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PREFACE

The Monitoring and Data-AnalySis Division of the Office
of Air Quality Planning and Standards has prepared this.
guideline entitled "Guidelines for the Evaluation.of Air
Quality Data” for use by the Regional Offices of the Environ-
nental Protection Agency. The purpose of the report is to
prov;de guidance 1nformatlon on current air quallty data .
evaluatlon techniques. Adherence to the guidance presented
in the report will, hopefully, ensure mutually compatible
ambient air quality data evaluation by all States and Reglons.
Further, any risks involved in policy decisions concerning
National Ambient Air Quality Standards should be minimized.
This report will serve on an interim basis until more
specific and detailed guidance on this subject is developed.



INTRODUCTION

The purpose of this guideline document is to present
the basic clements of air quality data analysis that are

essential in preparing reports describing the air quality,

"status of a given region. With this aim in mind, emphasis has

been placed upon describing both the conventions and the

methodology to be employed with minimum discussion of the

| associated statistical.theory. Much of the material that

is presented has been treated before but for the saké of
completeness, is reitératéd in this document with appropriate
references indicated.
Since the phrase "air quality data" covers a variety
of possible data sets, it is convenientvto indicate the
exact nature of this phrase as used in this paper. For presept
purposeé, the term "air quality data" refers to a set of ob-
servations for a particular pollutan# @aving the following
properties:
l. All measurements were made at thé game site,
2. Uniform methodology was employed. |
.3. All measurements have the same averaging time.
It should be noted that the statistical treatmehts.§escribed

here for such a data sgt'constitute a minimum effort. There

-are a variety of more sophisticated techniques available that

could be used to extract more ipformatidh from the data. In

general, the degree of;effort devoted to data analysis should



be consistent with the value associated with the data;ﬂ This'
¢an be VlLWOd in flnancial terms as cost of data ana1y51s
'vorsus cost of data’ collectlon or cost of data analysis versus:
potent1a1 cost of control strategles;“ete:i In most cases;

the extent of the data analysis phase is deternined by a sub-
jective judgment of what is appropriate. Tt should be noted
that no matter how exten51ve the data ana1y31s effort is, the
-end result can be no better than the orlginal data. Thls |

oin t is pattlcularly lmportant because throughout the follow1ng

‘U

_discussions no analysis is made concernlngvthe errors inherent
.ln the measurement method. ' Therefore, it is essential'that
the air quality data analyst be aware of the shortcomfngs'in
the data and the conelusions that'are "statistieallv-signifi—
cant" be carefully evaluated to determine if they are "really‘
jﬁsignlficant " | | |
BASIC CONVENTIONS FOR HANDLING AIR QUALITY DATA

Before discussing the-analysis of air'quality data,ﬂit
is essential that certaln basic conventions be presented for
handling ‘the raw data.: These conventlons are introduéed to
'prevent the a1r quallty summaries from appearing to be more
\accurate than the data warrants. These conventions have beenﬁ
vdiscussed previously” (Nehls and Aklan’”11973) and are rcpeated '
‘here since they are the procedures prescntlv employed by" EPA o

in maintalnlnq the National Aeromctrlc Data Bank.;



2.2.

The two topics treated in this section both relate to
tﬁe relative precision.of the raw daté with respect to the
methodology employed in obtaining theémeaéurement. The first
topic concerns the number of significént figures that should
be reported whilg the second deals wifh values that are below
the minimum detectable limit.

Significant Figures f

The number of significant figures that are meaningful
for a particular air quality measurement is limited by the
methodology employed. To use more significant figures than
is warranted by the sensitivity of the analytical procedure
adds no real infoimation and can often be misleading;

Table 1 presents the suggested reporting accuracy for raw data
for various pollutants. While the conventions apply to the
raw data it is also useful to specify the accuracy of geométric
and annual means. For simplicity, thé general convention is |
that all means be reported to one more significant digit than
the raw data.

