent Difference Values > MDL )
Organic Carbon
" IMPROVE Site :Seney, Ml
L 4 1
50 ool *
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Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Elemental

Carbon
n Zd| Zld”  |Ave. Conc. ug/im3 n T/d| Zd?  |Ave. Conc. ugim3
251 3921.665 111548.705[ 0.231 378 4604.088 106060.832[ 0.286
n-1 zd =d? CV (%) (Eqn 11) n-1 =d zd? CV (%) (Eqn 11)
250 652.130 111548.705 15.74 37T 1132.320 106060832 12.25
g Relative PercentDifference Values > MDL h ( Relative PercentDifference Values > MDL N
Elemental Carbon Elemental Carbon
IMPROVE Site :Everglades NP, FL IMPROVE Site : Hercules-Glade,MO
70 . .
50 * 1
30 L2 T 7¢ ?. I 30 + - i I —
0 ] dod BRIl o el o
-10 20 1 OIS [Seb VTP TR e o ]
-30 s ¢
<L + P
70 ** 70
n Zld| ZldF  |Ave. Conc. ugim3 n Zid| Td?  |Ave. Conc. ug/m3
136 2020681 49180.217[ 0.256 250 4012.253 125506.173[ 0.144
n1 =d zd? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
135 -38.476  49180.217| 1466 249 231437 125506.173 16.84]
6 Relative PercentDifference Values > MDL 0 Relative Percent Difference Values > MDL R
Elemental Carbon Elemental Carbon
IMPROVE Site : Hoover, CA IMPROVE Site :Medicine Lake, MT
70
50 s 2
30 ErA P 4 ?
10
-20 A0
-30 + +
4
70 50 -
70
S
n Zld| Zld”  |Ave. Conc. ug/im3 n Zld| Zld*  |Ave. Conc. ugim3
381 3981920 74114.416[ 0.873 326 4905.887 137743.028[ 0.199
n-1 =d =d? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
380  -698.939 74114416 10.27) 325  -461.309 137743.028 15.3
I : ; R i i
Relative PercentDifference Values > MDL ( Relative Percent Difference Values > MDL h
Elemental Carbon Elemental Carbon
IMPROVE Site :Phoenix, AZ 0 IMPROVE Site :Sawtooth, ID FL
L 3
50 1
30 * . 4 — s 1 30 [P . all s + 2t e
Beallthes HASILAN, fhe st oII N Tt o o 10
-20 PRI s I i'® Snd 2 R5Y : 27 W N ke 10
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Collocated IMPROVE Precision Estimates for Data Greater than the MDL- Parameter Elemental
Carbon (continued)

n Zld| Zld  |Ave. Conc. ug/m3
228 2856.654 69974122 0.235

n-1 =d *d* CV (%) (Eqn 11)
227 267.248  69974.122 13.19

Relative PercentDifference Values > MDL
Elemental Carbon
IMPROVE Site :Seney, Ml
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Appendix C

Relative Percent Difference and upper 90" Percentile Coefficient of Variation Estimates of
Collocated Visibility Index (in Deciviews) from Sites with Two CSN Samplers






