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NTRODUCTION

This guideTine discusses screening procedures to identify
possible outliers in ambient air quality data sets. The Standing
Air Monitoring Work Group (SAMWG) has emphasized the need for
ensuring data quality as an integral part of an air monitoring
pr‘ogram.1 The purpose of this document is to present data
screening techniques to be applied to ambient air quality data
by the Regions (or States) before the data are entered into
SAROAD. Although the primary emphasis is on computerized
techniques, the summary briefly discusses which procedures are
feasible to implement manually. These screening techniques
have proven to be effective in identifying "atypical" concentra-
tions which often are found to have been miscoded or otherwise
invalid. The meaning of the word "atypical" will become more
apparent in the actual discussions of these procedures, but on
an intuitive level it describes an event with very Tow probability
and therefore, one that is unlikely to occur.

The purpose of these screening procedures is to identify
specific data values that warrant further investigation. The
fact that a particular data value is flagged by these tests does
not necessarily mean that the value is incorrect. Therefore,
such values should not be deleted from the data set until they
have been checked and found to actually be erroneous.

"~ The screening procedures discussed in this guideline are
primarily intended to examine the internal consistency of a
particular data set. For this reason, tney are not designed to
detect subtle errors that may result from incorrect calibration
or avariety of other factors that can result in incorrect values
that superficially appear consistent. That is perhaps, the
easiest place to contrast these screening procedures with an
overall quality assurance program. A quality assurance program
usually examines all phases of the monitoring effort from data
collection to the data set that is finally produced. Such an
effort is much more comprehensive than the techniques presented
here and is discussed in more detail e]sewhere.2 Thus, the
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techniques presented here may be considered as one part

of the overall quality assurance program. However, they
have been shown to be a cost-effective means of eliminating
the more obvious errors and thereby improving data quality.

In selecting screening procedures for this guideline,
emphasis has been given to those techniques that have actually
3-7 ATthough
some other approaches are briefly discussed, the intended

been used to examine air quality data sets.

purpose of this document is to present techniques that have
been used successfully rather than to merely propose possible
approaches that may some day prove useful.

This document is organized so that this introduction is
followed by a brief discussion of the background of the
problem and then a section presenting the screening procedures
followed by a conclusion and a series of appendices. In
addition to a summary of the recommendations, the conclusion
contrasts the initial step of identifying a possible out-

Tier with the final step of actually deleting the value and
also discusses the proper place for these tests in the over-
all data handling scheme. The appendices consist of articles
discussing the application of these tests to air quality data
and computer programs to perform the tests. This structure
was chosen so that the screening procedures could be presented
in various Tevels of detail. The discussion in the main body
of the document is intended to give a general overview and an
intuitive understanding of what each test is designed to do.
The appendices provide more detail and would be of interest

to those concerned with the actual implementation of these
screening procedures. Those readers interested in more detajls
on the underlying statistical theory will find the appropriate
articles included in the references.



BACKGROUND

It is a truism to sav that data quality is important.
Virtually no one will argue that data quality is not important,
but the key question is "how important?" Obviously, the degree
of data quality required depends upon the intended use of the
data. This is why air pollution data sets present some interesting
practical problems.

One use of air quality data is to assess compliance with
Tegal standards such as the National Ambient Air Quality
Standards (NAAQS).8 The form of these standards frequently re-
enforces the need for data quality. For example, the NAAQS for
total suspended particulate, sulfur dioxide, carbon monoxide,
and oxidant all specify upper limit concentrations that are not
to be exceeded more than once per year. In such cases, it is
the second highest value for the year that becomes the decision-
making vaTue. With this application in mind, the need for data
quality is obvious.

Another factor that must be considered in air monitoring
programs is the volume of data involved. Continuous instruments
can produce as many as 8760 hourly observations for the year.
Intermittent monitoring schedules for 24-hour data routinely
produce 60 or so values per year. When these numbers are accumulated
for several pollutants for an entire network, State, or for the
Nation, the total number of data values quickly becomes cumbersome.
For example, it is estimated that EPA's National Aerometric Data
Bank is currently expanding at the rate of 20 million values per
year. Therefore, maintaining a data bank for air pollution
measurements involves the hasic conflict of having to routinely
process large volumes of data and yet at the same time ensure
an almost zero defect Tevel of data quality. Because of the
nature of the standards, many users may only be interested in
the two highest values at each site for each pollutant. It should
be noted that two values from a data set of 8760 observations
constitutes 0.023 percent of the data, This means that the user's
perception of data quality may be entirely different from the



true data quality. For example, if only 0.05 percent of the

data points were too high due to errors, this would still be
sufficient to have the user complain that, "the data are useless.”
On the other hand, if elaborate editing checks are introduced,

the sheer volume of data may result in high costs or processing
delays, and the user may now complain that the data are not
sufficiently current for him to make timely decisions.

With this background in mind, it is apparent that an ideal
air quality data screening system must be able to process large
volumes of data in an inexpensive fashion while flagging virtually
every error. Also, because it is frequently difficult and time
consuming to verify suspect data points, every flagged value
should be a genuine error. Unfortunately, while these character-
istics are obviously desirable, they are also almost impossible
to attain. However, the techniques presented here represent a
useful first step to identify and eliminate the more glaring
errors in air quality data sets.



SCREENING PRQCEDURES

As discussed in the previous section, the choice of an
appropriate screening procedure depends not only upon the de-
sired data quality, but also the volume of data to be processed
and the amount of resources available for screening the data.

For example, a very effective means of identifying outliers is

to have an experienced air pollution analyst visually inspect
graphs of the data. While this may initially appear reasonable,
it is seldom practical because the volume of data quickly becomes
too large and other demands are frequently made on the analyst's
time. The primary purpose of these screening procedures is to
make efficient use of the analyst's time by identifying suspect
values that should warrant closer examination.

For the purposes of this discussion, tests for 24-hour
data and hourly data are presented separately. This distinction
is made because of the difference in the volume of data to be
processed. The 24-hour data are commonly obtained by every-sixth-
day monitoring, while hourly data are obtained from continuous
instruments that may produce over 700 values per month. There-
fore, there can be as much as a hundred-fold difference in the
volume of data. This difference affects the types of tests
that can be efficient to screen the data.

The tests are discussed in terms of screening one month's
worth of data. The choice of one month is somewhat arbitrary and
could be varied. However, there were several factors that made
this choice seem reasonable. To process less than a month's
wortn of data would result in very small data sets for every-
sixth-day sampling schedules and yet more than one month would
result in very large data sets for hourly data. Another consideration
was to maintain a fairly short time interval between data collection
and flagging suspect values. This was done with the idea that
the sooner a suspect value is identified, the easier it would
be to verify the measurement. The use of months rather than
quarters also lessens the effect of seasonality for tests that
involve comparisons with data from previous time periods.
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One point worth noting in the discussion of these
statistical tests concerns the validity of the underlying
assumptions. As a general rule, these types of tests assume
that the observations are independent. To some extent, this
may be approximately correct in the case of every-sixth-day
sampling, but obviously there are seasonal and diurnal patterns
associated with air quality levels that make this assumption
questionable in general. This problem could be approached by
the use of time series models to minimize the auto-correlation
(interdependence of successive values), but from a practical
viewpoint, the tests discussed here have been shown to work
reasonably well. In a sense, the viewpoint taken here is to
use the simplest test that has been successfully demonstrated
and have that fact substantiate the claim that the underlying

assumptions are "aporoximately satisfied."

Twenty-Four Hour Data Tests
There are several statistical tests that may be used to
screen 24-hour air quality data sets. Tests attributed to Dixon.