Minimum Detectable Limit

Some reported pollutant measureménts are below the limit

of detection for the analytical procedure. In such cases,

|

the reported number should be viewed as representing a range
|

from zero to the minimum detectable. 'However, in order to

use such data in computing annual summary statisties such as



TABLE 1 -° SUGGESTED REPORTING ACCURACY FOR RAW DATA
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.CHARACTERISTIC PATTERNS - OF : AIR QUALITY DATA

geometric means it . 15 convenient to have a convcntion 1ndi-‘"
cating what value should be substituted for a measurement
below the minimum detectable.‘ As a general rule, -each valueh
below the minimum detectable is- replaced by a value approx1-'n
mately equal to one-half the minimum detectable. Table 2 |
1ndicaims selected minimum detectable limlts used by the
Natxonal Aerometric Data Bank (NADB) for various analytical
methods. A complete listing may be obtained from the National
Air Data Branch, EPA, Research Triangle Park, N. C. 27711.

The mld-pOlnt substitution was selected after examining the

'statistical distribution of the data (Nehls and Akland, 1973)

TIt should be noted that. 1n comparing data over several years,

a standard minimum,detectable should be used unless it has
changed by an order of magnitude. |

In preparing summary statistics, if more than 25% of the

Observations are less than the minimum detectable no statistics

‘are computed from the data.

i

Before summarizing any data, ‘some thought should be given
to the characteristics of the raw data. This is particularly
true of air quality data for which strong seasonalnand diurnal
patterns may effect‘the interpretation.of'the data. For

example,’ the maximum hourly oxidant value for a year based on

-4, 000 observations could haVe completely different meanings,

depending upon whether the obServations were made pximarily

during the winter or -the summer.'<This section presents



TABLE 2

“MINIMUM DETECTABLE LIMITS FOR SELECTED MEASUREMENT TECHNIQUES

Pollutant .
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Analysis Method

-Units
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3.1.

3.2 . .

examples of some of these patterns. The analysis 6£‘£hese
patterns can fréquéntiy be an end in itself since they pro-
vide insight into the behavior of the pollﬁtant. An awarencss
of these patterns also brovides a means for screening the,data
for anomolous values. It should be hoted:that while the
following discussion is genera;jin nature, the characteristic
pattern at a given site is a function of local factors such
as emissions and meteoroloéy:and as a consequence dharactéristic
pattern may be specific to thaf site srllocality. |
Seasonal Patterns | ‘

Figure 1 displays gféphs of monthly averages~f9; vari@us
pollutants at a particular site. Superimposed on these graphs

is a smooth curve selected to emphasize the long texm trend in

the data. Figure‘z displays smoothed curves illustrating the

seasonal patterns.in the data. The intensity of the seasonal

pattern for a particula: pollutan£ may vary from site to site
within an area depending upon factors such as.p:oximity to point
80urces, A knowledée of the seasonality of a pollufant can
provide usefu; information for interpreting the data since it

suggests the season in which maximum qoncentrationsﬁwquld be

expected.

Diurnal Patterns .

In addition to seasonai"patterns\some pollutants also have

pronounced diurnal patterné.'hThése pattérns'may‘be'due to

factors such as solar radiation, traffic dénsity, ete. which

influence pollution levels.
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3.3..

4.

'assumptlon regarding alr quallty data(Larsen, 1971).,

fybjceir1e90]"und pcak 1evels.' This Scction diucuqses

10

rable 2 uummwrivvu the l)/] oxidant data for thc Downtown

~LosznguleIGitn‘ prrated by los Anqo]o" Alr lollution Control

l .

h' .

'dard was exceeded is’ prnsented by month and houm of the day

rThe marq1nal totals: indicate both the dlurnal pattern and thé

seas onal pattern.

Prequency Distributions .a' ﬁ. 4 SEERRS i
One chnracterlstlc pattcrn of alr quality data that ls"

partlcularly 1mportant becomes apparent after examlnlng some

frequency dlotrlbutlono. Many quantltles are'asqumed to have

a symmetric dretrlbutlon about the average such as the normal

dlstrlbutlon. Flgure 3 shows the frequency dlstrlbutlon forv

total suspended partlculate data from Philadelphia. It 18,5
apparent that this dlstrlbution'ls not symmetric.' However,~'

Figure 4 shows the frequency dlstrlbutlon for the logs of

thls .game data. The dlstribution is more symmetr:c and may

be dpproxlmated by a normal curve., Data hav;ng this property

is sald to be log-normally distrlbuted and this is q epmmon~.?:'

Y
s

1;' .