n =id| Fld? Ave. VI n =id| =di? Ave. VI
127 257.416 3345.794[ 22.7] 177 470.691 4064 836 23.3
n-1 Fd zd? CV (%) (Eqn 11) n-1 zd =d? CV (%) (Eqn 11)
126.0 -16.094 3345.794 3.97 176 92,941 4064.836 3.63
Relative Percent Difference of VI Relative Pecent Difference of VI Collocated
Collocated CSN/CSN Sites CSN/CSN sites
CSN Site: Bakersfield, CA CSN Site: Rubidoux, CA
60.000 60.000
40.000 40.000
20,000 |4 * *
20.000
o e * E 0.000 W
£ o000 W 20000 |—
-20.000 -40.000
-40.000 -60.000
* 5 10 15 20 25 30 35 40
-60.000
5 10 15 20 25 30 35 20 45 Visibilty Index (Deciview)
Visibilty Index (Deciview)
pail-} Tl5|2 Ave. VI
n =idl ZldP Ave. VI n k
162 §55.890 9206 492 18.3 \ el 5;;_?75 ij“'m — 1:'15
n-1 zd zd? CV (%) (Eqn 11) n- an
. B S e 140 -13.297 8266.712 589
Relative Percent Difference of VI Relative Percent Difference of VI
Collocated CSN/CSN Sites Collocated CSN/CSN Sites
CSN Site: Boston, MA CSN Site: New Bruswick, NJ
60.000 £0.000
40.000 40.000
20,000 * 20000 *
2 *.t a * ¥ at
& 0.000 . & 0.000 Y *
-20.000 S * k3 -20.000 e T @ 2
-40.000 * -40.000
. B
60,000 -60.000
5 10 15 20 25 30 35 5 10 15 20 25 30 35
Visibilty Index (Deciview) Visibility Index (Deciview)
n Td| Tdf? |Ave. VI n =ld| =ldp? Ave. VI
B aglel S 2 123 808410  13972.896[ 19.1
n-1 =d =d’  [CV (%) (Eqn 11) n =d Fd? CV (%) (Eqn 11)
132 17565 3723718 4.03 1220 293671  18972.896 9.44
Relative Percent Difference of VI Collocated . .
CSN/CSN it Relative Percent Difference of VI
ites .
; Collocated CSN/CSN Sites
CSN Site: Cleveland, OH i
CSN Site: Houston, TX
60.000
40.000 . 60.000 *
20,000 + 40000 3
a * % o
& 0000 . . 20000 $ v -
-20.000 * g 0000 W
R + *r® o
-40.000 20.000 & ~
-60.000 -40.000
10 15 20 25 30 35 40 -80.000
10 15 20 5 30

Visibility Index (Deciview)

Visibilty Index (Deciview)




Site: Bakerfield, CA

Measurement Uncertainty Evaluations at 10™ Percentile Concentrations

0-10 percentile

Site: Rubidoux, CA

0-10 percentile

n s | T|d]? Ave. VI n =|d| z|dP? Ave. VI
" 12 37.602 291.533[ 13.4 i 18 134.990 2079.735[ 10.8
n-1 =d =d? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
i 11 6.731 291533 5.08 i 17.0 15.545 2079.735 10.11
10-20 percentile 10-20 percentile
n paifs | T/d? Ave. VI n =d| =ld)? Ave. VI
i 12 25207 126.403[ 16.9 i 18 44 329 207.969[ 16.8
n-1 =d =d? CV (%) (Eqn 11) n-1 zd zd? CV (%) (Eqn 11)
i 11 4475 25207 1.45 i 17.0 -5_856 207.969 3.2
20-30 percentile 20-30 percentile
n Zld| z/d? Ave. VI n Zld| zld)? Ave. VI
" 12 72758 2511.988[ 15.6 i 18 72.032 686.245[ 19.8
n-1 =d =d? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Egn 11)
i 11 -50.094 2511.988 14.37 i 17.0 -17 496 686.245 5.76
30-40 percentile 30-40 percentile
n s | T|d]? Ave. VI n =|d| z|dP? Ave. VI
" 12 23.596 71.676[ 17.6 i 18 49.055 326.923[ 216
n-1 =d Fd? CV (%) (Eqn 11) n-1 >d wd? CV (%) (Eqn 11)
11 -0.682 71.676 253 17.0 -23.639 326.923 3.83
40-50 percentile 40-50 percentile
n paifs | T/d? Ave. VI n =d| balls | Ave. VI
12 34.229 221.569 19.3 18 38.064 193.853 233
n-1 =d wd? CV (%) (Eqn 11) n-1 zd zd? CV (%) (Eqn 11)
11 11.490 221569 4.34 17.0 -5.110 193 853 3.09
50-60 percentile 50-60 percentile
n =/d| =/d* Ave. VI n Zld| zld)? Ave. VI
12 15.199 38.567 214 18 34.833 156.099 247
n-1 =d =d? CV (%) (Eqn 11) n-1 =d zd® CV (%) (Eqn 11)
11 -10.544 38.567 1.62 17.0 -17.856 156.099 2.62
60-70 percentile 60-710 percentile
n pa[s | wld)? Ave. VI n pails =ldf* Ave. V|
12 14.066 38.027 24.2 18 49.293 302.029 26.0
n-1 =d Fd? CV (%) (Eqn 11) n-1 *d Td? CV (%) (Egn 11)
11 2716 38.027 1.83 17.0 -33.543 302.029 3.45
70-80 percentile 70-80 percentile
n s | T/d? Ave. VI n =d| wld]? Ave. VI
12 10.996 14 860 274 18 23.156 85.057] 28.1
n-1 =d wd? CV (%) (Eqn 11) n-1 zd zd? CV (%) (Eqn 11)
11 3.679 14.860 111 17.0 -9.789 B5.057] 1.99
80-90 percentile 80-90 percentile
n =/d| =/d* Ave. VI n Zld| zld)? Ave. VI
12 13.582 22131 30.9 18 14.068 17.159 30.1
n-1 =d =d? CV (%) (Eqn 11) n-1 =d zd® CV (%) (Eqn 11)
11 5.893 22131 118 17.0 4,718 17.159 0.89
90-100 percentile 90-100 percentile
n pa[s | wld)? Ave. VI n pails =ldf* Ave. V|
19 10.182 9.040 35.9 15 10.372 9.766 33.8
n-1 =d =d? CV (%) (Eqn 11) n-1 *d wd? CV (%) (Egn 11)
18 7.293 9.040 0.54 14.0 5.221 9.766 0.68