Grubbs,10 and Shewhart11 have been considered for identifying

Gty O Conceptually, all these tests

suspect air quality values.
yield a probability statement that provides a measure of the
internal consistency of the data set. The Dixon and Shewhart
test procedures have been applied to air quality data sets.7
The Dixon test may be conveniently used to examine one
month's worth of 24-hour data. Basically, this test is used
to examine the relative spread within the data set and is quite
easy to compute. For example, if there were five values in the
month, it is only necessary to rank the data from smallest to
largest. Then the difference between the highest and second
highest values is divided by the difference between the highest
and lowest values. This ratio gives a fraction ranging from
zero to one. A graphical presentation of this test is given
in Figure 1 for two data sets that have four points in common,
but the second data set contains a value of 420 ug/m3 instead
of the 42 pg/m3 in the first data set, i.e., a possible tran-
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Figure 1. ITlustration of Dixon Ratio Test for two
TSP monthly data sets.



scription error. The computed ratio in the first cases is .33

which is acceptable while the second ratio is .73 which would

be flagged at the 5 percent level as a possible outlier. The

closer this ratio is to one, the more likely it is that the high
value is an outlier rather than a correct value. Tables are
available to determine the probability associated with this computed

3,9 The Grubbs test is conceptually similar although the

ratio.
ratio used is the difference between the highest value and the mean
divided by the standard deviation. This requires slightly more
computation, but again tabulated values for the associated probabilities
are available. 2,10

One characteristic of these types of tests is of particular
interest in terms of their possible use with air quality data.
These tests implicitiy assume that at least one value in the data
set is correct. If all of the values in Figure 1 were multiplied
by 10, the computed ratios would remain unchanged. The key point
is that these tests merely check for internal consistency and
consequently, it is possible to have a data set that is entirely
wrong and yet internally consistent. Initially, it may appear
perfectly reasonable to expect that at least one value in the data
set will be correct. However, in evaluating these tests it became
apparent that the data handling schemes involved can occasionally
produce an entire month of data that is incorrectly coded and there-
fore, improperly scaled. With this in mind, it becomes apparent
that it is not sufficient to check for internal consistency; some
type of comparison must also be made to ensure that the values fall
within a reasonable range.

This can be accomplished by the use of the Shewhart test.7’12
This test compares the monthly mean and range with those from the
past few months. Again, tabulated values are available to determine
the associated probabﬂities.12 However, the main point is that the
test is basically a two-fold screening procedure. If a monthly range
differs appreciably from past monthly ranges, then it suggests an
outlier within the month. On the other hand, if the monthly mean
differs appreciably from past monthly means, then a scaling problem
is likely.
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This test has been applied to air quality data using
comparisons with the past three months of data. Although
some differences would be expected because of the seasonality
of certain air pollutants, the use of data from the previous
three months seems satisfactory.7

The application of the Shewhart test involves the computa-~
tion of upper and lower control limits for both the monthly
mean and range based upon the average of the three previous
monthly means and ranges. The formulas for these upper control

Timits (UCL) and Tower control limits (LCL) are:

UCLR = D4R LCLR D3 R (for the range)

LCL; = x - AR (for the mean)

and UCLR = 9

]

o<
+
I=
o

where R is the average of the previous
three monthly ranges and

x is the average of the previous three
monthly means.

The values A2, D3, and D4 depend upon sample size and may

12 An abbreviated table is contained in

be obtained from tables.
the "Quality Assurance Handbook for Air Pollution Measurement
Systems™ - Volume 1 (Table H-3).

The Shewhart test can be illustrated graphically as shown
in Figure 2. This actual example 1ﬁv01ved data that were sub-
mitted with all values for October miscoded and too large by a
factor of ten.7 The upper and lower control Timits are indicated
on the graph and the October values for the mean and the range
are obviously questionable.

Although the required use of information from previous.
months may complicate the data processing, results to date7
suggest that the Shewhart test is sufficiently effective to
make it the method of choice for twenty-four nhour data.
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3.2 Hourly Data Tests

Hourly air pollution data sets present the most obvious
conflict of desired data quality versus data volume. Just one
month's worth of data may contain over 700 observations, and
yet there 1is still a need to ensure virtually perfect data
quality. The volume of data is a prime factor affect1ng the
choice of a feasible screening procedure.

An obvious starting point is to consider the seasonal
and diurnal patterns in the data. This was done and a computer
program was developed to check for departures from typical
patterns.,5 These typical patterns were determined from historical
air quality data.

The computerized version of these tests checks four basic
characteristics of the data set. The first is a maximum upper
limit for an individual value. The second is an upper 1imit on
the difference between adjacent nourly values. The third check
examines spikes i.e. where the middle hour of three consecutive
hourly values is much higher (or Tower) than the two adjacent
hours. These spikes are checked both in terms of absolute change
in concentration and percent change. The fourth check specifies
ar upper limit for the average of four consecutive hourly values.
The purpcse of the first three tests is fairly obvious. The Tast
check was introduced to identify small clusters of high values.
This type of pattern was ceen occasionally in sample data sets
where no single value was above the maximum value Timit but yet
a cluster of data values appeared too high. The choice of cut-
off values for these patterns tests ig Inherently subjective.
Typical values that were selected on the basis of empirical
tests on actual data sets are presented in Table 1. As in-

~ dicated, the cut-off may vary for different stratifications of
the data. For example, higher cut-offs are used for carbon mon-
oxide during rush-hours compared to the rest of the day. Similarly,
the values for ozone vary from season to season and from day to
night. These variations reflect the seasonal and diurnal patterns
of each poilutant. As discussed, the choice of these cut-offs
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is subjective, but this should be viewed in terms of the purpose
of these tests. The results of these tests are not sufficient
grounds to eliminate data values, but only serve to identify
values that require further examination. Viewed in this perspec-
tive, these cut-offs are satisfactory.
Table 1.

SELECTED QUALITY CONTROL TESTS

Typical Cut-0ff Values for Patterns Test on Hourly Values
(Concentration in pg/m3)

Maximum Adjacent Consecutive
Data Hour Hour Spike 4-hr
Pollutant Stratification Test Test Test Test
Ozone 3OO
Total Oxidant Summer-day 1000 300 200(300%) 500
(ug/m3)
Summer-night 750 200 100(300%) 500
Winter-day 500 250  200(300%) 500
Winter-night 300 200  100(300%) 500
Carbon Monoxide Rush traffic 75 25 20(500%) 40
(mg/m3) hours
Non-rush 50 25 20(500%) 40
traffic hours
Sulfur Dioxide None 800* 200* 200(500%)* 1000*
(1ng/m3)
Nitrogen Dioxide None 1200 500 200(300%) 1000
(ng/m3)
N 0;«{

* Higher values may be used for sites near strong point sources.
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Although these patterns tests are fairly simple and easy
to understand, there are certain inherent deficiencies. Basically,
the values are flagged on the basis of a yes-no decision with no
probability value associated with the flagged value. Another
problem, which is probably more serious from a practical stand-
point, is the need to vary the amount of allowable departure
from site to site or area to area.

With this in mind, a statistical screening test for hourly
data was deve]oped6 that would mimic the decisions made by an
experienced analyst. The reason for this was an attempt to avoid
a black-box approach where the screening procedure was viewed as
a mysterious oracle delivering arbitary decisions. Values that
appear to be quite unlikely from a statistical viewpoint may
actually be quite likely in the real worid. For example, massive
traffic jams do happen and may result in high carbon monoxide
levels. Windstorms Can mean high total suspended particulate
levels. Sudden shifts in wind direction can mean that a monitor
near a point source goes from a zero reading to almost full scale
and back in a few hours. The high variability associated with
peak hourly air pollution values makes it almost impossible to
develop a screening procedure that does not occasionally flag
values that are correct. But it seemed desirable to avoid the
situation where an air pollution analyst would tire of repeatedly
checking flagged values that turned out to be correct. Therefore,
emphasis was given to a test that would flag values that an air
pollution analyst would want to investigate. An effective way
to accomplish this was to develop a test that would mimic experi-
enced human judgment so that the analyst would understand why
the value was flagged.

