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Long-term trends in ground level ozoneover
the contiguousUnited States,1980—1995
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Abstract Long-termtrends of median and90th percentilesummerafternoon03 concentrations
wereexaminedat 549 sitesacrossthe UnitedStatesfor the 1980-1995period. Daily temperature
datawere usedto accountfor the variability in 03 concentrationsassociatedwith temperature.
Both beforeand aftersegregatingthe 03 databy temperature,trendswereinsignificantovermostof
the continentalUnited States. No regionof the United Statesexperienceda significant increasein
03 concentrationsduring the 1980-1995period. Decreasingtrendswerepredominantlyclustered

in the threelargestmetropolitanareas:New York City, Los Angeles,and Chicago. In theseareas.
additionalsiteswith trendswere identified in the temperature-segrezatedanalysis. Correlationof
trendswith local anthropo~enicemissionsof nitrogenoxides (NO. = NO ÷NO2) and volatile

organiccompounds(VOC) indicatesa greaterfrequencyof decreasingtrendsfor urbansiteswith
high emission. Nationalemissioninventoriesfor the United Statesindicate that anthropogenic
VOC emissionsdecreasedby 12% over the 1980-1995period while NO5 emissionsremainedcon-

stant. The observed03trendsare consistentwith the view that summertimeO~productionoverthe
UnitedStatesis NOV-limited except in the largestmetropolitanareaswhereit is partly VOC-lim-

ited.

1. Introduction

Ground level 03 “smog’ is producedfrom complex photo-
chemical reactionsinvolving nitrogen oxides (NO.~)and volatile
organiccompounds(VOCs). Ozonein surfaceair is hazardousto
humanlungsandhasbeenblamedfor billions of dollars in agricul-
tural damagein the United States[Princ. 1988: Lipptnann. 1991].
As of 1995. approximately71 million Americanslived in counties
unable to meet the National Ambient .Air Quality Standard
(NAAQS) for 03 set by the UnitedStatesEnvironmentalProtection
Agency(ERA) at a I-hour averageof 120 part~per billion by vol.
urne (ppb) not to be exceededmore than 3 times in threeyears
[EPA. 1996a]. The NAAQS standardwas revised in July, 1997 to
an 8-hour averageof 80 ppb. which is- expectedto increasethe
extentof noncompliance[Chnmeideset at. 1997].

Over the past 25 years.substantialeffort has beeninvestedin
controlling precursoremissionswith theaim of reducing03 levels.
Toe primary focus hasbeenon controlling VOCs [Coiverr Cr a!.,
1993: Tierenberg, 1996]. Between 1980 and 1995, anthropogenic
VOC emissionsin the United Statesdecreasedby 12%. while NO~
emissionsremainedconstant, eventhough the annual numberof
vehiclekilometersdrivenroseby 60% [EPA, 1996b1. Recentmod-
eling studieshaveindicatedthat overmostof the UnitedStates,03
production is limited by the supply of N0~rather than VOCs
[Trainer era!., 1987:Sillrnan era!., 1990a:.WcKeener at, 1991a,b:
National ResearchCouncil (NRC), 1991; CJzameideserat, 1992:
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Jacober at, 19931. The 1990 CleanAir Act Amendmentsimposed
stricter NO5 controls on new cars and power plants, but these
changeswill impactnational NO~emissionsonly gradually.

A numberof studieshaveexaminedlong-term trendsof 03
concentrationsin selectedregions of the United States(Table 1).
Most of the focus hasbeenon the northeasternUnited Statesand
southernCalifornia. which frequently exceedthe NAAQS [EPA,
1996a]. Methodshave rangedfrom ordinary leastsquaresregres-
sion analysis[e.g.. Walker. 1985]to complexregressionmodelsthat
accountfor theeffectsof multiple meteorologicalvariableson 03
[e.g.. Flown erat. 1996]. Ozoneconcentrationsarestrongly corre-
latedwith temperatureon aday-to-daybasis [Wolffand [J

0
y, 1978:

ClarkandKarl) 1982: NRC, 19911,andthis correlationis aenerallv
accountedfor in 03 trendanalyses(Table 1). Someof the studiesin
Table I basedtheir diagnosticsof trendson the i-hour daily maxi-
mum03 concentration,while othersfocusedon extremeyearly sta-
tistics to reflectthe formulation of the NAAQS. Most recently, the
EP.A reporteda6%decreasefrom 1986 to 1995 in thenationalaver-
age of daily maximum I-hour 03 concentrations,and a 53%
decreasein the number of exceedancesof the NA.AQS [EP.4.
I 996a]. -

