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INTRODUCTION

State and local air pollution control agencies have begun
i npl emrentati on of an anbitious new program ( Federal Register,
1993) to nonitor ozone precursors in ozone nonattainnment areas
desi gnated as serious, severe or extrene. |In addition, the new
net wor k of Photochem cal Assessnent Monitoring Stations (PAVS)
wi || supplenent existing nonitoring networks with new data on air
t oxi cs and net eorol ogi cal neasurenents needed to interpret
pol l utant transport and accumul ation. Data fromthe PAVS network
will provide air quality planners with vital new i nformation
needed to understand and control ozone precursors and toxic
organics nore effectively.

PAMS data wll ultimately be used to neet a variety of
specific data objectives such as corroboration of em ssion
inventories, refinenment of nodel inputs, and enpirical eval uation
of trends and ozone precursor relationships. Prelimnary data
anal ysi s plans have been proposed (Stoeckenius T. E., et. al,
1994) for beginning such analysis, with enphasis on first steps
to explore and eval uate the consistency of VOC speci es.

The purpose of this workbook is to describe exploratory data
met hods useful in prelimnary investigation of data coll ected
fromPAMS. In essence, this workbook illustrates a condensed

sanpling of "first |ook" analyses which will becone part of a



much broader set of anal ytical approaches to achieve stated PAMS
obj ectives. Since many of the specific analytic nethods are
presently evol ving, supplenentary guidance will be provided as
these data anal ytic nethods mature. While the nethods in this
wor kbook are not new (Hoaglin, et.al, 1983 and 1985), they have
been tested (Stoeckenius T. E., et. al., 1995) and should prove
useful in evaluating data consistency and potential data
"outliers".

The anal ysis and graphics were produced using SAS ( SAS
Institute, 1993) or S-PLUS (Mathsoft, 1993) running on a 486-
based PC under M crosoft Wndows 3.1. SAS was used because it is
supported by EPA while S-PLUS offers a | ess-expensive alternative
with a wide range of robust statistical nethods useful in
expl oratory anal ysi s.

Since the enphasis is on exploratory analysis, the graphics
shown in the workbook are not "presentation"” quality. Most of
the graphs are typical of those that m ght be produced through
interactive analysis at a termnal followed by production of a
wor ki ng "hardcopy" for subsequent review by other anal ysts.

The reader is assuned to have sone know edge of the PANMS
program and the type of data produced. The data used in this
anal ysis were collected at a "type 2" PAVMS site in Baltinore
Maryl and during the summer of 1993. The raw hourly data were
retrieved fromAIRS and mani pul ated for input into SAS and S PLUS
usi ng standard data reduction utilities.
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Because of the size of the collected data base (e.g. over 60
organi c species) only sel ected species or species conbinations
were included in these exanples. For convenience, a schene
proposed for analysis of data neasured in Atlanta (Cohen, 1992)
was used: acetylene, ethylene, olefins--(the sumof butenes and
pent enes), isoprene, toluene, xylene--(the sumof three rel ated
speci es), benzene and total non-nethane organi c conpounds. In
addition, hourly concentrations of ozone, NO NOx, NO2 and CO
were included along with available hourly neteorol ogical
par aneters.

The wor kbook begins with exanpl es of graphical nethods for
summari zi ng PAMS data conpl eteness. Next, sinple procedures for
illustrating diurnal patterns are pursued, with the view that
typical diurnal patterns define a frame of reference for
detecting sone types of data anomalies. This is followed by
exanpl es of nethods for conparing organi c concentrations anong
data categories including weekend vs weekday differences.

Met hods for factoring out neteorology are illustrated, including
use of species ratios and sinple statistical nodels that relate
speci es concentrations to sel ected neteorol ogi cal paraneters.
Next, multivariate cluster nethods are illustrated for
interpreting the interrelationshi ps anong organi cs and for
detecting potential data outliers. Finally, a sectionis

i ncluded on nethods to investigate the relationshi ps between
ozone and neteorol ogi cal paraneters and organi c speci es.
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Wil e nost of the exanpl es appear to confirmwhat we al ready
know about basic species rel ationships, exploratory nmethods offer
an approach for devel opi ng new hypot heses where data do not
appear to support our current understanding. Because 1993 was a
"start-up" year, discovery of data anomalies should conme as no
surprise. As the PAMS nonitoring program matures, we al so woul d
expect for such anonalies to becone less frequent. It is
inportant that the results fromexploratory analysis be made
avai l able to nonitoring operators and quality assurance
specialists to ensure that steps are taken to upgrade the overal

qual ity of PAMS dat a.