Experienced analysts frequently use the approach of looking
for unusual jump discontinuities between successive hourly values
or departures from expected diurnal or seasonal patterns. It
became apparent that many of the outliers could be detected by
a simple approach. 1In most cases, unusually high values could
be detected by examining the frequency distribution of the hourly
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data for a given period of time, such as a month, quarter, or
year. Suspect values would be associated with large gaps in
the frequency distribution. The length of the gap and the num-
ber of values above the gap afforded a convenient means of de-
tecting possible errors. With this simplification of the problem,
it becomes possible to develop a probabilistic framework for this
prob1em.6

Figure 3 displays a histogram of actual carbon monoxide
data for one month. As indicated, there is one hourly value
equal to 30 mg/m3, but no other values above 12 mg/m3. It is
relatively easy to compute the probability associated with such
a gap by assuming that the data may be approximated by an ex-
ponential distribution. This type of approximation has been
examined and appears to be adequate for the upper tail of the

A = The

actual formula for the probability of this gap is quite simp1e6,

distribution, i.e., the higher concentration ranges.

and as would be expected, the probability of this particular gap
occurring is quite small (.0006). In fact, the value of 30 mg/g
was merely a keypunch error, and the correct value was 3.0 mg/m .

It should be noted that the gap test is designed to identify
unusually high values. Errors that produced unusually Tow values
will not necessarily be detected. A possible option is to also
employ the previously discussed pattern test5 which will flag
unusually Tow values if they result in a departure from the typical
pattern, Both tests are fairly efficient, and on EPA's UNIVAC-1110
computer the computerized versions of these tests can process 25,000
hourly values for approximately $1.00.

CONCLUSION

For twenty-four hour data, the Shewhart test is a convenient
means of identifying possible errors. As discussed in the previous
section, this test checks not only internal consistency within a
month, but also consistency with adjacent months. This second
check necessitates an added file of historical information, but
experience suggests that this extra step is warranted. For hourly
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data, the gap test is convenient and effective for identifying
potentially anomalous high values. Based upon empirical results,
gaps with probabilities Tess than .01 should be identified. The
gap test can also be supplemented by incorporating the pattern
type tests into the screening process. Although the Shewhart

test could also be used on monthly data sets of hourly data, the
volume of data involved and the need for additional historical
data files may complicate this type of implementation. Therefore,
the gap test would have the advantage of being easier to impTlement
and yet appears to work reasonably well in actual practice.

It should be noted that the use of the gap test requires
the computation of a frequency distribution for the hourly data
for the month in question. Although this is relatively easy to
determine with a computerized system, it could be very time con-
suming to do manually. Therefore, if computer processing is not
possible it may be more convenient to use the Shewhart test for
hourly data. While manually computing the monthly mean of the
hourly data would also be time consuming, the determination of
the monthly range and the comparison with previously monthly
ranges may be done quite easily. Thus, without any computer
processing capabilities, the Shewhart test on ranges affords a

convenient method for screening hourly data.

In recommending these particular tests for use in screening
air quality data, it should be noted that this guideline is not
intended to state that these are the only tests that may be used.
These procedures are intended to represent a baseline screening
program for air quality data. They focus primarily on identifying
unusually high values and are not ideal for detecting unusually
Tow values. In a sense, these may be regarded as the minimum
requirement. Obviusly, there are no restrictions against using
procedures that are better. In some cases, State and local
agencies may have well established screening programs that are
efficient and have been proven to be effective. There are certain
refinements that can be made in screening these type of data

sets. For example, a test such as the Shewhart procedure could be
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used to detect changes in the standard deviation at a site. Time
series models and the use of associated data, such as meteorological
variables, would be expected to increase sensitivity and possibly
result in even better data quality. However, it remains to be seen
if these more élaborate approaches are cost effective when processing
vast quantities of data from locations throughout the Nation.

An important consideration is the proper placement of these
procedures in the overall data handling scheme. As a general rule,
the tests should be applied as close to the data collection step as
possible. This will minimize the time lag before the potential out-
lier is identified and thereby make it easier to check the value in
question and still ensure that the data is submitted to EPA in a timely
fashion. Procedures for handling data anomalies and suspect data
identified in EPA's Natjonal Aerometric Data Bank are discussed in
the AEROS User's Manua].14 However, the main thrust of a data screening
program is to detect and correct any such errors before the data are
submitted to EPA.

As a final comment, it should be noted that once a value is flagged
as a possible anomaly, it cannot be arbitrarily dropped from the data
set. ;t must first be verified that the data point actually is incorrect.
The fact that the data point is statistically unusual does not
necessarily mean that it did not occur. There are a variety of factors
that should be examined to determine whether the data point should be
deleted. In general, the data screening tests presented here would
detect only very gross errors. For example calibration errors can
produce data sets that are internally consistent and consequently would
pass these tests. The data sets flagged by these tests will usually
contain a few values that are much higher than the rest of the data. In
many cases these will obviously be the result of a transcription or
coding error. Simple, but effective, steps in examining these flagged
values include comparisons of adjacent hourly values at the same site,
comparisons with other pollutant or meteorological data for the site in
question, and comparisons with data for the same pollutant recorded at
other nearby monitoring sites for the same time period.
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APPENDIX A - Gap Test for Hourly Data

This appendix contains additional information on the gap
test for hourly data. The following material is included:
(1) A copy of the paper, "Quality Control for

Hourly Air Pollution Data," which explains
the details of the test,

(2) A brief description of the computer program
for this test

(3) A Tisting of the FORTRAN computer program
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Previous pupﬁrsl—* have discussed techniques for screening afr pollution data sets
with particular attention given to 24-hour measurements.  The present paper focuses
upon the use of sereening procedures for hourly ambient air quality measurements. As
with any quality control procedure, it s usetul to consider the nature and intended
use ol the data betare discussing the sereening technique.

Hourly alr pollution data sets present some interesting practical problems when one
considers the use of a screening procedure.  The most obvious feature is the volume of
data. For example, 24~hour air pellution measurements are usually obtained hy every-
gixth-day sampling resulting In approximately &0 samples per year. in contrasc, hourly
measurements are obtained from cont inuous monitors that operate cvery day and, therefore,
miy produce uw many as 8,760 valuen per yeur. Thus, hourly data sels are commonly 100
times larger than those for dally measurements. The reason thar the volume of Jata 1s
important becomes apparent when the use of the data (s examined. For the most part, alr
pollution data is collected to determine statuy with respect to rertain legal standards,

. 4
such as the National Ambient Alr Quallty Standards, These standards specily upper
limits tor air pollution coucentrations. Of particular interest for this paper are the
standards for oxidants or carbon monoxide which indivate hourly values "not to he

A
exceeded more than vnce per year.”'  In thear sltuations 1t 1is the second highest
value from a data set ol 8,760 observatlons that becomes the derision—mnktng value.
Obviously, this places a premium on vnsuring data quality.

From a4 practieal viewpolnt, matntaining o data bank for air pollution mrasurement s
tnvolves the basie confliet of having to routinely process Tavge volumes of data and
yet at the same tlme ensure an almost zero defect Jevel of data quality. Many sites
monitor for several pollutants so tlhat on the national level, thousands of sites are
routinely submitting tens of thousands of data points each year. However, because of
the nature of the standurds, mny users may only be interested in the two highest values
at each site tor each pollutant. It should be noted that two values from a data set of
8,760 observat fons constitutes 0,023 percent of the data. This means that the uger's
perception of data qualfty may be entirely different [rom the true data quality. For
example, 1f only 0.05 percent of the data points were too high due to errors, this
wonld gtill be sufficient to have the user complain that "the data are useless." On
qht other hand, (I elaborate editing checks are Introduced, the sheer volume of data

¥y repult in high costs or processing delays, and the user may now complain that the
21;3 are mot aulflclently current for him to noke timely decisfons.

With this bsckground in mind, It {s apparent that an air quality data screening
program must be able to process large volumes of data in an inexpensive fagshion while
flagging virtuuily every error. Also, because It {s frequently difficult and time con-
siming to verlly suspect data points, cvery ) lapged value shonld be a genulne error.
Unforiunntely, while hese Cldracter b tes are obviously destrable, they are also almost
Imposniple to driatn, e dpprein b presented hore (s 1 dmar i by Intended Lo eliminat e
Che more glaning oprors brom these hourly data siers, The major emphastis 15 on sereening
fhn h;uhpr voneesl el Lon ova boes to chieck for neneral Internal consistency within the

dpka' gec.