Our work expands upon the previousstudies in Table I by
examining the spatial distribution of trends on a national scale.
using 1980-1995datafrom all 03 monitoring sites includedin the
EPA AeronometricInformation Retrieval Service(AIRS). The
analysisbeginsin 1980 to avoiddifficulties with instrumentcalibra-
tions: beginning in 1979. the AIRS sites have usedthe ultraviolet
photometric method to uniformly calibrateall 03 measurements,
facilitating comparisonsamongsites [Chock. 19891. We focus on
the mediansand90th percentilesof summerafternoon03 concen-
trations.-as thesestatistics are more robust diagnosticsof 03 than
extrerna.Daily temperaturedataarcusedto accountfor thecorrela-
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Table 1. Studiesof SummertimeOzoneTrendsin theUnited States

Reference
‘Iliac

2~
nod

Analyzed
StatisticsUsed Regionisites

Methodof
Analysts

Meteorological
VariablesFactored

IntoAnalysis
1

Waiker[19853 1973-1982
t1975-
1982 for
Texas)

annualmean,annualhours in
exceedanceof NAAQS.
mean daily mat

California: 50
sites:
Texas: IS sites

linear resression none

Kur.rasaiend - 1968-1985 muit,sntion meanofdaily I- SC.A8
5

:nine sites linear regression T
Chang119371 hourmax

Zeldincal. l981-l939 daily i-hcurmat. SCAB: eighrs~ linearregression 24 standardized
[1990] daysexceeding200 ppb tion pain variables

c’assntasriand 1976.1990 hours> 120 ppb and SCAB: meanof linearregression T.precipitation.WS,
Bassett[19911 hours>300 ppb alt sites sky cover

Korsogand Wolff 1973-1983 75th percentileofdaily northeastern linearregression
t

T. RH. WS
£19911 i-hour mix United States:

eiahtsites
LefohnandShad- 1979-1938 hourly averagesweightedby 77 rural shes linearregression° None

wick [19911 exposureindices
5

nationwide
Racera). 119921 1980-1989 medianof daily I-hourmax New Jersey.New

York. andCon-
necticut

variousstatistical-
methodst

None

Cur and C/rn 1981-1991 daily 1-hourmax 43 urbanareas probability T\vS, RH, opaque
[l993}

-

- •

-

exceeding
NAAQS

model: Weibult
distribution

cloudcover, mixing
height

Rao era?.[1995j 1983-1992 datly I-hourmax easternUnited
States

K-Z filter
5

T

Zurbenko era!. 1930-1992 daily I-hourmax easternUnited K~Zfilter T
[1995] Stares

F?arun era!. 1983-1992 daily I-hourmax eight eastern K-i filter T. RH
[19961

-

Unicedstates
sites

EPA [1996a.bI 1936-1995 seconddaily 1-hour max 183 U.S. MSASh linear regression None

This study 1980-1995 summerafternoonmedian
and 90th percentile

549 sitesnation-
wide

linear regression T

3
T. temperature:RH. relativehumidity:WS. wind speed.

bSCAB SouthCoastAir Basin of California.
CUsedfixed-valueandfixed-rangecriteria
5

Exposureindicesweigh theconcentrationsaccordingto their adverseaffectson vegetation.

tererminedsignificanceof doteby the Mann-Kendalltest for trend,

Thebootstrapmethod,extremevaluestatistics,andthe Mann-Kendalltest for trend.
t
TheKolmcgorov.Zurbenkofilter is first appliedby Rae eta!. [19943. It consistsofrepeatediterationsof a simplemoving average.It

separatesthe trendcomponentfrom theseasonalandshort-termvariation componentsof atime seriesconsistingof the logarithmofdaily
maximum03 concentrations.

‘MSAs, MetropolitanStatistical .kreas.

tion of 0~with temperature. Relationshipsof trendswith local
anthropogenicemissionsof NO, andVOC arealsoexamined.