DATA COMPLETENESS

We begin the anal ysis by exam ning sinple graphical nethods
to display data conpleteness. The intent is to quantify overal
success in reporting data for the entire nonitoring period but
al so to focus on patterns of mssing data that may affect
subsequent data interpretation. This task is sonmewhat
chal | engi ng because of the | arge nunber of hourly paraneters
eval uated (approximately 20 for this analysis) and the relatively
| ong span over which data are collected (24 hours per day for 90+
summer days).

Figure 1 consists of side-by-side box plots of the nunber of

hours reported per day for each conponent or species at the



Maryl and PAMS site. The nedi an nunber of hours reporting per day
is indicated by the dark line at the center of each box plot.

The w de shaded areas span the di stance between the 25th and 75th
percentiles (interquartile range). The narrow shaded areas

(whi skers) extend fromthe quartiles up to a distance equal to
1.5 times the interquartile range. Values outside this latter
range are indicated as isol ated dots.

For the organic species, the nmedi an nunber of hours reported
across the three nonths (92 days) is approximately 17 per day.

Xyl ene is the exception having a nmedian reporting rate of only 9
hours per day. For the other continuous pollutant nmeasurenents
(Ozone, NO N2, NOx and CO, nost days are relatively conplete
(medi an approxi mately 23 per day). The neteorol ogical paraneters
are also relatively conplete with the exception of relative

hum dity for which few neasurenents have been reported. Wile

t hese boxpl ots provide a good overvi ew of data conpl et eness, they
do not show which tinmes of the day (e.g. norning vs afternoon)
are nost problemati c.

Figure 2 is an array that illustrates m ssing ethyl ene data
by hour of the day (horizontal-axis) for each July day (vertical -
axis) at the Maryland PAMS site. Fromthis array, it is easy to
identify periods of the day which are nore apt to have m ssing
data as well as any trends in data conpl eteness anong days of the

month. For July, reported ethylene values after July 4 appear



relatively conplete, except for a tendency towards m ssing val ues
during the norning hours.

The ability to detect relationshi ps anong speci es nay be
seriously affected when the quantity of mssing data is |arge or
when m ssing data anong species occur at different tines.

Al though we do not illustrate the process here, it should be
relatively easy to identify concurrent patterns of m ssing data
that nmay present problens in analysis by sinply overlaying these
arrays for two or nore paraneters of interest.

For this particular data set, nost hours (refer also to
figure 1) reported either all of the organic species (except
xyl ene) or none. Thus, analysis to examne the interrelationship
anong organi c species is not limted by m ssing values for any
singl e species but by the general availability of organic data
for each candidate hour. Furthernore, since the non-organic
conponents are relatively conplete, data interpretations
i nvol vi ng organi ¢ and non-organi c species are |imted by the

availability of the organic species.

DIURNAL PATTERNS

Most of the pollutant species neasured through the PAMS
program are known to have wel| defined diurnal cycles that are
related to both source activity (e.g. traffic) and famliar

di urnal neteorol ogical patterns. Figure 3 shows an exanpl e of



t hose diurnal patterns using the PAMS data taken at the Baltinore
site in 1993. Each panel contains 24 box plots corresponding to
each hour of the day. The panels are grouped by paraneter type,
i.e., organic species (figure 3a), in-organic species (figure 3b)
and neteorol ogi cal paraneters (figure 3c).

Box plots for organic species (figure 3a) appear to indicate
clearly defined diurnal trends in spite of being quite noisy.
Medi an val ues for each species, except isoprene, show a tendency
for higher norning and evening concentrations. These patterns
appear to coincide with typical diurnal neteorol ogica
conditions, i.e., higher neasured concentrations during peak
traffic hours when wi nd speeds and vertical mxing are relatively
| ow and | ower neasured concentrations during md-day when traffic
is light and vertical mxing is greatest. Relatively extrene
concentrations occur sporadically anong all hours for acetyl ene,
ol efins, toluene and xylene. For ethylene and isoprene the nost
not abl e extrenes appear to be confined to the m d-norning hours.