RATIONALE FOR SCREENING PROCEDUR:
In our Initial development of a screenlng procedure for haurly data, a computer

PTogram was developed that checked tor departures from typical palterns.3 These typical
patterns were selected on the basis of experience with various types of air pollution
data. Bagically, the values were flagged on a yes-no decision, and there was no proba-

b#;%ty atatement associlated with the rejected values. One Stape In this development was

]
i
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to plve sample data sets tooexperfoneed abh pollatlon dara analysts to see what valoes
they wondd relect s There were two teasons bor Chiba ateps The most ahvlous was Lo en
wuie that the compaters bt soreendng procedure wae conglatent with na-cal ted expert
judgment.  However, another reason wan the voed tor o test that would mlmice the decefslns
made by an experfenced analyst.  The veason Lo this was an attempt to avold a black

box approach where the screening procedure was viewed as a mysterious oracle delivering
arhitrary dedlsions. The point here fs that {t can be quite time consuming for the data
analyst to ~heck flagged data points. Values that appear to be quite unlikely from a
statistical viewpnint may actually be quite likely in the real world. For example,
massive tralfic jams do happen and may result in high carbon monoxide levels. Windstoms
can mean high total suspended particulate levels. Sudden shifts in wind direction can
mean that a monitor near a point source goes {rom a zero reading to almost full scale
and back in a lew hours. The high varlability associated with peak alir pollution values
makes It almost impossible tu develop a screenlup procvedure that does not occasionally

flag real values. Bul {t scemed desirable te avoid the sttuatlon where an air pollution
analyst would tire of repeatedly checking (lagyed values that turned out to he correct.
Therelore, emphasls was glven to developing a test that would [lag values that an air

pollution analyst would want to Investigate. An eflfective way to accomplish this was to
develop a test that would mimic experienced human judgment so that the analyst would
understand why the value was flagged.

To a large degree the preliminary test on patterns was sucvessful. Experienced
analysts used the same basic approach of looking for unusual jump Jiscontinuities between
successive hourly values or departures from expected diurnai or seasonal patterns. How-
ever, therc were two main deficlencies in thls computerized procedure based upon depart-
ures [rom suspected pstterns. One was the lack of a probabilistic framework. The
second, and probably the more serlous from a practical standpolnt, was the need to vary
the amount ol allowable departure from site Lo site. The probabllistic framework could
be provlded by a time series model, and the parameters varied f{rom site to site. However,
it became apparent durlng the preliminary investlgation that many of the outliers could
be detected by a much simpler approach. In most cases, unusually high values could be
detected by examinlng the frequency distributlon of the hourly data for a glven perlod
of time, such as a month, guarter, ur year. Sugpect values would be associated with
large gaps in the frequency dlatribution., The length of the gap and the number ol
vilues above the gap aflorded a convenlent means ol detecting posslble errors. With this
slmpliflcation of the problem, it becomes possible to develop a probabilistle ramework
for the problem as discussed below.

PROBABLLITY OF A GAP
In order to compute the probability of a gap in the empirical frequency distribu-
tion, Lt is nccessary to assume some type of underlying distribution. Although this
involves an oversimplification because it ignores dependency between successive hourly
values, such approaches have traditionally been used with success in air pollution data

analysis. The lognormal distribution has customarily been used for thie purpose. How-
ever, the exponential distribution has also been found to provide a reasonable approxi-
.

mation lor Lhe upper taill, or higher concentrations, of hourly air pollution data.6
Because the higher concentration values were of primary Interest and the exponential
distribution Is mathemat ically convenient, It was used as the underlying distribution.
As with any measurements, although the approximating digtribution Ls continuous, the alr
ppllution values arc discrete valued. For simplicity, they may be assumed tu be intergers
Lgcause this Involves merely a change of scale. A gap In the frequency distribution may
then be described in terms ol 1ts length, Lhe number of values above the gap, and at
what concentration the gpap bepins. Therefore, Il a monthly empirical frequency distri-
pution of hourly values has n values greater Lhan concentrallion ¢ but no values belween
o, and c+k, this would be a gap ol length k starlling at ¢ with n obscrvatlons above the
gap. To compute the probability of this event, cousider the tfollowing:

Let X be an exponential random variable.

=1} -{)
Then Pr(Xec) = l-e (&7

-A(c-1)

where 1:0, c-0.
Thus, Pr(X:c) = e
The probability that X {s greater than e+k piven that X is greater than c 1s

Prox esk) o TR g

I'r(X ok X ¢) f Pr(X-e) ‘-*(}-HJ ¢
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Because X fn et othoted oxponeat balle, thilo expremnlon tn tndepeadent af the coneen
trat oo o,

Ansnming Independence, the pobalbitl ity that novaluew are greater than otk glven
that theuse n values are greater than o« (g

i -nk
Thus, the probablility of o pap ol Tength k with n values above the gsp s o "

This probability then becomen the erlteria lTor relet oy sunpecr data.

APPLITCATION
A relatlvely slmple FORTRAN program was wrltten to procesy hourly data, compute
the empirical trequency distrlbut fon, and cxamlne any gaps.  Because ol the manner [n
which the data g rontinely submitted to the U, Envitonmental Protect fon Apency's
Natlonal Aerometrle Data Bank, the program was written to check the data on a monthly

baais (744 hourly values). The parameter « obviounly varies trom one datn met to
another.  For wlmplicity, 4 wan determined trom the 50th and 99th pereentilen of the
data. This was computationally convenlent and aluo emphasized (he (1t for the upper

tall.  Renults to date In evaluating this test Indicate that thls approach fa adequate

Pagt cxperience has indieated that an occastonal sourie of error s the miscoding
of unity so that an entlre month of data would be internally consistent yet too hlgh
by some scale factor. To accounl lor this, a socond eyt imate of » wag computed using
an assumed value tor the 99.9th percentile, t.e., « value that historically should no
be exceeded more than ane time In a thousand.

RESULTS

In order to provide a realistic test of this screening procedure, actual data sets
were uged. One of partlcular interest Involved carbon manoxide data that had been
qulckly key-punched and then manually edited for a specific study. This provided a pre-
liminary and corrected version of the [{le. The preliminary ille had knuwn errors and
the corrected file was presumably valid. The firat teat run on the preliminary file
procesgsed 21,362 hourly values from 40 monthly data sets. FEight of these wonthly data
sets were flagged. lourly carbon monoxide values would be experted to moatly fall In
the range of 0 to 50 ppm. In this firat test, values of 900, #0N, 700, and 500 were
found reaulting in gap lengths preater than 100 and assoclated probabilities of less
than 1 in 10,000. These results are shown in Table 1. Of the cight flagged data sets,

TABLE 1. Rejected Stite Months From Sample Data Set

14

Nambery Number of
ol nud Gap Starting valuey

Site Month/vear values  Maxlmam  high  length 4l above Probahility

33 Oct. 19/4 530 30 13 16 14 1 .0N0A

33 Nov. 1974 604 5010) 300 -100 15 3 <.00Nl

33 Dec. 1974 671 800 500 100 41 4 -.0001

13 Jan 1975 653 500 500 100 20 ? <o

13 Feb. 19749 510 17 18 14 19 1 -.0ugl

39 June 1975 107 900 700 100 27 1 -.0001
901 July 1974 620 15 14 3 11 J .0056
901 Aug. 1974 334 BOO 800 -100 11 % ©.0001
seven had keypinch errvors. The one remalning month wis [lapped on the bastls ol pap o
length 3 and the data appeared to be reasonable.  This presented no dittlenlty tor he

analyst because the computer printout was sul[{cient to Indlcate that (hese data were in
an intuftively acceptable range and probably did not warrant further {nvestlgatlon.

It toak, Tess than 30 seconds on EPA's UNIVAC 1110 to process these 21,362 hourly
values, and the total cost was approxlmately $1. Tt should be noted that the program
dovs several other editing checks so that this cost includes more than the screening
procedure for gaps.
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CONCLUSTONS
Using gaps in monthly frequency distributions appears Lo be a convenient means ot

screening hourly air pollution data sets for outliers. Results to date indicate that it
satisfies the criteria of being easy and economical to implement while producing output
that is intultively understandable to an air pollution data analyst. The test success-—
fully spots the more obvious errors. As expected, the initial results also suggest that
these types of data sets do have a much lower crror rale than the user perceives because
of the emphasis on only the few highest values.