Site: Boston, MA

0-10 percentile

Site: New Brunswick, NJ 0-10 percentile

n palls| wld)? Ave. VI n =d| =ld? Ave. VI
r 16 114.494 1160.355[ 10.7 i 14 107.701 1591 519 10.5
n-1 =d zd? CV (%) (Eqn 11) n-1 =d =d* CV (%) (Eqn 11)
r 15 -3.907 1160_355 522 i 13 15.235 1591 519 10.568
10-20 percentile 10-20 percentile
n =d| Tld* Ave. VI n =/d| Tdf Ave. VI
il 16 100.095 1850 813 13 9 i 14 56.065 661.716[ 14.4
n-1 =d =d? CV (%) (Egn 11) n-1 =d =d? CV (%) (Eqn 11)
i 15 4.288 1850813 10.4 r 13 18.150 661.716 6.73
20-30 percentile 20-30 percentile
n pails| =ld? Ave. VI n =/d| =|df Ave. VI
i 16 68.964 957 619 15.0 " 14 55857 444 345[ 16.4
n-1 =d =d? CV (%) (Eqn 11) n-1 >d =d’ CV (%) (Eqn 11)
i 15 -3.652 957 619 747 r 13 19.427 444 845 5.45
30-40 percentile 3040 percentile
n palls| Tld? Ave. VI n =/d| =P Ave. VI
il 16 42 636 244 134 16.5 " 14 43332 290225 18.0
n-1 =d =d* CV (%) (Eqn 11) n-1 >d =d’ CV (%) (Egn 11
15 32.818 244 184 322 13 22 587 290 225 425
40-50 percentile 40-50 percentile
n =d| palli [ Ave. VI n =d| wldP? Ave. VI
16 38.550 147173 17.6 14 133.829 3866.320 18.5
n-1 = =d* CV (%) (Eqn 11) n-1 =d =d* CV (%) (Eqn 11)
15 6.418 147 173 2.91 13 -95.081 3866320 1612
50-60 percentile 50-60 percentile
n palls| =ldf* Ave. VI n ¥d| wldP? Ave. VI
16 66.547 572 606 18.7 14 73.883 694 295 20.0
n-1 =d =d? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
15 34 563 572 606 54 13 5.249 694_295 7.01
60-T0 percentile 60-70 percentile
n =d| Tld* Ave. VI n =/d| Tdf Ave. VI
16 97 394 2921.978 19.4 14 35.757 172.097 21.0
n-1 =d =d? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
15 -61.965 2921.978 12 .53 13 -9.578 172.097 343
70-80 percentile 70-80 percentile
n =d| =ldi? Ave. VI | n palli| =ld? Ave. VI
16 53818 733.935 213 14 30.988 112643 225
n-1 =d zd? CV (%) (Eqn 11) n-1 =d =d* CV (%) (Eqn 11)
15 17_989 733.935 6.46 13 -0.609 112 643 283
80-90 percentile 80-90 percentile
n palls | palls | Ave. VI n =/d| =P Ave. VI
16 29756 105.908 23 4 14 30.320 196.018 252
n-1 =d =d? CV (%) (Egn 11) n-1 =d =d? CV (%) (Eqn 11)
15 7654 105908 245 13 22 162 196013 3.38
90-100 percentile 90-100 percentile
n ¥d| =ld|? Ave. VI n =d| wld? Ave. VI
18 43636 511.922 26.3 15 40.043 237.035 277
n-1 =d =d? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
17 -29.262 511.922 438 14 -10.840 237.035 3.84