SUHMARIZING AIR QUALITY DATA

by

In preparlng a summary of air. quallty data, one of the

most important steps is to determine the purpose “af the

summary;, The usual use of thc ol uummaries is to iqqicate

‘chtrlct Ciphe nunbc{ of trmcs thaL the nutlonu] oxxdant Lan-;a

e . R L
g . . e, L e
4 ,4_.~.. ., 3 ” . ,K LA (A

% ’ .--\l: -

-y

'oomu of the bxulc qtqtlstics that can be used for this’ purpo»e.,



.TABLE 3 NUMBER OF HOURS ABOVE OXIDANT STANDARD
BY MONTH AND TIME OF DAY (1971 DATA)

DOWNTOWN LOS ANGELES

: TCTAL BY
M1 23 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 ONTH

1T

72 1 2 2 3 8
T3 1 4 4 4 3 16
1R 1 1 13 .3 2 1 12
272 4 6 8 8 7 71 31 44
' | 34 4 3 1 1 16
T 1 2 9 912 12 11 6 2 1 65
TUL 2 13 1918 15 11 4 1 | 83
e 2 8 1716 16 7 3 1 | 70
5227 3 6 1010 10. 6 1 46
30T 275 9 6 2 31
oV | 1 1 2
2TC

2UIAL BY

HCUR S 11043 7382 8 59 31 7 3 o 393



FIGURE 3"~ FREQUENCY DISTRIBUTION - TSP (PHILADELPHIA-1969)
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is usually what is meant.-f“f"

13

The first two subsections discu°= the treatment of. typical

and. peak values.‘ The third dlaCUqSLS tho range of the data.

_Indlcating T}pacal Va]uesv,

This section ClSCUSSLS the arithmetic mean, the'median;

and the geometric mean as indicators of typical values._ The

arithmttic mean and the modian are frequently used in air
pollution tudiﬂs because of certain propc1t1es of-the lOg-nOLNdlr
distrihution.' In ch0051ngﬂthe appropriate statistic,'the purpose
of the summary:must be‘considered. Whiie all three may indicate
typical values,.if the'pdrpose'of the summary‘is-to compare

the data to the National Ambient Air Quality Standards, then

the standard suggests the appropriate statiqtic.‘ A commonly
used sLatistic ‘to 1nd1cate typical values is the mode. The

mode is the value that occurs most frequently._ ‘The use oflthe
mode is not discussed here‘since it is freQuentiy of little

value in summarizing air quality data. For example, the mode

for oxidant could be near the minimum detectable due to low

values throughout the night..~

Arithmetic Mean‘"

Given a set of n observations, say xl' Xz,’;;;; X_

nl
-the arithmetic mean is simply % . |
R R in
N i=1

When the term "average" lS used the arithmetic mean )

M .
¥
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Madia

The medlan is the’ mlddle vulue o[ the. data.lffﬁatfug
lS if the data is ranked in order of mqgnltuue so that -

< X, then the medlan is X ' 1f n is odd

,n+l

1-‘-X

2 « o0

+ x-11 + 1 :> 1f n 1s even.
2 vt '

2 4 ) ,
The medlan is. a convenlent statlstic that is not
influenced as much as the arlthmetlc mean by changes in the

extremely high or low values of the dlstrlbatlon.b4,_

Geometxric Mean

o Given a set of.n‘observations, eay X0 xz',ﬁ. %n’
the geometrlc mean is g = (X1 2...X ) / . | |
Slnce this probably is the least intuitive of the
statistics presented, it is worthwhlle to‘dlscues lt”in‘
more detail. a ' | d | '
| 1f distrxbution 18 symmetrlc, such as . the normal
distrlbutlon, ‘then the expected value of the arithmetic mean_.
and medlan are 1dent1cal However, for a log normally -
dlstrlbuted varlable, it is the expected value of the goometric
tTherefore, since some alr pollutants have a distributxon that
is approxlmately log-normal, the geomctrlc mean bagame used as
a convenient method of summarlzing_the data andlfor tqte%
suspended particulate, the annual standards arejexpreseed;ée"l

geometric means.



Is an alternate computational formula, it should

be noted that

S

log g =
, i=1 l=1 rgm

Indicating Maximum Values
2s in the previous sectlon, the purpose of the summary

is a critical factor in detoiminlng the appropriate statistic.