There are certain refinements that con he made fn sereening these type of data sets.
Time serles models and the use of associated data, such as meteorological variables,
would be-expected to Increase sensltivity and possibly result In even better data quality.
However, It remains to be seen 1 these more claborate approaches are cost effective
when processlng vadl quantities ol data trom locations throuphout the nation.

As a flnal comment, ft should be noted that once a value s flagged as a possible
anomaly, it caunot be arbltrarily dJdropped {rom the data set. It must first be verified
that the data point actually is Incorrect. The fact that the data point 1is statistically
unusual does not necessarily mean that it did not occur.
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.Description of Gap Test Computer Program

Overview

This FORTRAN program may be used to read SAROAD format raw
data -cards and screen hourly data for the criteria pollutants accord-
ing to the gap test. Each monthly data set is screened for gaps and
also for the number of hourly values exceeding a user supplied upper
Timit (SMAX( ) ). This latter feature is incorporated into the
program to protect against an entire month, or portion of a month,
being too high due to incorrect scaling. The user supplied upper
limit is a concentration that should not be exceeded more than one
time in a thousand. The program counts the number of values above
this limit and uses the Poisson approximation to compute an associated
probability.

The gap test is calculated by fitting two different exponential
distributions to the data. One estimate is obtained from the 50th
and 95th percentiles of the data while the other uses the 50th per-
centile of the data and the specified upper limit as the 99.9th
percentile. These two different estimates are employed to protect
against different types of errors. Output may be obtained for each
monthly data set or PCUT( ) may be varied to suppress printing of
acceptable data.

The program contains certain editing features to prevent arrays
from being over-subscripted. Summary results of the processing are

printed at the end of each run.
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Program Input

SAROAD raw data cards (cards for non-hourly data are ignored)

Program Execution

On EPA's UNIVAC 1110, the foT]owing runstream will execute the
program.

@ASG,A TRRP*ADSS.

®XQT TRRP*ADSS.GAP

@ADD (your data file - cards)

OFIN

Program Statistics

On EPA's - UNIVAC 1110, this program will process 25,000 hourly

values or 2000 cards in approximately 30 seconds and a cost of $1.
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12 6§ 50y eli0 4. C1Cy C10 e L Lrl0 01 CuCe 15,0410, 0sil 0/
3 . i2¥ CTIO
17 DATA MDA YL yMIIRIsMDAY 2o MHR2 /T 98 C 2L/
5 c
i7 L - e — —
ic C INCELL(T) IT FCR CONCENTRATION 12
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a7 OQATE KETVALy KN TSHP oK NTFL Gy KABO RT /C oQ 38 »C 7/
23 DATA KNTHMRZ U/
jais JATA KRCAD fHKURIT » NOMORE /2 +C o0 /
x 2474 SLleS29530 U/Cer Da 12 a9 la/
Z1 DATE TYR STMC oINFLy IMCTH/ B Cy Oy O/
2 DATA TNCTOMNe INFLTL/ZC O/
- OC 5 I=1,1L3 :
i S S J=1.2
I 5 NGTCUN(I »JI=C
5 KRITE(Gr450)
s ANTIO=1
33 0 TG 910
o C INFUT TECTION
6e 12 CoNTINULE
L33 ) =t
42 r21=52
43 CJLTSS
04 T4L=Sy
05 IYRL=T W
ne I#eL =Ir0
i7 INPLL=INPL
43 IMETHL=IMETH
) 15 CONTINUD
53 KNTRECZKMTRIC+ 1
oA REUAD (S 401 2ERR=1L200y NDZ988) IT Wy SL 932y © 9SUs ITPC Ry IY Re TMOe IDAY 5T
oy ECARN yTHLPLy TMETHy TUNL TS 9I0R o ( VIM( I 9215191700 s AVIN(I }9I=1012)
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o e
3 B FOIT CHECKS
w E ST=T=sl— —X=S == —¥ =
e C
v ITITIY T LNDL. Y6 TO A3 )
cC INPLT=C
1 auw=C
ITITNPL. TG LU 2101 )TN LT =2
a1 IF(THPL.FQ. U424 C1YINPLT =2
] IFITNPL.TCLU26C2)VINPLT 3
o IFUTHPL.FOL441CL)TNP LT =4
o9 IF(TIMPL.T0L4UZCL)TINPLT S5

IF(INPLT.FQ.CI G0 TO 1315
IF(TTPER.NE. 1) D TO 131C
JF(IUNITS. EGa1)TUNZL
IFITINITS.EG.S)ITUNZZ
IF(TUNITS, T8 .7 )TUNZS
IFITWITS.[G.8)TUNCH
IPUCHTIUMe INFL T
IF(TFUCH.FQ.O)CO TO 1320
JFt{ICARD.NC.GYCO TO 35
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ICARD=1
co 70 &

35 IF (ICARD.N[.12)60 To0 1325
ICARD=C

33 CCNTINLD

IF(IDAY.CT, 3110 TO 3%
IF({IM0.LT 1) CRITM0.,CTL12)160 To 1350
IF(SI NFe SLIKWRITEZL
IF (S NFe S2IKWKITEZ 1
IF (S 2 NCLSSIKWRITE=L
IFAS G JNFoSHIKWRTITESL
IF(TYRL.NE . IYRIKWRITESL
IF(TMOLLNT JTHOJKWRITE=]
IF(INPLL oNE. THFU DK WR ITEZ 1
IF(IMETHLL LT JIME THOK WRITES L
IF(KREAD T 3a DV KWRITET
IF(KWRITF. LGS0 TC 2@

50 CONT IAUD
KOAY U IDAY ¢TI CARDIZKDAY SO IDAY oI CARD M+ 1
KTLE &R =0
INPLTLZTNPLT

C DETERAINF SCALL FACTOR B
SFSSCALE(INFLT »IUY)

C FIND MAX 1,HAX2 NVAL
¢ 12C I=1.,12
IF(AVINGTY LER.BMTISS) @ TO 120
IF(AVIR(TY) LEQ. ASLANKIGO TO 12D
SVALCNVAL+ D
VALZVIM{T) /( SF+10+1IDP )

lva=va
IF(TVAL.CE.C)CO To 11D |
WRITEL S 1C5) KN TREC . i
183 FORMAT{1H +'KECATIVE CONCENTRATION ON CARD "»I1C ., SET TO U.'}
Ly =

11C  CONTINUT

FF(TVAL.LT.MAXZ) CO To 115

MA X2 I VAL

IF(TVAL.LT.MAXD GO © 115

MA X2 =M AX 1

MDAY 2Z 1D AY

MHR2=( TCARD- 1) s12+ 1

MAXYL =T VAL

MDAY 2T M &Y 1 )

MHR2 ZHHR 1

MCay iz 1D AY

WHRLZ(ICARD=1) e1 241

TFAVAL 0T, SHAX (IHPLT N MYIGHE NHICH+ 1
115 IF(IVAL.COT,1CC) IVAL 1D

INCELL (I VAL+ 1) TINCILLCIVAL 41 )+ 1
120 CONTTINUC

KREADZ 1

~ .
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sl e CUNTINUE

€ CUMPUTS NUNDER CF VALUES IN CEWLLS X1
C i ASTSLAST OCCUPIED @ddx CTIO
NLAST=1D1
NREM(1TLIZINCELL (101)
DO 21C IMINUST 1,100
I1=101-IMTNUS
NATM AT IZHPCM (T4 )¢ INCELL (1)
IFAINRENME T4 1) JCCa O) NLASTEX

2L CenTINLD '

c
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NOEMF=C _
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DO 23 ISNSTART,101
IF(INCELL(I) JEG.D) 60 TO 222

2338 CONTINLT
NOEMFZ 1
232 WFIRST=I
C CompPUTE MCIMP(I} = “MUMBER OF CCNSECQUTI WV EMP TY CELAS
C ZYARTING WTITH AND INCLUDINC T :