Box plots for non-organic species (figure 3b) are also quite
noisy wth the exception of ozone. Diurnal patterns for ozone
are relatively snooth with characteristically | ow values in the
early nmorning hours followed by highest values in early to md-
afternoon hours. Mean diurnal patterns for NO and NOX indicate
| ow val ues during m d-day hours and hi ghest values during early

norni ng and | ater evening hours. For CO, the nore typical



concentrations have a pattern simlar to NO although peak |evels
fromm d-day on appear sonewhat unusual

Box plots for neteorol ogi cal paraneters (figure 3c) are well
behaved and exhibit famliar diurnal patterns. |In Baltinore,

w nd speeds rise steadily during norning hours and peak in early
afternoon. As expected, surface tenperature and solar radiation
closely track the daily solar cycle. Relative humdity (though
the quantity of data is limted) is typically highest in early
norni ng and | ate evening and | owest during the m d-day hours
reflecting the general inverse association with tenperature.

Wth these typical patterns in mnd, we exam ne di urnal
patterns for individual days to evaluate daily consistency and to
expose potential problens with the quality of the individual
val ues. Using SAS/INSI GHT, a graphic panel simlar to that shown
in figure 3a, was generated for each day. By "paging" through
the results for each of the 92 sumrer days, it is relatively easy
to spot patterns that stand radically apart fromthe nore typica
patterns shown in figure 3.

For exanple, figure 4 shows diurnal patterns for August 14
in which one particular hour (hour 10) stands apart fromrest of
the day. For isoprene, the concentration reported for that hour
(252 ppb) is nore than 15 tines |larger than any ot her hour
reported on that day. Moreover, each of the other five organic
speci es reports the highest value for hour 10, usually exceedi ng
val ues for each adjacent hour by over a factor of 10.
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Figure 5 shows a simlar plot for CO on four consecutive
days (July 9-12) for which the pattern of CO val ues appear quite
unusual . On each day, reported CO |l evels ranp upward
periodically with uncharacteristic discontinuities in early
nor ni ng and eveni ng hours. Levels of CO on these days are
consi derably higher than any other day for which CO data is
reported.

Exam nation of daily diurnal patterns in each paraneter
(1 ncludi ng neteorol ogical), should be routinely perforned as a
prelimnary quality control check on the data. |If such data are
confirnmed to be incorrect, clearly they should be del eted before

the data base is used in any subsequent anal ysis.

COMPARISONS AMONG ORGANICS

The rel ationshi p anong the various species is largely
governed by hour-to hour and day-to-day variations in source
activity levels, atnospheric dispersion and, during daylight
hours, photochem cally driven transformations. Because the
process is so conplex, we will focus initially on the organic
species for a tine period during the day when concentrations are
relatively high. Hour 6 (5-6 AM average) was chosen for this
pur pose, since data for this particular hour are relatively
conpl ete and not affected by photochem cal processes occurring

later in the day.



Figure 6 shows frequency distributions of acetylene and the
| ogarithm of acetyl ene using the hour 6 concentration val ues.

The distribution based on | ogarithnms renoves the apparent
skewness and thus mtigates the inpression that the |argest

val ues are an "outliers"” in some sense. Furthernore, the g-q
plot for the |og val ues appears straight and provi des support for
the notion that acetylene (and perhaps other organic species) are
approximately log-normally distributed. Approximte |og-

normal ity of organic species was al so established in other

anal ysis (Stoeckenius T. E., et. al., 1995) using data fromthe
Houston area. The log-normality assunption will becone an

i nportant consideration later on as we explore and test

hypot heses regardi ng differences betwen weekday and weekend
concentrations.

Figure 7 shows side-by-side boxplots for six of the organic
species using the hour 6 Baltinore PAMS data. |In this case, the
data are all plotted using the sanme concentration scale, making
it easy to conpare the rel ative magni tude and distribution of
val ues anong species. Median concentrations of xylene and
tol uene (approximately 12 ppb) are | argest followed by ethyl ene
and acetylene (approximately 4 to 5 ppb), olefins (approxi mately
2 ppb) and isoprene (1 ppb). The distributions are slightly
skewed as indicated by the tendency toward a few isolated | arge
val ues. Again, a log-transformation of these data woul d probably
renove this apparent skewness.
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Si de- by-si de boxplots are al so useful for conparing
distributions for different data subsets. For exanple, figure 8
conpares the distribution of acetyl ene on weekends (Saturday and
Sunday) vs weekdays. Since acetylene is strongly associated with
vehicl e em ssions (Scheff P. A, et. al, 1989), it is not
surprising to find that acetyl ene values are | ower on weekends
when norning traffic would be expected to be relatively |ight
conpared to weekdays. For xylene, nedian val ues on weekdays and
weekends are the roughly the sanme although there appears to be
greater scatter on weekend days. D fferences between acetyl ene
and xyl ene weekday to weekend patterns are not surprising since
sources other than traffic (e.g. solvent usage) can contribute to
the total observed xyl ene concentration.