Maximum values may be indicatod by ll ;ting the maxumum and/or

the second highest value._.The second higheSt.value~is important

since - compliance w1th the short-term air quality standards isl v

determined byuthis value. However, there are - other statistics -

“that are useful for indicating max1mum values._ Thepuunciple

difficulty with using the second highest value is that it does. .
not allow for differences in sample sizes. For ekample, if

two monitoring deVices are 31de by 81de and one monitors every

4 day of the year while the other monitors only every sixth day,

it would be expected that the second high value for the every
day device would be higher than the every sixth day device
even though both monitored the same air. Table 4 illustrates

how the second high value may vary depending upon different

sanpliwg frequenCies based upon total suspended particulate
datu fzom a Philadelphia site that sampled daily; o

. To allow for this dependence upon sample éiz& :
percentiles are sometimes used to indicate maximum values.

For exzmple, the 99th percentile m:ght be used for hourly

data while the 90th night be appropriatc for daily measurcments, .-



TABLE 4 MAXIMUM AND SECOND HIGH VALUES ( PHILADELPHIA—IQGQ) e
' FOR VARIOUS SAMPLING SCHEMZS . S

Saﬂpllng Schedule - Observations -A'MAXimumi' . Second Highest .-

Eve*yazv S 365 - - 325 o044

- Every’ Slxth Day o l».Gll.an 219
" ) 61 - . 195
" o y .61 - . 244
St L 61 .- 215

n o - 61 . - 325

‘n i : - 60 s 239

Every Flfteenth Day g..gg’v e A°”"-§g§‘ R
L2570 T R TT39 Tl
725 L % T . 219

257 Ty e 234

24 . 201

- . 24 - 215
S 24 195
T . a " 1283

24 - 1185
S g e o 240 0 2160

S 24 L 288
247775 7 915
2A4 I 179 .. L e
24 . 238 0 - T

2 23 3'3 3 33 $ 33 3 3 3
e N [
N
=3
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By using a percentile valug, allowance is made fo;-varYing
sampling frequencieS'fxom_site to site and ycar to yéar.
Table 5 indicates the 90th perceﬁtile for the-sqmpliﬁg
schedules used in Table 4. | .
Indicators of Spread

In addition to an indication of typical and peak values,
it is also desirable to have a measure of how variable the
data is. Did it fluctuate widely or were all vélues fairly
uniform? The customary statistics for this purpose are either
the arithmetic standard deviation Qf the geomet:iC'standard
deviation. Ranges or perccntiles'could also be used.dependingh,
upon the desired use of the summary but they are not discussed;
The basic formulés for the arithmetic and the geometric
standard deviations are given below. |

Let Xl, Xz, ceey Xn be a set of n observations.

~ Then the arithmetic standard deviation is:

'n
s = [-]-'- b (x.-§)2]l/2 where X = 1 ZE.. Ry
S T B nog=1

and the geometric standard deviation is

n

54 = EXP [-l- & (ln X, - lng2] 1/2

noog_ i
i=1

where g is the geometric mean.

MAKING INFERENCES FROM AIR QUALITY DATA
Once the air quality data has been summarized, it is in a
convenient form to be examined so that conclusions can be made

regarding air quality. At this point the data is either



TABLE 5 GEOAETRIC MEANS, MEDIANS, AAD '90TH PERCENTILE VALUES
' o ‘ FOR SRMPLIN DATA OF TABLE 4 4

Samplihq;séheduie - Observations Geowmetric Mean . Median 90th Percenfile

Everyday - 365 102.6 - 97 171

Every Sixth Day S - S ' 29,3 _ 105 162
- | ! - 95.2 ‘ 93 155
61 - 113.6 113 188
6L . S107.2 101 2177
61 . _ 106.4 . 105 171,
60 e . .%4.7- - 24 : 123

ﬂzs” S 2010042 v 11T 0 : 175,
25 g § U 34 TN 21 .. .- 138
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extremely useful or extremely dangerous ddepending upon the
c¢quality of the summary. This scction discusses these infersnces
to illustrate the potential dangers that can. result from in-
adeoquate swummaries., - Yor convenience, the discussion is divided
into two parts. The first deals with inferences about a
particular site while the second deals with infcrcnces about
a region.
Inferences About a Particular Site

This section discusses inferences that can be made about
a given sitz from one year's data for a particular pollutant.
Since any coaclusions based upon the data can be no better
than the data itself, the most important part of the summary
is to decide if the data gives adequate annual coverage. This
relates directly to the previous discussion of characteristic
patterns, If an annual average is to be computod from the
"data, *hen it is essential that all porflons of the year be
represented egually. An examlnutlon of the seasonality that
exists for certain pollutants shows why this is essential. h
As a convenient rule, it may be assumed that if each calendar
gquarter contains at least 20% of the total observations then
the sample is adequately balanced. If this is not the case,
then a more appropriate way to determine the annual average is to
use a weighted mean calculated as follows:

(1) dctermine the average for each quarﬁer'and
(2) compute the average of these four quartérly averages.

