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“The primary Data Quality Objective (DQO) 
for IMPROVE is to be able to measure a 5-
percent change in bext in 5 years.  The effect 
of individual components on bext depends on 
the site. … The DQO for IMPROVE will 

therefore require that a 5-percent change in five years in each of the major 
components of sulfate, organic carbon, and soil must also be achieved. 
…
The Measurement Quality Objectives (MQO's) should either reflect the DQO 
or be sufficiently stringent so that the DQO will be easily met.”
… How reliably?

Without fail?(!)



“A key conclusion of the DQO study was that the statistical power
to detect concentration trends in the chemical speciation data is 
relatively insensitive to measurement error, up to about twice the 
level seen in the IMPROVE Washington, D.C., data.  

This is because the ‘uncontrollable’ error components, which are 
primarily due to natural day-to-day variation in pollutant levels, 
dominate the random errors that limit the ability of the statistical 
analysis to detect a trend.”

ßSTN



“Table A.7.3 shows the number of years worth of data necessary to
detect a 5 percent annual trend using the IMPROVE data set in 
conjunction with the regression model assuming one in three day 
sampling.”
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EUS site geom arith
ACAD1 4.8% 6.1%
BRIG1 4.0% 3.9%
CHAS1 3.4% 3.3%
DOSO1 3.6% 3.9%
GRSM1 2.9% 2.9%
LYBR1 5.3% 5.6%
MACA1 3.0% 3.0%
MOOS1 5.0% 6.2%
OKEF1 4.2% 3.5%
ROMA1 3.7% 4.2%
SHEN1 3.5% 3.5%
UPBU1 4.4% 4.2%
WASH1 4.6% 4.5%

median 4.0% 3.9%

Alternative estimates of 
the sampling uncertainty 
in 5-year sulfur means 
from hazy days in 1999-
2003.  
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Focus on bias*, 
not imprecision**.

(If tracking progress is your objective.)

* “calibration drift”; “slow-changing”
** “random noise”; “uncorrelated”

Our QAPP specifies “precision” and “accuracy”.
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Five-year means (µg/m3) from hazy days in 1999 – 2003.

 
EUS site µ(SO4) µ(3xS)   ∆
ACAD1 4.90 4.84 -1.2%
BRIG1 8.85 8.42 -5.0%
CHAS1 5.89 5.56 -5.7%
DOSO1 9.31 9.15 -1.7%
GRSM1 9.96 9.91 -0.5%
LYBR1 5.97 5.95 -0.3%
MACA1 9.55 9.71 1.7%
MOOS1 4.16 4.22 1.4%
OKEF1 6.27 6.20 -1.1%
ROMA1 6.91 6.55 -5.4%
SHEN1 9.81 9.32 -5.1%
UPBU1 6.38 6.34 -0.6%
WASH1 9.01 8.62 -4.3%

3.3%=∆∑ 21
n

Why 

>> 1%?



1.  Errors in successive observations are not 
independent of each other, and so don’t “average 
out” over 5 years.
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Collocated weekly CASTNet sulfate measurements at Mackville, KY.

Same method, same lab, 
matched samplers; 
suggests flow calibration 
differences



2.  Collocated measurements by the same 
method cannot reveal analytical or method 
biases.2.8
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= & 3S >1 µg/m3.) 

Possible contributors to 
difference here:
- flow calibrations
- lab/analysis calibrations

But there are other, method-related,
possibilities:
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analytical interferences?
sampling artifacts?

But there are other, method-related,
possibilities:
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There are occasional (this pairing is not typical) hints 
that “it’s not all happening in the lab.”

successive 
observations



A pair of samplers is all we need to determine the 
overall precision of our measurement system, but we 
have no way to determine our overall bias or accuracy.

Where does this leave us?  

The best we can hope to do is to stabilize our bias, to 
ensure that measurements at different locations at 
different times are comparable.  

(As EPA does with the PM2.5 FRM!) 



Focus on tolerances, 
not outliers.

Track and analyze routine ancillary data (e.g. flow and 
analytical calibrations, field and lab blank values) with no 
diminimus criteria for entry:  no error or deviation is 
“negligible.”

Use large-scale statistics to detect “unremarkable”
patterns or changes over time in the ancillary data;
unlike concentrations, they are not “contaminated” by 
the natural noise of the atmosphere.



transfer much validation
from hereto here



Focus on tolerances, 
not outliers.

Accept that the normal 
distribution is a 
continuum, with tails!  
Accept that some 
outliers will defy 
“explanation.”

Utilize rich flag fields to identify and annotate 
observations taken outside established tolerances.

-- continued
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