Site: Cleveland, OH

0-10 percentile

Site: Houston, TX

0-10 percentile

n ¥|d| Fd? Ave. VI n T/d| Td? Ave. VI
i 13 65250 462 268[ 131 " 12 215457 99587.394] 14.5
o =d xd? CV (%) (Eqn 11) _oni =d wd? CV (%) (Eqn 11)
12 30.524 462 268 557 11 194 245 9937_394 24 77
10-20 percentile 10-20 percentile
n ¥|d| Fd? Ave. VI n Td| TdP? Ave. VI
i 13 56757 378584 15.7 " 12 70.362 1085.513[ 15.8
n-1 =d =d? CV (%) (Eqn 11) n-1 ¥d =d? CV (%) (Eqn 11)
i 12 26.100 378.584 5.09 i 11 26.316 1085 513 96
20-30 percentile 20-30 percentile
n ¥/d| ¥)df? Ave. VI n Td| Td? Ave. VI
i 13 46.579 260241 181 " 12 61.886 1074407 16.8
n-1 =d wd? CV (%) (Egn 11) n-1 =d Td® CV (%) (Eqn 11)
i 12 -20.541 260.241 4.25 i 11 54 568 1074.407 8.61
30-40 percentile 30-40 percentile
n =id| zd?  [ave. vi n =id| zd?  [ave. vi |
13 38.223 213123 20.5 " 12 57320 562 612 18.3
n-1 =d wd? CV (%) (Egn 11) n-1 =d Td® CV {%) (Eqn 11)
12 3.332 213.123 41 11 5.018 562 612 7.08
40-50 percentile 40-50 percentile
n w/d| w/d? Ave. VI n wd| wd)? Ave. VI
13 101.594 1834 638 227 12 5 314 773.128 10 4
n-1 =d =d? CV (%) (Eqn 11) n-1 zd Td® CV {%) (Eqn 11)
12 74,542 1834 688 10.57 11 17.375 773.128 8.19
50-60 percentile 50-60 percentile
n d| Td?  |Ave. VI > zécgm z|;|j|f3 o Ave. VI B 2|
13 36.936 184.393 233 . ! _
n-1 =d =d? CV (%) (Eqn 11) n-1 zd Td® CV {%) (Eqn 11)
12 0.713 184.393 3.82 11 14062 173.540 375
60-70 percentile 60-70 percentile
n ¥/d| ¥)df? Ave. VI n T/d| Td)? Ave. VI
13 21.784 47 506 248 12 50.934 419.507 20.9
n-1 =d =d? CV (%) (Eqn 11) n-1 =d Td? CV {%) (Eqn 11)
12 14357 47 506 1.58 11 23,501 419.507 579
10-80 percentile 70-80 percentile
n ¥/d| Tld]? Ave. VI n z/d| T/df Ave. VI
13 29 414 196.294 261 12 B5.225 1103.507 214
n-1 zd zd? CV (%) (Eqn 11) n-1 =d =d? CV (%) (Eqn 11)
12 7.977 126294 31 11 -50.092 1103.507 8.95
80-90 percentile 80-30 percentile
n ¥|d| =/d? Ave. VI n T/d| Td]? Ave. VI
13 32.444 143.144 27 9 12 84558 1393.957 23.0
n-1 =d xd? CV (%) (Eqn 11) n-1 =d wd? CV (%) (Eqn 11)
12 4 180 143144 3.35 11 A0 672 1393 957 10.61
90-100 percentile 90-100 percentile
n T/d| ¥|dj? Ave. VI n T/d| Td? Ave. VI
16 22.914 73.476 316 6 10.083 23547 256
n-1 =d xd? CV (%) (Eqn 11) n-1 ¥d =d? CV (%) (Eqn 11)
15 0.715 73.476 2 07 3 10.083 23 547 143




Appendix D

Relative Percent Difference and Upper 90" Percentile Coefficient of Variation Estimates of
Visibility Index (in Deciviews) from Sites Collocated with an IMPROVE Sampler and a CSN
Sampler

and

Bias Assessment of CSN/IMPROVE Sites Using Current PM2.5 Bias Statistic

CSN visibility index values used in the following assessments include data after conversion to URG samplers.
With fewer data points, collocated pairs with large imprecision or bias estimates have more effect on the
Phoenix and Fresno statistics especially when segregating data at the 10 percentile VI ranges.