While the previous constraint applies to the seasonal balance
of the sample, it is also essential to. have a restriction on
the minimum number of observatlons that are requ1rod to computé
an annual msan.  Such constraints are cmployed in the National
Aerommtric "z+a Bank system (:lchls and Akland, 1973) and to

maintain uniformity, they are ropeated here. Tor continuous
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reasurcemonts at least 75% ef the total possible observations
should Ixe prescnt before surmary statistics are calculated.
The exact requircnents are given in Teble 6. Tor intecrmittent
sampling data, thore must be at least five observations

per quarter and if one month has no observations the remaining
twvo months in that quarter must both have at least two obser-
vations. While these conventions are used in general, it is
of course possiblce to modify them for certain anplications.
For the most part the general intention of these restrictions
is to ensure that the observations are sufficiently recpresen-
tative of .the entive year to calculate an annual mean. For
peak value statistics such as the number oé times a cortain
value is exceeded the constraint is not essential in showing-
violations. For example, two hourly oxidant values in excess
of the standard is sufficient to show non-compliance even if
there werc no other observations that year. Nevertheless, to
assess the extent of the problem, data sufficient to mect the
requirements for determining a-mean would be'advantageéus
although for seasonal pollutants it could suffice to summarize
‘only particular quarters or months.

In discussing the infe¢rences that can be made from a given
sample, it is worth observing £hat while the annual mean can be
eithef under- or evef~estimated the maﬁimum and the second
high values can only be underestimatod assuming no instrumental

error. Tor example, if a simple hypergeometric probability



TABLE 6 SUMMARY CRITERIA FOR CONTINUOUS MEASUREMENTS

Time Interval

Minimum Number of Cbservations

3-hour running average
8-hour running average
24-hour

Monthly

Quarterly

Yearly

3 consecutive hourly observations
6 hourly observations |
18 heurly cbservations

21 cdaily averages A

3 consecutive monthly averageé

9 monthly averages with at least
two monthly averages per guarter

%4



N

wodel is cssumaed, Table 7 shows the probability of detecting
violitions of tho short-term standard ‘as a function of -

sampling frequency. From this table it may be seen that if

Lt i
1y

;samples are takoﬁ cvery sixth day the probability of detecting
" two excursions above the standard is less than 50% unless the
site actuvally exceeds the standard 10 days per year. This
illustrates the weaknesses associated withidctcrmining maximum
values on the basis of intermittent sampling.

Two possiblc solutions to this problem are (1) to
inﬁensify sampling schedules or (2) to use 'mathematical
equations to extrapolate from the data ﬁp predict maximum
valucs. At the present time, there is ﬁb convenient predictive
formula that can be applied on a general basis té give sufficicently
accurate maximum values. As a guide, the predictive formula
developed by Larsen (1971) based on the logfnormai distribution
may be used to determine the possible magnitude of the under-
estimation due to intermittent sampling., Qowevér, this
empirical model assumes log—normality aga indeendencé and

 should ﬁot be used to determine compliance ‘with the standérds
since its predictive adcﬁraéy has not béénifully,documented.
5.2. Inferences About a Region .

Onc¢ conclusions have been made for'eéch site in a fegion.
the,ncxt sfep ig to draw éonclusions concerning the rcgion.‘ If
any one of the sites exceeds the NARQS then the region is not

in compliimce. It should also be pointed out that the worst



THABLE. 7 - PROBABILITY OF SELECTING TWO OR MORE DAYS WHEN SITE

Actuzl no.