Because neteorol ogy has such an inportant affect on
pol |l utant concentrations, variations in neteorological conditions
shoul d be consi dered before drawi ng any concl usi on about weekday
vs weekend differences. A major reason for including
met eorol ogi cal variates in such analysis is to reduce any bias
caused by the coincidental occurrence of favorabl e neteorol ogy
with the effect being exam ned. For exanple, if weekends were
unusual ly wi ndy, |ower concentrations due to dilution m ght
erroneously be ascribed to |ower traffic em ssions on Saturdays
and Sundays. Another reason for including neteorology is to
| ower the residual variance used in judging the significance of
t he weekday-weekend effect. |In the next section, we wll discuss
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how net eorol ogi cal effects mght be statistically nodel ed so that
i nferences may be drawn about differences in concentration |evels

anong data categories (i.e., weekend vs weekdays).

METEOROLOGICAL INFLUENCES ON ORGANICS

Fluctuations in neteorol ogical conditions are known to play
an inportant role in affecting nmeasured concentrations. Since
nmet eorol ogy affects different pollutants in different and
sonetinmes conplex ways, it may be difficult to confirm suspected
relationships with limted data. Nevertheless, sinple
expl oratory nethods may be useful, especially for |ess reactive
pol lutants or during periods when photochem cal activities are
not dom nant.

Figure 9 shows pairw se scatter plots between acetyl ene and
xyl ene and three of the neteorol ogical paraneters (w nd speed,
wi nd direction and tenperature), again using the data for hour 6.
Bot h acetyl ene and xyl ene appear to have a strong inverse
relationship with early norning wi nd speed and a very weak
relationship with tenperature and wind direction. O the other
two neteorol ogical variables, relative humdity is only avail able
for 1-2 percent of the hours while solar intensity is not a
factor for this tinme of day.

Based on the appearance of these graphs, a sinple | og-Iinear

nodel was used to describe norning acetylene as a function of
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w nd speed along with a categorical variable (ie. weekend and
weekday) to account for differences between weekdays and weekends
(refer back to figure 8). The results, sunmarized in figure 10,
show that w nd speed and weekday-weekend di fferences expl ain
approxi mately 67 percent (R-Square=0.67) of the variation.
Because the | og of acetylene is nodel ed, the paraneter estinmates
may be interpreted as the fractional change in acetyl ene per unit
change in the independent variable (weekday or wind speed). For
exanpl e, the paraneter estimate for wind speed is -0.38 which
means that for every 1 neter/sec increase in w nd speed,

acetyl ene decreases by approximately 38 percent. O greater
interest, is the fact that weekday val ues of acetyl ene, adjusted
for wind speed differences between weekend and weekdays, are
typically 60 percent higher than values on the weekends.

Al t hough the sanple size here is relatively small (52 val ues),
the difference in concentrations between weekdays and weekends is
statistically significant. The nodel fits the data reasonably
well as indicated by the close linear fit between the observed
and predicted values and the linearity of the | og-normal g-q
residual plot. Although refinenents are possible (e.g., a plot
of the residuals vs wind speed woul d be an appropriate di agnostic
check), a sinple nodel of this type mght be an adequate starting
point for building nore conplex nodels to explain interspecies

differences (and simlarities) within an area.
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SPECIES RATIOS

Anot her way to seek normalization of neteorol ogical (and
other) effects, is through use of ratios of selected species.
For exanple, the ratio of individual VOC species conponents to
TNMOC and the ratio of TNMOC to NOx have been suggested as
meani ngful. The presunption is that differences in the ratio
anong contrasting data subsets (e.g. weekends vs weekdays) are
dom nated by differences anobng source and em ssion
characteristics, since neteorological effects (e.g. wnd speed)
comon to each ratio conponent are factored out in the

cal culation of the ratio.