n | =idi? Ave. VI n Zld| Zld? Ave. VI
288 906.960 7713.394[ 22.0 30 144 382 1777.285[ 16.5
n-1 =d =d* CV (%) (Eqn 11) n-1 Zd zd® CV (%) (Eqn 11
287 574.638 7713.394 3.58 29 61.701 1777.285 6.46
Relative Percent Difference of VI . .
Collocated CSN/IMPROVE Sit Relative Percent Difference of VI
ollocate ites .
oo . Collocated CSN/IMPROVE Sites
£0.000 Site: Birmingham, AL . R
: Site: Phoenix, AZ
40.000 . 60,000
20.000 e 40.000
E 0.000 L. + o 20000 * &
-20.000 * & 0.000 —’_‘_._M ™ - X
-20.000
-40.000 * -40.000
60,000 -60.000
5 10 15 20 5 30 a5 40 E 10 13 20 23 30
Visibilty Index (Deciview) Visibilty Index (Deciview)
n Zld| Zld? Ave. VI n id| =ld? Ave. VI
80 343.330 6332.611[ 17.3 263 1163.491 8991.748 208
n1 =d zd? CV (%) (Eqn 11) n1 =d Td? CV (%) (Eqn 11)
79 15.835 £332.611 7.07 262.0 983.096 8991.748 3.38
Relative Pecent Difference of VI Relative Percent Difference of VI
Collocated CSN/IMPROVE sites Collocated CSN/IMPROVE Sites
Site: Fresno, CA Site: New York, NY
40.000 60.000
20000 & 40000
g 0000 — %ISR NENe o 0400 o 20,000 o .
¥ -20000 € oo —.W—Q—
* * = *
-40.000 -20.000
-60.000 * -40.000 ¢
5 10 15 20 25 30 35 -60.000
Visibility Index {Deciview) 5 10 15 20 25 30 35
Visibility Index (Deciview)
n Zld| Fldf* Ave. VI
254 1323.358 17518.195[ 16.0
n-1 =d =d? CV (%) (Egn 11)
253 864.709 17518.195 57
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Relative Pecent Difference of VI
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Site: Birmingham, AL

Measurement Uncertainty Evaluations at 10" Percentile VI values

0-10 percentile

n Z/d| zld? Ave. VI
29 171.108 1673.931] 13.86
n-1 »d =d? CV (%) (Eqn 11)
28 109.533 1673.931 577
10-20 percentile
n Zld| =ld? Ave. VI
29 100.080 531.044] 16.89
n-1 Zd =d? CV (%) (Egn 11)
28 59 454 531.044 3.29
20-30 percentile
n Zld| =ld? Ave. VI
29 70473 307.178 15 61
n-1 Zd =d? CV (%) (Egn 11)
28 60.615 307.178 2.18
3040 percentile
n Z/d| zld? Ave. VI
29 91.348 630.127 19.97
n-1 Zd =d? CV (%) (Egn 11)
28 54180 630.127 3.74
40-50 percentile
n T/d| T/d? Ave. VI
29 78.202 386.601 2149
n-1 Zd =d? CV (%) (Egn 11)
28 39.272 386.601 2.97
50-60 percentile
n Zld| =ldi? Ave. VI
29 65.409 218.819 22 .34
n-1 Zd =d? CV (%) (Egn 11)
28 52 935 213.819 1.8
60-70 percentile
n Zld| =ldi? Ave. VI
29 127176 2285 742 24.02
n-1 =d =d? CV (%) {Egn 11)
28 44 055 2285 742 765
70-80 percentile
n Td| TldP? Ave. VI
29 55 578 134.778 25.34
n-1 =d =d? CV (%) {Egn 11)
28 44 403 134 778 1.33
80-90 percentile
n =ld| =dP Ave. VI
29 69.742 453147 26.99
n-1 =d =d? CV (%) {Egn 11)
25 56.553 453.147] 3
90-100 percentile
n =ld| =dP Ave. VI
2 81.123 1102.779 30.08
n-1 =d =d? CV (%) {Egn 11)
27 50.060 1102.779 5.29