DG 25C ISNTIRSTeNLAST
DC 240 JSTNLAST
IF(INCOLLU ) WNE.O)Y GO TO 245
240 CONTINUE
245 MCEMF(T) =0 -T
250 COMTINLUE
C CLMPUTES HICHEST FACTCR FOR EXFOMENTIAL CUTLTR TEST
MLASTLSNLAST -1
TEX=0
Du 27C I=NFTRSTyNLASTL
TEMP SN CEMP (T 3# IRCM (I)
IFITCHP.LT,TEX) CO TO ZIC
IF(NCENFIT)LLLT 3160 To 27C
TE Y= TE P
INTEX=T
CONTIMLT
VM UTT LAMANAS FOR EXPCMNENTIAL (U T IER TESTS
PR VALT LV AL
PEC= 5P HVAL
PIST .05« FNVAL
c15-101,
€30=1C1i.
00 330 IMINUSSZ, 101
110 3-IMTNUS
IFANRCMIT) L TLF25)C35=T-2
IFINREMIT) WL T.P50)C50=1-2
COHT INUE
C339-SMAYCINPL L)
AL (1)=0,
IF(C35 050133233243 30
71 XL (1)=2, 3026/(C35-C50)
32 XL (2 )=C.
3 XL t21=G, 21485 /1 CC5CSG )
IF (XLt D) WL ELUdITP1=
IFOILOD) Ll 23T TRP2=1
C FLRFORM CUTLICR TESTS
OC 370 ITiNC
PTCSTUT) =0,
XARG =T EX #XL( T}
IF (X8R G. GT.5CI CC TO 350
PTEST(I) SEXP (- XARG ) '
IFPTCSTIT ). 6T .1,0000) PTEST(T)=1.C
353 CUNTINUC
IF(ITP1.F0.1)P T ST (1 )= -, 3929
IF(ITPZ2.FR.1)P TCOT (2 )= -. 9999
C FeISCet APFROXTNHATION
X:HT CH i HI CH
YLPOTS=PNVAL 71 (T 0,
rROr =1
SUr=0
WHICHL SUHTCH41
00 37C I<liMTCHL
SUNZ UL+ PRGD

N —r
(¥ SR

FROC P RCN* XL PC IS /XI

O
~¢
e N e]

(2]
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(SR N
4

37¢C CONTINUL
375 CCRTINUC
FTCSTL 2y 21,0
IFIXLPOIS.CT.50y 580 To 378
FTESTU 3 Z1-EXP t=- XLFO IS )% (SUV)
373 SUNTINUC

IFANHICHF U GYFTCSTE 3) =1 .G
CC TC 40
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TONTINUT
TATTYFD G ) TNIR KT HHL+ L
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APPENDIX B - Pattern Test for Hourly Data

This appendix contains additional information on the pattern
tests for hourly data. The following material is included:
(1) A copy of the paper "Automated Screening of
Hourly Data,"
(2) A brief description of the computer program
for these tests

(3) A Tisting of the FORTRAN Computer Program
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;;r AUTOMATEDr SCREENING;;OF HOURLY AIR, QUALITYDATA
'

Robert B. Faoro, Hathematical Statistician
Thomas C. Curran, Mathematical Statistician
Willism F. Hunt, Jr., Chief, Data Analysis Section
U.S. Eovironmental;Protection Agency
Office of Air Quality Planning and Standards
Monitoring and Data Analysis Division
Research Triangle Park, North Carolina 27711
1

INTRODUCTION

i Over the past several years a number uf different automated methods to screen qiri

I quality data for errors have been proposed. Basically these techniquea were i
developed to detect the more obvious data errors resulting primarily from keypunch, I

Ltranscription or periodic malfunctioning instruments. More subtle errors from

i inadequate calibrations procedures or similar problems resulting in measurement bias |

Ewili not be detected by these procedures. 'The goal of these techniques was to ensure

. a high quality data product for the higher concentration levels because in many cases

, these higher values determine an areas status with respect to the various ambiert air

Iquality standards and the amount of emission controls needed. For example, the second:

.highest hourly observation out of a possible 8760 hours in a year is used to determine
compliance for carbon monoxide and ozone. |Other pollutants have the second highest

Iday as the decision mﬂking statistic. . _Pollutants having annual mean standards such as,

I total suspended particulate, sulfur dioxide, and nitrogen dioxide, yould require that |

' more attention'be given 'to the complete annual data set. M - ] Y

Basically the techniqués.which' have 'been developed can be classified by their |
application into two main catégorles: 24 hour (intermittent systematic sampling)
+ and hourly data (continuous sampling)., Procedures for screening 24-hour data, will
not be discussed in this paper. They have been described in previous papers.i' A
' guideline document® has been prepared describing the complete air quality data .
* screening package together with summary documentation of both tests described in this |
paper. The purpose of this paper is to evaluate two different schemes for screening
hourly air quality data. These two procedures will be referred to as the typical
" pattern test and the monthly gap test.
! |
These screening procedures were developed to be both simple and yet effective '
discriminators between "good and "bad" data. Another requirement was that these
| tests could be done efficiently by a computer. Being simple and computer-efficient
was most lmportant because of the sheer magnitude of data requiring screening. At "
' the present time, for example, there are over 2000 continuous monitoring sites lo- .
cated throughout the country who submit data to the National Aerometric Data Bank !
* (NADB) located in Research Triangle Park, North Carolina. If each of these sites .
collected a complete year of data (8760 hours), the total annual data submission to
the data bank from these sites would be over 17 million measurements. Being effective’
~discriminators of "good" and "bad" data is of course important since it would be time
. consuming and costly to flag ''good" data and of course, disastrous to miss flagging
"bad" data. . {
'
I

DESCRIPTION OF SCREENING TESTS I
Although air quality is difficult to predict, genmerally 1t behaves within certain
natural bounds and exhibits fairly regular geographical, seasonal, weekly, and diurnal
concentration patterns depending upon emission and meteorological factors. The
screening tests discussed here attempt to discover inconsistencies in the data that ;
. wvarrant further scrutiny. For exampleé, the pollutant ozone, which is formed when
hydrocarbon and oxides of nitrogen emissions predominantly from motor vehicles are
. irradiated by sunlight generally exhibits lower concentrations during the night-
time hours and during the winter months. Nitrogen dioxide does not show as distinct
as seasonal pattern as ozone, but still has a well defined diurnal pattern. Generally,
nitrogen dioxide exhibits a distinct morning peak (8-10 a.m.) resulting from the .
- oxidation of nitric oxide emissions from motor vehicles during the morning commuter :
, rush. Pollutant concentration patterns usually behave fairly regularly and do not
' exhibit, except when under the influence of a strong local source, extreme hour to H
hour variation patterns. Likewise, high (1ow) pollutant concentrations usually result

| E
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. from & grhdual inEEéésé—kdec}géée) 1n concentrations rather than a sudden rise (fall).

! Table 1 shows six typlcal days of nitrogen dioxide (N02) hourly concentrations from a
site in Los Angeles, California. Note that the hours immediately following the .
morning rush hour are typically the highest for this pollutant and that the concentra-
tions show gradual changes in concentrations from one hour to another. E

These data screening procedures look for different types of inconsistencles in
the data. The pattern test look for extremely high concentrations never or very rarely
exceeded in the past and other types of unusual pollutant behavior. 0'Reagan®
discusses some very interesting screening concepts along these same lines. The gap
test looks for breaks in the monthly frequency distribution of the hourly pollutant
observations. An example for ozone of a significant break in the three highest
observations in a month would be: !

HIGHEST HOUR 2nd RIGHEST 110UR 3rd HIGHEST HOUR
929 ug/m? 929 ug/m? 374 ug/m3 )

i A brief description of the tweo screening procedures will be presented before they are
japplied to actual aix quality data. The typical pattern tests are not statistical
tests in that probalistic statements cannot be made about a rejected data point. They
" instead represent simple and practical ways to check for obvious errors in the data. !
Basically these tests can be classified into two main categories: E
i ~ tests which look for unusual pollutant behavior, such as
: exceeding some extremely high concentration, either never
l before exceeded or exceeded only very rarely based on past
"good" data and )
w T o MY U R [ ‘m - SRR
- a test which looks for unusually high values in the day with
respect to-the other values in the day.