As an exanple, Figure 11 shows two graphs using the ratio of

TNMOC to NOx. Overall, the nedian ratio anong the 50 data val ues

is approximately 6. Although not illustrated on these plots, two

"outliers", early in the sanpling period (June 1 and 3) have been

renmoved. The graph on the left indicates that the ratio is nore
or less independent of wi nd speed, at |east for the norning
val ues. This suggests that the ratio has served the purpose of
factoring out the effects of wind speed on each conponent.

The graph on the right, shows the ratios in the form of box
plots for each weekday, beginning with Sunday (Wday=1) and
continuing through Saturday (VWday=7). Although the dataset is

very small, (approximately 7 values per day), there is a hint

that ratios on Sundays are slightly higher than other days of the
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week. Again, the statistical significance of the day-to-day
differences could be tested using procedures simlar to those
described earlier in testing for weekend vs weekday effects for
acetyl ene.

In a sense, use of ratios represent a sinplification of nore
sophi sticated net hods invol ving source apportionnment that lie
outside the scope of this docunent. The follow ng discussion
w Il focus on a nore generalized nethod (nmultivariate) for
exam ning the interrel ati onshi ps anong species. The viewis
toward trying to explain how day-to-day covariations anong
certain species nmay be used to infer comon underlying factors or

causes.

MULTIVARIATE METHODS

Because many of the organic pollutant species originate from
t he same source category, we woul d expect to see a statistica
associ ati on anong those species as source activity and
at nospheric dispersion varies over tine. Figure 12 is a matrix
scatter plot using the data for hour 6 at the Baltinore site.
| soprene was omtted fromthis plot since values are generally
very low during this time period.

Acetyl ene and et hyl ene appear highly correlated with each
other but less so with other species. Presumably, this strong

association is in part due to gasoline conbustion and resulting
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vehicle em ssions. Likew se, xylene, toluene and benzene al so
appear highly correlated with each other and | ess so with ot her
speci es, presumably because they result from several common
sources including both conbustion, conplete evaporation of raw
gasol i ne, and ot her evaporative sources. defins, which al so
originate fromvehicle related em ssions, appear to be positively
correlated with acetylene and ethylene and to a | esser degree
wi th xylene, toluene and benzene.

Cluster analysis is one of several multivariate technique
well suited for examning interpollutant relationships and
hel pful in identifying potential data outliers. Many of the
popul ar clustering techniques begin with a single cluster that is
essentially a linear conbination of the variables used in the
anal ysis. The second step breaks the initial single cluster into
two separate clusters where each cluster is conposed of one or
nore of the original variables. At this stage, all of the
vari abl es have been assigned to one of two clusters (groups) that
hopefully "explain" a |arge portion of the conbined variation of
all of the original variables. The process continues by breaking
each subsequent cluster into smaller clusters of variables until
an objective stopping criteriais net. Variables (species) that
are comon to a given cluster are generally highly correl ated
wi th one anot her and have |l ess (but still possibly |arge)

correlation with variables in other clusters.
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Figure 13 illustrates the outconme fromapplication of a
hi erarchical clustering technique using the organic data. The
vertical axis (reading fromthe top) indicates the proportion of
the total variance explained by 1 cluster (86 percent), 2
clusters (93 percent) and finally 3 clusters (98 percent). In
this case, the large fraction (86 percent) of the total variation
explained by only 1 cluster reflects the |large positive
correlations that exists anong the 6 species. These |arge
positive correlations in turn reflect comopn source (e.g.
vehi cul ar em ssions) and neteorol ogi cal influences that affect
all species sinultaneously. The second step results in two
clusters--one cluster, containing ethylene, acetylene, and
ol efins, and the second cluster, containing xylene, benzene and
tol uene. These two clusters represent subtle but distinct
"signal s" that are probably related to the inpact of two (or
nore) source categories. For exanple, cluster 1 could represent
roadway em ssions since the three conponents are strongly rel ated
to gasoline conbustion fromvehicles. Cduster 2 is perhaps nore
difficult to interpret but probably reflects a conbination of
events related to evaporative | osses and conbusti on.

In the third step, olefins break apart fromthe acetyl ene-
ethylene cluster to forma single species cluster. It is not
cl ear what signal (if any) is being sent at this point. Cearly,

had nore of the original species been used (and nore days of data
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been available), three or nore interpretable clusters could have
easi ly energed.