IS ABOVE STANDARD

Sampling Frequency - Days per year
, Y3 1

of excursions 61/365 122/365 3/365

2 .03 .11 25

4. .13 41 .69

6 .26 .65 .89

8 .40 .81 .96

S 10 .52 - .90 .99
" 12 .62 .95 .99
14 71 .97 .99
16 .78 .98 .99
18 - ©o.83 .99 .99
20 .87 .99 .99
22 - .91 .99 .99
2 .93 .99 .99
26 .95 .99 .99
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site in the region may still uhderestimate the magnitude of
the air pollution prbblbm. The only way in which a site may
ove: 2stimate the ailr pollution problem is if it is not
reprasontative of the air to which receptors are exposed. There
are cuidoline documents discussing this subject. While it is
rel:o tively casy to compare the.uir quality in a region with
the WAROE it is not so easy to compare one region with another.
For eiample, one region may choose to concentrate most of its
monitorinrg efforts at sites having high pollution potential while
anoll:er ragion may have numerous sites monitoring backgroﬁnd
levals. Thercofore, extreme caution should be used if such
comparisons must be made and particular attention should be
givgn to the mplacement of ménitoring sites.
som:a Statistical Yests

When making infefences from air quality data it is frequently
necessary te have some objective means to make judgments. This
is the point at which statistical inference becomeé useful. The

previous treatment has used statistics merely for descriptive

purposes in order to conveniently summarize the data. The
murpose of statistical inference is to objectively substantiate

&

generaliczations made from the data. For this reason, two basic

statistical tests are ‘discussed.

Vhile thoese statistical testis are relatively straight forward,
a cartain dacrea of caution is required regarding the underlying
agwumptions that determine their validity. Since one of these

assunptions 1o varticularly important in applications dealing
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with air quality data, it will be discussed in detail.

In statistics, it is commonly assumod that thc data to bo
analyzed is a random samplece of all the data and that the
measurcnents ave independent.  While this may be approximately
true for intermittent data collected on a sampling scheme com-

parablekto that cmployed by the NASN, it may not be true for.

all samples. For the most part, these statistical assumptions
arce merely a mathematical formulation of conmmon sense ideas.
Certainly, if data were only collected on Sundays, it would
not be expected that the average of‘theée numbers is truely
representative of the annual average. Sampling gchedules that
only nionitor certain days of the week result in_non-random
samples and their degree of usefulneés is inherently limited.

The problem of independence is somewhat more subtle. TFor
example, successive hourly oxidant measurements are not in-
dependent. While the concept of statistical independence

may be clearly defined in mathematical terms, it is possible
to present an intuitive notion of what it éntails; Two | |
numbers may be thought of as being indeﬁendent if knowing

one of the nﬁmbcrs does not help in guessinnghat the other
number is. The classical éxample of this is roliing dice in.
which knowing what number occurred on one die does not iﬁprovg
‘a guess of what number occurred on the other. With this in
mind, it is apparent that knowing one hourly oxidént value

helps in guessing what. the next hourly value will be. It
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shouid Be noted fhut'it‘is not nocossdry thqt‘it'makc the
guégé a certainty-only that it improve‘thé.Chances of guessing
corrcctly.

With the idaas of randomness ond independence in mind, it
is possible to presen£ two statistical techniques that are
generally useful in practice. The first test is commonly known
as studcnt's t-test and is useful for examining the mean. Thev
second test is thc non=-parametric quantile test and despite
the rather elegant name it is a convenient test for ﬁhe médian
and other percéntiles and is very casy to usé.
Student's t-test |

The Student's t-test is a commonly used statistical test for
data that may be assumed to be normally‘distributed. Aé mentioned
earlicr, air pollution is frequgntly assumed to be log~normdliy

distributed so that the t-test may be employed to examine the
logarithms of the data. The application of this technique to

determipc confidence intervals for annual goemetric means has
been discussed by Hunt (1972) and is briefly treated here. This
present discussion examines construction of a confidence in-
terval for an annual mecan. Extensions to comparisons of two

means may also bo ﬁerformed but are not tréatcd here since the
approach is almost identical and can be found in basic statistical
‘texts. More general tests coﬁécrning trends at a site are ex-
amined in the guideliné document for trend analysis.‘5

The basic application is thot a sct of data from an interniitent

monitoring device has been obtained. This data has been used

to detorwine the annual geometric mean.  Since this data re-



27

prosents only a fraction of the totol number of days in the vear,
the question arises as to how close the mean of the data is to

the actual annual mean. The statistical technique prloycd for
this purpose is the confidence interval so that a probability
statement may be made regarding the range of the true annual
mean.