More specifically, the testq'iook for the following typés of errors:

- hourly values exceeding an upper limit empirically derived
from prescreened historical data (Max Hour)

~ differences in adjacent hourly values exceeding an empirically
derived upper limit difference (Adjacent Hour) ’

- & single value being much different than the other values
in the day using a modification of the Dixon Ratio Test

- differences and percent differcences between the middle value
and 1ts' adjacent values in a I-lour interval exceeding certain
pre-derived limits, (Spike) and ;

- averages of four or more consecutive hours exceeding some pre- i
derived concentration limit (Consecutive Hour).

Table 2 gives typical upper limit check values used in the varlous pattern tests
for EPA's Region V, consisting of the States of Illinois, Indiana, Michigan, Minnesota,
Ohio, and Wisconsin. One of the main drawbacks of these kinds of tests is that ideally
these limits values woulc reflect a particular site, or a group of sites, having i
common air pollution characteristics. It is impossible to have individual limits
for each and every site. Therefore, some discrimination is sacrificed by merely
having a given set of parameters for all sites. Of course, 1f you are only interested
in screening data from a small number of sites, it may Indeed be feasible to have site
specific parameters. The pattern test outputs each day that contains at least one
hour that violates a particular test and gives the tests which were violated.

The frequency distribution gap test was developed to provide an even simpler means
of screening hourly data. The two main advantages of this approach were that the re-~ !
. sults could be put in a probalistic framework and that it could he applied universally
to all data without modification. In order for the pattern test to be optimally
effective, the limit checks would need to be varied on a site by site basis.

The theory behind the gap test 1s that unusually high values could be detected by
examining the frequency distribution of the hourly data for a given period of time,
such as a month, quarter or year. The test will be employed on a monthly basis in

~

1w
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these applications. The length of the gap and the number of values 'above the £ap
afford a convenient means of detecting possible errors. The exponential distribution
was used to describe the upper tail of the hourly pollutant concentrations and thereby,
provided the underlying theory for detecting significant gaps in the frequency
distribution of the hourly data. An example of the days flagged from the gap test
can be found in Table 4 of this paper. A detailed description of the test and its'
application to some actual air pollution data has been discussed previously,l

DATA BASE
Two sets of actual hourly air quality data taken from the NADB were screened
using both techniques. The two sets represent the pollutants nitrogen dioxide (NOj)
and ozone (03) from about 40 randomly selected sites located throughout the country
for the year 1976. There were approximately 100,000 hourly values for each pollutant.
It took less than 1 minute of computer time costing about $2.00 on the UNIVAC-1110
system for each data set to do both screening procedures

RESULTS

Overall the two tests rejected basically the same data from both pollutant data
sets. Of the 23 specific instances of rejected data, 18 of these were rejected by
both tests while the remainder (5) had onme but not both tests rejecting. The
instances where the tests substantiated each other are almost without question true
data anomalies while the rest of the cases are more doubtful anomalies. Table 3
gives examples of some of the data which were flagged by both tests. These data
represent days with either a single hourly anomaly or in some cases multiple data
errors. All told, 87 days (0.8%) out of over 10,000 days of data were rejected by
the pattern test while 21 months (5.0%) of data out of 409 site months screened were
rejected by the gap test.

Table 4 gives several examples of days flagged by the pattern test and months
flagged by the gap test where the two procedures did not flag the same data. All of
the days flagged by the pattern test with the exception of the Los Angeles day (June
23rd) probably contain errors. The specific hour identified as in error are under-
lined. The reason that the gap test did not flag these data is because in each of
these cases the errors represent hourly concentrations which were not unusual for the
month and therefore no significant gap in the monthly frequency distribution of
observations occurred. These types of data errors then represent typical values for
the month as a whole but they were unusual when they were compared with the data
values recorded around the data value in question. Both examples of data flagged by
the gap test will require further examination. The San Diego NOy data for August is
unusual, however, because of the missing data immediately following the specific data
in question. ’

CONCLUSION

Based on a limited, but yet representative set of continuous hourly NO; and 03
data, it has been shown that the pattern and gap screening tests mimic each other very
well In terms of the data rejected. There were only minor discrepancies between the
two tests. What is even more important is that both tests rejected data which in most
cases contained real errors. This was particularly true when both tests rejected the
same data. The overall rejection rate was quite low for both tests. Although all of
the hourly data passing the tests were not reviewed, what data was reviewed did not
reveal any obvious data errors that were missed by the tests. It is recommended that
the gap test be used as the initial means of screening large hourly data sets because
its' printed output is much less than the pattern test éenerates, particularly, of
course, in the case where a lot of data is in error. There is also .a slight savings
in the amount of computer time for the gap test. The pattern test then can be used as
a backup to substantiate the results of the gap, test or ‘to provide more specific out-
put about the days which contain errors.

It 1s recommended that these procedures be used by the agency collecting the data
instead of being used at the Regional or National (NADB) level. The problems of
verification and correction of data flagged can be done more efficlently and effec-
tively nearest the source of the data. Presently, the States of Minnesota, Ohio, and
Wisconsin are using these procedures on a regular basis.
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DESCRIPTION OF PATTERN TEST COMPUTER PROGRAM

This FORTRAN program consists of a main program and five subprograms
to screen hourly air quality data for unexpected departures from typical
patterns. The typical pattern tests are not statistical tests in that
probabilistic statements cannot be made about a rejected data point. They
instead represent simple and practical ways for checking for various
possible, and in most cases, obvious errors in the data. The tests
specifically look for the following types of errors:

- hourly values exceeding an empirically derived upper limit

- difference in adjacent hourly values exceeding an empirically
derived upper limit difference

- a value in a day being much different than the other values in
the day using a modification of the Dixon Ratio Test

- differences and percent differences between the middle value and
it's adjacent values in a 3-hour interval exceeding certain pre-
derived limits, and

- consecutive values of four or more hours exceeding some pre-derived

concentration limit.

The main program reads the standard hourly SAROAD card format, calls the
subprograms, and outputs to the printer the results of the screening procedure.
Listings of the main program and the subprograms are included following this
discussion. The input cards must be ordered by the date (year, month and day)
within each site, pollutant-method combination. Any number of site pollutant--
method combinations can be run back to back without any means of separation.

An end file (@ E o F) indicator or other end of file indicators on tape is I
used to signal the end of the input data set. The screening checks are



performed in the subprograms. There is a separate subprogram for each of the
pollutants considered: carbon monoxide, sulfur dioxide, nitrogen dioxide, and
photochemical oxidants. The fifth subprogram is used for checking the data
sequence of the inputted data cards. An example of the printed output is

shown in the table enclosed. The output consists of the site code, pollutant-
method code, year, month, and day, the hourly values for the day in gquestion,

and the test or tests which the data violated. Also, following the completion
of .a site, pollutant-method combination a line is printed out showing the number

of days screened.

Program Input

SAROAD raw data cards

Program Execution

On EPA's UNIVAC 1110, the following runstream will execute the program.

@ ASG, A TRRP*ADSS.

@ XQT TRRP*ADSS.PATTERN

@ ADD (your data file-cards)
@ Fin

Program Statistics

On EPA's UNIVAC, this program, 1like the gap test will process about
25,000 hourly values or 2,000 cards in approximately 30 seconds at a cost
of about $1.00.
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*x AIR DATA SCREENING SYSTEM (ADSS) CONTINUQUS TESTS #wn#x

DIMENSICN JITEST(S5) ,18(48) jIDATACTI?) ¢XDATALTIT)yADATA(12) ¢ XSITECA),
IXSITEO (L) AT (S) .
COMMGCN ITEST.IS.XSITE,IMO,NUM.SUM,SUMZ.YSITEG,]YR,IPDAY,IX
DATA ABLANK/” “/

DATA ABZ® °/

DATA ANEM/ X"/

ISW={

1IDYST=¢(

IDST="

1Sa2=!

IP6="’

I¢wz=N

ISw4=(

N=1 .