Site: Phoenix, A7

0-10 percentile

n Fd| Td?  |Ave. VI
i 3 44 408 856.262[ 5.28
n-1 =d =d? CV (%) (Eqn 11)
i 2 13.153 856.262 43 53
10-20 percentile
n Fd| Td?  |Ave. VI
i 3 40.265 585.945[ 1142
n-1 =d =d? CV (%) (Eqn 11)
i 2 32 857 685.945 27.32
20-30 percentile
n paili md?  |Ave. VI
3 12 664 80.202 12,50
n-1 =d =d? CV (%) (Eqn 11)
2 -0.121 80.202 13.79
30-40 percentile
n paili md?  |Ave. VI
3 9.445 42.044 14,67
n-1 =d =d? CV (%) {Egn 11)
2 2514 42044 973
40-50 percentile
n Td| TldP? Ave. VI
3 7.205 28.044 16.30
n-1 =d =d? CV (%) {Egn 11)
2 2.044 28.044 7.95
50-60 percentile
n Td| T|dP? Ave. VI
3 7673 21.445 17.02
n-1 =d =d? CV (%) {Egn 11)
2 0.444 21445 7.12
60-70 percentile
n Td| T|dP? Ave. VI
3 4.280 9.531 18.07
n-1 =d =d? CV (%) (Eqn 11)
2 0.861 9.531 469
70-80 percentile
n =/d| Td?  |Ave. VI
3 7.590 21.939 21.00
n-1 =d =d? CV (%) (Eqn 11)
2 -2 364 21.939 6.9
80-90 percentile
n =/d| Tid?®  |Ave. VI
3 5.878 21.353 22.08
n-1 =d =d? CV (%) (Eqn 11)
2 5878 21.353 4.83
90-100 percentile
n =/d| Tid?®  |Ave. VI
3 4.973 10.520 23.33
n-1 =d =d? CV (%) (Eqn 11)
2 4.109 10.520 341




Site: Fresno, CA

0-10 percentile

Site; New York, NY

0-10 percentile

n =d| =ld? Ave. VI
i £9.704 998 551 933
n-1 =d =d? CV (%) (Eqn 11)
i 46.046 998 551 11.38
10-20 percentile
n TId| Tld|? Ave. VI
i 25435 102.988[ 11.00
n-1 =d Td? CV (%) (Eqn 11)
i £.239 102 983 4.19
20-30 percentile
n Td| Tld? Ave. VI
17 422 57.314 12.75
n-1 =d zd? CV (%) (Eqn 11)
-2.027 57.314 317
3040 percentile
n wd| =ldf? Ave. VI
15.339 63.795 14.06
n-1 =d =d? CV (%) (Eqn 11)
-1.417 63795 3.35
40-50 percentile
n Td| Fld? Ave. VI
74 876 1897 068 15.01
n-1 =d zd? CV (%) (Eqn 11)
-54 528 1897 068 16.41
5060 percentile
n =d| =ld? Ave. VI
11.427 44 858 17 .26
n-1 =d =d? CV (%) (Eqn 11)
9.115 44 858 247
60-70 percentile
n TId| Tld|? Ave. VI
15.382 33506 18.14
n-1 =d Td? CV (%) (Eqn 11)
13.096 33506 1.46
70-80 percentile
n Td| Tld? Ave. VI
30556 132.357 20 69
n-1 =d zd? CV (%) (Eqn 11)
30 556 132 357 1.66
80-90 percentile
n =d| =ldf? Ave. VI
28119 134,380 24.72
n-1 =d =d? CV (%) (Eqn 11)
11.297 134 380 457
90-100 percentile
n Td| F|d? Ave. VI
65.069 2867.794 29 88
n-1 =d Td? CV (%) (Eqn 11)
-41.541 2867 794 2163

n Zld| =d?  |Ave. VI
26 199 122 2299 282 1232
n-1 =d zd® CV (%) (Egn 11)
25 169 584 2299 252 6.02
10-20 percentile
n =/d| wld? Ave. VI
26 126.520 962 801 15.42
n-1 =d zd® CV (%) (Egn 11)
25 119 963 962 801 362
20-30 percentile
n =/d| wld? Ave. VI
26 119.601 790.372 17.29
n-1 =d =d* CV (%) (Eqn 11)
25 104.814 790.372 3.34
3040 percentile
n Tld| Td? Ave. VI
26 138.169 1146.826 18.85
n-1 =d =d* CV (%) (Eqn 11)
25 138.169 1146 826 3.64
40-50 percentile
n Tld| Td? Ave. VI
26 124 252 762 982 19.97
n-1 =d zd® CV (%) (Eqn 11)
25 122 124 762 952 24
50-60 percentile
n =d| Tldi? Ave. VI
26 91.074 457 327 21.07
n-1 =d zd® CV (%) (Eqn 11)
25 91.074 457 327 2.05
60-70 percentile
n Zld| =d?  |Ave. VI
26 78.633 380.971 2217
n-1 =d zd® CV (%) (Egn 11)
25 53 490 380.971 275
70-80 percentile
n =/d| wld? Ave. VI
26 113.187 1437 297 2386
n-1 =d zd® CV (%) (Egn 11)
i 25 46.927 1437 297 6.41
80-90 percentile
n =/d| wld? Ave. VI
" 26 79.867 340.874[ 2598
n-1 =d =d* CV (%) (Eqn 11)
i 25 61.024 340.874 245
90-100 percentile
n Tld| Td? Ave. VI
r 29 93.066 413.017[ 29.37
n-1 =d =d* CV (%) (Eqn 11)
i 28 70.926 413.017 251