To.calculate.a 95% confidence iﬁtcrval for the gceometric

mean, the interval is first constiucted for the arithmetic mean
of the logarithms. To do this, the following calculations

are noccessary:

' 1
Let Xlog = niil log x5 , Where n is the sample size
) “n :
. _|.m = 212

‘Let a'= tl a/2 :l?ﬁ (1;31)l(2 where t1 a)z'is dﬁtéinéa
:?V,ttom a tablo for Student s t- tcst where l-a is the con-
fidence level and N is the possible number of samples
¢.g. 365 for daily *ﬁmpleQ.
Then tLhe lower and upper confidence intervals for the geometric

mean, denoted as L and U respectively, are given by

L = EXP(X

log = d)

il

and U = EXP (X + d).

log
It should he noted that in the above formulas the finite

- e 3 S n . ] . . .
corrcction fdpLOl,(l'ﬁ), was used since it is assumed that the
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population size is. finite rather than infinite. For cxample,
in cénsidcring daily measurcements it is &ssumcd that the
population size is 365, i.c. the tothl nuﬁber of da§s in the
yecar.
Non-Parametric Quantile Test

In discussing the t-test it was pointed out that it is
nccessary to assumnme that the logarithms of the air pollution
mcasurciients are normally distributed. In some cases, it may

not be desirable to make this assumption. For example, an

.examination of the data may show that such an assumption is

unwarrantced. For such cases, non-parametric statistical tests

are appropriate since they do not require any assumptions

iegarding the form of the underlying distribution. Morcover,

‘non-parametric tests are frequently quite éésy to ‘employ since

hany of ﬁﬁe éqléﬁlations are relatively simple.'_A»variety

of non—paramefric tests are gvailable; A morc detailed des-

cripfioﬁ of the teSﬁ discussed here is available in the text'
by Conover (1971). |

n Quantile‘is a more general‘term than percentile. Fof the

present discussion, the test is used to examinc the median but

it may alsgo be applied to any pércentiles or quantiles. It is

also assumed that there are more than 20-observations since

this is generally true for air quality problems and reduces

the need for tables.
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Let » Nor eeny X be a sample of air quality mcasurcements

<y
and suppose it is desired to test if the annual median is
greatcer than a specific value, say s.

Then it is only neccﬁsary to calculate thé following two
values: |
T = the number of sample values less than or'equal to s
t

and = pn o+ w, u/np(l—p) , where n is the sample sizc p is:

the quantile value and v, is the o gquantile of a standard
normal random variable.
For tests at the .05 level w, is - 1.645.

For tests concerning the median the quantile value is .5

so the above formula becomes

t = .5n - 1.645 /.25n

= .5n - .822 [n .

~

If T is less than t then the conclusion may be stated that
"the median is greater than s" and that the result was dbtained

by employing the cuantile test "at the 5% level."

Basic Means of Obtaining Air Quality Data
One station continuously monitoring oxidant can produce
8,760 observations. Therefore, considerable cautionAshould
be exercised when requesting air quality data since there is
a considcrable risk of being. inundated with unnecessary numbers.
Usually when questions arisce concerning air quality, the answer
may be given in terms of summary statistics and it is not necessary

to review the raw dota. Certain basic sources include the various
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periodic reports from State and local agencics as well as
;
TPA's reports on the NASN and CAMP monitoring cfforts.

Ovarview reports with extensive appendices such as The National

Z.ir Monitoring Proagrom:  Adx Quality and Imission Trends Annual

‘The National rcrometric Data Dank providces many
sunmary filos that may be accessed by time sharing tcxminals.
In addition, the NADI provides printouts containing gencral
information that muy bho easily lookéd up Qitﬁ no need to
access the computer. Table 8 lists frequent questions and a

readily available source.



TABLE 8 NADB OUTPUT FOR COMMON QUESTIONS ON ATR QUALITY

XY 1.4
ST EZLA0Nn

¥hat data 1s available nationwide for a
particular pollutant?

Woat ¢xta is avallable for a particular
geographical region?

What was mean value at a site (annual)?

How many observations (annual)?
tatus of a site with respect to NAAQS?
requency Distribution

.Quarterly or monthly data

Raw data
Description of the site such as UTM coordi~
nates, county, operating agency, etc.

. -

Sourca

Inventory by pollutant .

Any inventory -
if velilid year

Any inventory
"Standards Progran"

Time Sharing Option (TSO)

1t
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