2- Data and Methods

Records of hourly 03 concentrations for 1980-1995 were
obtainedfrom EPA for all AIRS stations in thecontinentalUnited
States(approximately900sites). Manyof the AIRS sitesareclus-
teredaround major cities; rural regions have few monitoring sta-
tions. The density of sites is greaterin the eastthan in the west
(with the exceptionof California). Ouranalysisfocuseson summer
afternoons(Junethrough August). when 03 is at its seasonaland
diurnal maximum [Logan. 1989]. For each summerday in the
1980-1995record. hourly concentrationsfrom 13 to 16 local time
(LT) were extracted.MediansandgQth percentilesof theseconcen-
trations are displayed in Plate 1 Much of the easternandsouth-
westernUnited Stateshavemedian concentrationsgreaterthan 50

ppb. Concentrationsaregenerallylower along the west coastthan
alongthe eastcoastdueto the prevailing westerly winds and the
greateremissiondensity in theeast. T’ne highest03 concentrations
in the nation are found in the Los AngelesBasin of southernCali-
fornia, reflecting acombinationof high emissionsandpoorventila-
tion,

We restrictour trend analysisto sites with at Ieast onehalf-
monthof data(64hourly datapoints) for eachsummerfor a mini-
mumof 12 years, Datafor sequentialyearsweresometimesavail-
able from sites a few kilometers apart, usually becausethe 03
monitoring station had moved. In thesecases, the 03 datawere
merged, A total of 549 sites (Figure 1) were found suitable for
trend analysis.

Our trend analysisfocuseson the median and
90

th percentile
summerafternoonconcentrations.Similar to [Walker 1985],ordi-
nan least squaresregressionof 03 concentrationsversusyear was
used,andtheslopeof the regressionline is reportedasthe trend, in

A

.5

.1-

I



50

4-s

~
Co
-J 35

30

25

FIORE ErAL.: OZONETRENDS IN THE UNITED STATES

Plate 1. Summerafternoon03 concentrations(ppb) in surfaceair over theUnited States:(top) mediansand(bottom)
90th percentiles.The mapswere constructedfrom observationsat 13-15 local time in June-August1980-1995for
thesitesof theEPA AIRS network. Datafrom individual sites wereaverngedover50 x 50 km grid squares.
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both ppb peryear and percentchangeperyear. Percentchanges
arereferencedto the meanvalue for the 1980-1995period. A site
wasconsideredto possessa significanttrendif thet-statistic for the
slopeof the regressioninc wasequal to or abovethe95% conft-
dencelimit, Figure 2 showsas anexamplethe trendsof g

0
th per-

centile concentrations in Pasadena, Califomia and Boston,

Massachusetts.
TheBostondatain Figure 2 display unusuallyhigh 03 concen-

trations in 1988. whenrecord-hightemperaturesand pollution were
observedover muchof the easternUnited States [Ludlum, 1988);
this featureillustratesthe importanceofaccountingfor temperature
variability whendiagnosing03 trends. We referencedthedaily 03
concentrationsmeasuredat the individual AIRS sites to daily maxi-
mum surface temperaturesfrom nearby National Climatic Data
Center(NCDC) monitoringsites TheNCDCsiteswerechosenfor
the lengthof their recordsandtheir proximity to AIRS sites (Figure

I). The03 concentrationsat each AIRS sitewerethussortedinto 5
K temperaturebins from 295 to 315 K. Median andg0th percential
concentrationswerecalculatedfor eachbin that met the dataden-
sity criteria discussedpreviously, andtrendswere analyzedwithin
eachbin. Only threebins containedenoughdatafor useful analy-
sis: 295-300K, 300-305K and305-310K. Thetemperaturerange
300-305K included75%of all AIRS trendsites (4121549)andwill

be the focus of ourdiscussion,

The relationship between trends and local emissions was
exploredusing two site classificationsystems. First, we usedthe
EPA descriptionsaccompanyingthe AIRS databasein which each
site is labeledas ‘urban.’ “suburban,” ‘Tural,” or “unknown.” Sec-
ond, we developeda more continuousclassificationof sites based
on local emissiondatafor anthropogenicNO1 andVOC from the
National Acid PrecipitationAssessmentProgram(NAPAP) [EPA,
1989]. For this purpose,we usedthe NAPAF summerweekday
inventory including both areaand point sourceswith 20x20 km2

resolution. The two classificationsystemsarecomparedin Figure
3. Sitesdesignatedas urbanandsuburbanby theERA tend to fall
into thecategor of high local NO1 emissions(greaterthan I x
moleculescm2 s’5, while rural sites aregenerally in thelow NO1
emissionscategory(lessthan 5 x lob moleculescm2