Site: Seattle, WA

0-10 percentile

n =d| =ldf? Ave. VI
r 25 264701 5616.162[ 8.77
n-1 =d =d? CV (%) (Egn 11)
i 24 97 634 5616.162 12.93
10-20 percentile
n ¥d| w/d? Ave. VI
r 25 207.199 3724 910( 11.02
n-1 =d zd? CV (%) (Egn 11)
i 24 173.725 3724 910 8.97
20-30 percentile
n =d| T/df? Ave. VI
25 169.440 2261538 12 53
n-1 =d zd? CV (%) (Egn 11)
24 115459 2261538 7.43
3040 percentile
n =d| Tldf? Ave. VI
25 127.032 936.122 13.90
n-1 >d zd? CV (%) (Egn 11)
24 77.482 936.122 471
40-50 percentile
n =d| =ldf? Ave. VI
25 66.882 328.266 15.09
n-1 =d =d? CV (%) (Eqn 11)
24 52 074 328.266 2 65
50-60 percentile
n ¥d| w/d? Ave. VI
25 144092 2543 815 1665
n-1 =d zd? CV (%) (Egn 11)
24 116519 2543 815 7.99
60-70 percentile
n =d| T/df? Ave. VI
25 83.408 467 464 17.73
n-1 =d zd? CV (%) (Eqn 11)
24 43 286 467 464 3.54
70-80 percentile
n =d| Tldf? Ave. VI
25 84164 719.634 18.93
n-1 =d =d? CV (%) (Egn 11)
24 76.616 719.634 3.93
80-90 percentile
n =d| =ldf? Ave. VI
25 89 635 488.573 20.37
n-1 =d zd? CV (%) (Egn 11)
24 70.873 488.573 3.03
90-100 percentile
n =d| =/d? Ave. VI
29 86.805 431.712 23.39
n-1 =d zd? CV (%) (Egn 11)
23 41.042 431.712 3.14




Bias Assessment of CSN/IMPROVE Sites Using Current PM2.5 Bias Statistic

Bias Estimate = D (green highlight)

Bias (%) Bias (%)
n D Bias UCL (%) (Eqn #13) n D Bias UCL (%) (Eqn #13)
288' 2132 254 300 2375 6.1
n-1 Sg Bias LCL (%) (Eqn. #14) n-1 Sg Bias LCL (%) (Eqn. #14)
287 4219 1.72 23 11.999 -1.35
Percent Difference Percent Difference
CSN/IMPROVE VI Bias CSN/IMPROVE VI Bias
Birmingham, AL Phoenix, AZ
40.000 ry 30.000 -
y 50000 ry .
§ 20000 L Y * E 20.000 ¥
g 10000 ry 3 £ 10000
S 0000 . a * oo . 2 .
£ -10.000 > + £ 0000
8 20000 g % ¢
K g -10.000
-30.000 rS .
-40.000 -20.000
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Visibility Index (Deciview) Visibilty Index (Deciview)
Bias (%) Bias (%)
n D Bias UCL (%) (Eqn #13) n D Bias UCL (%) (Eqn #13)
80' 0.548 2.33 253' 3.914 4.83
n-1 Sq Bias LCL (%) (Egn. #14) n-1 Sg Bias LCL (%) (Eqn. #14)
79 9574 -1.23 262 8982 3
Percent Difference Percent Difference
CSN/IMPROVE VI Bias CSN/IMPROVE VI Bias
Fresno, CA New York, NY
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Bias (%)
n D Bias UCL (%) (Eqn #13)
254' 3.794 45
n-1 Sg Bias LCL (%) (Eqn. #14)
253 6.789 3.09
PercentDifference
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