INU N

sum=(

sSume =i

€ +»*%x READ SARGAD HOUPLY DATA CARD w*h#an

C
C

C
C
C

Rk

[

IS

[N

+* BUILD TWO DAY ARRAY #a%aw

6o TC 5
YSITEO (1)=XS1TE (1)

XSITEO(2)=XSITE(Z)

XSITEO (¥)=XSITE (2)

XSITEOCLI=XSITE (&)

1FOLO=IPOL

IFTDO= IMTD

IYRO=IYR

IMOO=1M0

IDAYC=1DAY

READ (S ,2(C,ERD=175) (XSTTE(I),I=1,4),ITME,IYR,1MO,
TIDAY sISTHF 311 0L yIMTD s JUNITIDPy (IDATA(IY ¢J=1,12),(ADATA(J),3=1,12)
TalX

FORMAT (A% g A2 AL yCAZ T 1,412,17,212,17,92144T72,1204,T2,12)
pr 7 4=1,1:

TF(ADATA(J)SRELAELANK)Y GO TO 7

IDATA(JI=C5GS

7 CONTINUE

TFCCIPULONELPTI 1Yo ALD o (TFOL WNE GG ZA 1) AL (LIPOLLLE (4257 2) . AKT,
TUIFOLaNECLLYLT) At Do (IPOLNE4L2RT)) GO TC ©
TFCCIUNTITEQ. 7)o 0R S (IUNITLEGSiE)Y O TGO FC°

IF(IDP LEG. ) GO TO ¢

6C TC 25

6 TF(ISWAeEGLLL) GC TO 178

1¢

Ak
17
1¢

16

14

TFCOXSITECO(T) eEQeXSTTECII)oANDo(XSITEQIZ) oERXSITE(™))
TeAND o (XSTTEOQ(3) EQXSITECZ)) AND o (XSITED (L) EQoXSITE(L))
2eAND o ( IPOLOsEQeIPOL) eAND(IMTDOEO,INTD)) 6C TO &

1¢W2=1

60 TO 112

IF(N.EW.,1) 60 TO 12

0 TC 14
IF(ISTHR.NES. .Y G TO 17
GO TO i°

% CARDS OUT CF ORDEP #»dt%

1Sw2="

GO TC -

1c="

CC ¢ J=1,17
ISCJ4IC)I=ILATACY)
IHUAY=IDAY

N=2

G0 TC 4

IF(N.,FGs2) GC TO 2

60 70 I2

IF(ISTHR.NEL1E2) GO TO *7
IF(IHDAYJNELIDAY) GO TO 25
60 70 ¢4



APPENDIX C - Shewhart Test

This appendix contains additional information on the Shewhart
Test for 24-hour data. The following material is included:

(1) A copy of the paper, "The Shewhart Control Test - A
Recommended Procedure for Screening 24-Hour Air
Pollution Measurements,"

(2) A brief description of the computer program for the
Shewhart Test

(3) A Tisting of the Cobol computer program
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THE SHEWHART CONTROL CHART TEST - A RECOMMENDED
PROCEDURE FOR SCREENING 24-HOUR ATR POLIUTION MEASUREMIENTS

Introduction

At the present time there are over 8,000 air monitoring sites operated
throughout the United States by the Federal, state, and local governments.l
These sites collect approximately 20,000,000 ambient air pollution values
annually, which are sent to the U.S. Environmental Protection Agency's (EPA)
National Aerometric Data Bank (NADB) in Durham, North Carolina. The data are
primarily collected to measure the success of emission control plans in
achieving the National Ambient Air Quality Standards (NAAQS). As one might
expect with data sets this large, anomalous measurements slip through the
existing editing and validation procedures. Because of the importance that
is attached to violations of the NAAQS, a quality control test to ensure
the validity of the measurement of both short- and long-term concentrations
is extremely important.

A series of quality control tests have been examinedz—4 to check ambient
air quality data for anomalies, such as keypunch, transcription, and measure-
ment errors. The Shewhart Control Chart Test® has been selected to screen
24-hour air pollution measurements. This paper discusses its application to
three major pollutants—-total suspended particulate (TSP), sulfur dioxide
(807), and nitrogen dioxide (NO2). The Shewhart Test is applied to data
from monitoring instruments which generate one measurement per 24-hour period
and are operated on a systematic sampling schedule of approximately once
every 6 days. 1In the cases of S02 and NOy, there are also continuous moni-
toring instruments, which monitor the pollutants constantly; but our discus-
sion here is concerned only with 24-hour data. The application of the test
results in flagged data which need to be verified as either valid or invalid.

A computer software program, the Air Data Screening System, has been
written in the computer languages COBOL and FORTRAN. This program incorpo-
rates the Shewhart Control Chart Test. It has been successfully applied to
data collected in EPA's Region V, which encompasses the states of Illinois,
Indiana, Michigan, Minnesota, Ohio, and Wisconsin. In terms of population,
it is the largest of EPA's regions, and there is extensive monitoring of the
above pollutants. The purpose of the Region V evaluation is to determine
whether the data flagged by the Shewhart test are valid or invalid and to
identify, if possible, the source of the error.

This paper will discuss the flow of data from the state and local govern-
ments; the data-editing process; the basic characteristics of the data; the
application and evaluation of the Shewhart Test; and the computer software
program, the Air Data Screening System (ADSS); it will conclude with our
recommendations.

Data Flow

Most ambient air quality data are collected by state and local air
pollution control agencies and are forwarded via EPA's Regional Offices to
the NADB. A considerable amount of data is forwarded——approximately 20
million air quality measurements a year. The data are sent quarterly in a
standard format® that specifies the site location; the year, month, and day
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of sampling; a and the measurement itself (24 hour or l-hour value) 'in micro-
grams or milligrams per cubic meter (ug/m3 or mg/m3?) or parts per million
(ppm). A corresponding site file contains descriptive information on the
sampling-site environment. EPA edits the submitted data, checking for con-
sistency with acceptable monitoring methods, and other identifying parameters.
In the data-editing program, air quality data with extremely high values are
flagged. Data that do not pass these checks or that have values exceeding
certain predetermined limits are returned to the originating agency via the
Regional Office for correction and resubmittal.

Unfortunately, with data sets this large, there are still anomalous
measurements that slip through the existing editing and validation procedures.
Therefore, there is a need for a simple cost-effective statistical test
that can be applied to the air quality data by which to detect, primarily,
obvious transcription, keypunch, and measurement errors. Statistical tests
do not eliminate, however, the need for more intensive quality assurance at
the local level. For example. inadequate calibration procedures or similar
problems that result in measurement bias will not be detected by our statis-
tical procedures, which are intended primarily for macroanalysis.

Basic Characteristics of TSP, SO, and NO9 Data

Basic characteristics of the TSP, SOp, and NOg data were considered in
selecting the quality control test being used. To begin with, the test was
applied to data which were obtained_from monitoring instruments that generate
one measurement per 24-hour period.7 For such monitoring methods, EPA
recommends that a systematic sampling procedure of once every 6 days, or 61
samples per year, be used at a minimum to collect the data.8 Such a sampling
procedure generates data, which for our purposes, may be considered as
approximately independent.

In examining the distributional properties of the data, past research
has shown that ambient TSP concentrations are approximately lognormally dis-
tributed.g’10 This is sometimes true for S0, and NOy, also, but is not always
the case.

In selecting the quality control tests, the averaging times which corre-
spond to the NAAQS are important. The values of interest are the peak con-
centrations (24-hour average measurements) for TSP and S0y, and the annual
means for TSP, S02, and NO,.

The final data characteristic of importance is the seasonality of the
pollutants. As an example, in some areas of the country, TSP and SO, measure-
ments are highest in the winter months and lowest in the summer months.
Therefore, the factor of seasonality had to be considered in the selection
of the quality control test to minimize this as a possible source of error.

Shewhart Control Chart Test

The Shewhart Control Chart Test5 can be used to examine both shifts in
monthly averages, as well as shifts in the monthly range. From the former it
can detect possible multiple errors and from the latter, single anomalous
values. In this test the data can be divided up into what Shewhart called
rational subgroups.ll In a manufacturing process the subgroups would most
likely relate to the order of production. Ambient air quality measurements