51), Six
sites consideredrural by the EPA fall into thehigh NO1 category;
four of thesesites appearto be nearpower plantsas indicatedby
their ow VOC/NOX ratios [Sit/man ci aL, 199Db]. The few sites
classifledby EPA as “unknown” tend to be in areasof low NO1
emissions,

3. OzoneTrends

The 1980-1995trendsin summerafternoon03 concentrations
areshownin Plate2 and3 in termsof absolutemagnitude(ppb per
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Plate 2. 1980—1995 trends (pph per ycari ol median anti 901ti per-
centile 0~concentratIons br stliiimer illemoon (13—16 local time)
in surface air over-the United States. 1 lie rends were conipuled for
individual sites nut! results were averaged over 50 x 50 km2

squares; sites with no significant trends were entered in the aver-
ages as having a t ren tI of -zero - The ye! low sh tide i rid kid es that no
site in (lie 50x50 km1 square had a signilicant trend,
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Figure 1. Ozone(EPA/AIRS) and temperature(NCDC) sitesused
in thetrendanalysis. -

year) and relative magnitude(percent per year). Non-significant
trendsareshownin yellow. Table2 gives thenumbersandpercent-
agesof sites with significant trends. Increasingtrendsaredetected
at asmall numberof sites which arescatterednationwide; we do
not find any worseningof air qualityon aregionalbasis. Siteswith
decreasingtrends tend to cluster around the large metropolitan
areas.In both absoluteandrelativemagnitude.thelargestandmost
consistent decreasingtrendsare in the northeasternmetropolitan
corridor andin theLos AngelesBasin. More sitesshowsignificant
downwardtrends in

90
th percentilethan in medianconcentrations,

especiallyin the Chicagoarea. Hail of all sites demonstrating

00 - / / / -, ///V~//Av// //,
~ ___ -

<0.5 0.5-1 1.5 5-10 >10
NOx E,’mssions ~ 1 ,neecuiesan’

2
~

Figure 3. Relationshipbetweenthe EPA/AIRS classification of
sites (“urban suburban.’ ~rural,”’-urtknown”) and the N.APAP
NO~emissioninventory for 1985. Sites with NO~emissionsin a
given rangeweresortedaccordingto the EPA/AIRS classification.

improvementsin 90~percentile03 levelsare in the metropolitan
areasof New York City (16 sites), Los Angeles(32 sites),andChi-
cago (5 sites). Tne remaining sites with signifleant decreasing
trends arescatteredthroughoutthenation and aregenerallyurban
orsuburban.

Figure 4 providesa detailedvie’,v of the spatialdistribution of
tendsin the metropolitanareasof New York City, Los Angeles.
andChicago. Similarpatternsare found for the relativetrends(not
shown)in eachof thesethreeregions. In New York City, prevailing
summerwinds are from the southwest, anddecreasingtrendsare
observedfor about400 km downwind, spanningacrossConnecticut
(Figure 1a). The largesttrendsare in coastalConnecticut,where
medianconcentrationsdecreasedby 1-1.5 ppbyr~over the 1980-
1995 time periodandg

0
ih percentileconcentrationsdecreasedby 2-

4 ppb yr~. In the Los Angeles Basin, the most pronounced
decreasesare 3 ppb vr~in medianand5 ppb yr’1 in g

0
th percentile

concentrations(Figure4b). Trendsarestrongestapproximately40 -

km inland anddeclineradially outward. TheChicagometropolitan
areashowsno significant trendsin median03 concentrationsand
only scatteredsignificant trends in

90
th percentileconcentrations

(Figure4c).

0

100_I x

~xx ~xx X xxx xxx

0

1980 1985 1990

Year

Figure1 1980-1995trendsof summerafternoon03 concentra-
tions (90th percentile) in Pasadena,California. andBoston,Massa-
chusetts,ThePasadenadatashow asignificantdecreasingtrend(~
= 0.68;slope= -5.1 ppb yr’t), while the Bostondatado not (r =

0.01).