Since clusters are essentially weighted averages of the
vari ables within each cluster, a cluster score can be conputed
using the scoring coefficients and the individual (normalized)
concentrations. |In effect, the scores represent the presence or
strength of that cluster for that particular day. Figure 14
shows the scatter plots of the three cluster scores along with
several rotated three-dinensional plots. Fromthese plots, no
val ues appear radically apart fromthe overall body of data. 1In
the event that one or nore cluster scores appear to be
"outliers"”, the contributing species values for that day should
be investigated further to determne if the underlying data is
potentially erroneous or whether the extrenmes m ght sinply be
related to unusual or unexpected source activity associated with
that day (e.g. gasoline spill, etc).

This nmultivariate approach closely resenbl es many of the
techni ques used in receptor nodeling (e.g., Henry R C, et. al.
1994) to distinguish and apportion contributions from various
em ssions sources to observed data. W anticipate that
application of nore refined approaches, using a nore conplete
suite of VOC species, wll result in nore informative and

gquantitative assessnents of source contributions.
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OZONE RELATIONSHIPS

Hourly ozone levels typically peak sonetinme between early to
| ate afternoon at nost nonitoring sites in the U S From
previ ous anal ysis of national weather and state reported ozone
data over the past decade, the relationship between peak daily
ozone levels and a variety of neteorol ogical conditions has been
wel | established (Cox and Chu, 1993). Since the PAMS program
provides for simlar neasurenents, it seens reasonable to explore
the relationship between daily ozone and neteorol ogy at PAMS
sites and to conpare results with historical results where
appropri ate.

Figure 15 is a matrix scatter plot using daily maximm 1-
hour ozone and several daily neteorol ogical paranmeters derived
fromthe Baltinore PAMS data. The ozone plots (top row), suggest
that the log of daily ozone has a strong positive association
with daily maxi numtenperature, a noderately strong inverse
association with nmorning average wi nd speed and a weak positive
association with m d-day average solar radiation. Note also that
sol ar radi ation and tenperature appear to have a weak positive
associ ati on.

Usi ng standard |inear regression nethods, a |og-I|inear nodel
was used to fit daily maxi num ozone as a function of daily
maxi mum t enperature, w nd speed and solar radiation. The results

suggested that only tenperature and w nd speed were inportant
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predi ctors of ozone. Solar radiation was insignificant, probably
due to the overwhel m ng dom nance of the ozone and tenperature
association. Figure 16 summarizes the relationship along with
partial regression plots of the two significant predictors.

Since a |l og-linear nodel was used, we may interpret the
regression coefficients as a fractional change in ozone per unit
change in the independent variable. 1In this case, daily ozone

i ncreases approximately 2.5 percent for each 1 degree (F)
increase in tenperature and decreases by approximately 8 percent
for each 1 nfs increase in w nd speed.

These results conpare reasonably well with historica
analysis (e.g., Cox and Chu, 1993) using ozone nonitoring in the
Baltinore area over the period from 1981-1991. The coefficients
for both tenperature (0.025 vs 0.032) and norning average w nd
speed (~ -0.08 vs -0.06) are quite close to one another. As data
fromadditional sites and years becone avail able, the
significance of such conparisons may take on greater neaning.

Finally, the regression nodel was nodified to include
sel ected organic species (hour 6) to determne if additional
variation in ozone could be explained. For these |[imted data,
no organi c species has a statistically significant relationship
with ozone for reasons that we may only speculate on at this

poi nt .
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SUMMARY

Dat a produced fromthe PAMS nonitoring programw || provide
val uabl e new i nformati on needed by air quality planners to nore
effectively control ozone precursors and toxic pollutants. The
pur pose for this workbook has been to provide a quick overvi ew of
exploratory nethods useful in prelimnary investigation of PAMS
data prior to nore extensive analysis to support specific data
obj ectives. G aphical nethods are enphasi zed as being
particularly useful for exam ning the shape of data distributions
and for detection of potential outliers. Likew se, graphical
di spl ays of diurnal patterns define a useful frame of reference
for detecting certain types of data anomalies. Side-by-side
boxpl ots provide for sinple visual conparisons anong pol | ut ant
species and help in revealing differences in concentration |evels
that may be attributed to differences in categories of source
activity (e.g., weekend vs weekday). Methods for incorporating
met eorol ogi cal data into the analysis of ozone and species
rel ati onshi ps may prove useful for renoving potential bias and
for increasing the power associated with specific hypotheses of

i nterest.
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