4. Segregationby Temperature

Trends in 03 concentrationsfor dayswith maximumtempera-
tures in the 300-305K rangeare shown in Plate 4. Comparison
with Plate 2 revealsmany moredecreasingtrendsin the dataseere-
gotedby temperature.Table2 gives the numbersof sites with sig-
nificant trendsin eachtemperaturebin. We find that 17 and32% of
sites display downwardtrendsin medianand

90
th percentilecon-

centrations,respectively,ascomparedwith 12 and 19% beforeseg-
regation by temperature. Sites with downward trends in the
temperature-segregateddataarestill clusteredin the threemetro-
politan areasdiscussedabove,but also extendto additional metro-

1995 politan areas including Detroit, Michigan; Cleveland. Ohio;
Cincinnati,Ohio; Philadelphia.Pennsylvania;andPittsburgh.Penn-
sylvania. The fractionof sites with upwardtrendsis similar to the
previousanalysis. The improveddetectionof downward03 trends
in the temperature-segregateddata reflects interannualvariability
in temperatureratherthan anylong-termwarmingtrend;we find no
significantwarmingfor the 1980-1995 periodat the NCDC sites
usedin ouranalysis. -

1475

so

46

42

34

30 -

-125 -120 -11$ -110 -105 .1W -95 -90 -95 -~0 -75 -70
theglude



FIORE IF AL.; OZONETRENDS IN THE UNITED STATES

Table 2. Numbersof Sites With SigniflcantTrends

Numberof sitesanalyzed

-Median

519

Median -

:95—300-K

87

Median
30~305K

‘12

Median
305-310K

98

90th

Percentile2
90th

Percentile
295—300 K

90th
Percentile

300—305 K

90th
percentile
305—3tO K

Siteswith increasing trends 0
4%

2
(l%~

1!
fl1

10
(5%)

Sites “-ith decreasingtrends 67 ‘5 ~2 25

549 187 412 198

7 0 5 2

11%) (0%) tl%) lI~)
106 St 13! 12

(12%, (21%) {17%l (13%, 19%) il$%i 32%) Cl%t
1980-1995 trends in medians and 90th percentiles of summer afternoon 03 concentrations at the ERAAIRS sires across the United States. T’ne

percentages of sites with trends are shown in parentheses. The data wc~segregated by daji-; maximumtetnoerature tneasured at nearby NCDCsta-
tions. Only sites with sufficient data over at east 2 years were ana!~ zed 15cc textl.

4Without segregationby temperature.

The bottom panelsof Figure4 display the spatialdistribution
of trendsin the 300-305 K temperaturerangefor the metropolitan
areasof New York City. Los Angeles and Chicago. In the no~h-
easterncorridor, decreasingtrendsextendfurthersouthwestthanin

the previousanalysis,incorporatingWashingtonD.C. (Plate~. In
the Los AngelesBasin. thespatialdistributionof trendsis similar to
that found in the previous analysis. It appearsfrom Plate 4 that
fewersites exhibit downwardtrendssouthof the Los AngelesBasin

MEDIAN
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Figure 4a. Spatial distributions of 03 concentrationsandtrendsfor the New York City metropolitanareain 1980-
1995. Thetop panelsshowthe medianand90th percentilesummeraftemoonConcentrations,themiddle panelsshow
thecorrespondingtrends, andthebottompanelsshowthe trendsin thetemperature-segregateddata 300-305K tem-
peraturebin). Diamondsshow theindividual datasites: therearefewer trend sites thanconcentrationsites because
of the datadensity requirement. Crosseddiamondsin the middle andlower panelsindicate sites with significant
decreasingtrends,
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33
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Figure4b. SameasFigure4abut for the Los AngelesBasin.

after segregationby temperature.Most summerdays in this region
havemaximum temperaturesin the range 305-310K: decreasing
trendsarefound within the 305-310K bin, but the trendsat the few
sites with adequatedatain the300-305K temperaturebin aregen-
erally not significant. Manyadditional siteswith decreasingtrends
emergein the Chicagoarea (Figure2c.

5. Relationship to Local Emissions

FigureSdisplaysthe percentageof sites with significanttrends
(positive or negative) sortedby local anthropogenicemissionsof

NO~ andVOC. local VOC!NOZ emissionratins, and EPA sitecbs-
sifications. T’ne trendsare for the datanot segregatedby tempera-
ture; results for the temperature-segregateddata are similar.
Increasingtrendscomprisea small percentageof most categories.
Downward trendsin the

90
th percentileconcentrationsare more

likely to be found at urban sites (high precursoremissions),
Median concentrationsare also more likely to show downward
trendsat urbanthan at rural sites according to the EPA classitica-
tion; by the NO~emission classification,however. approximately
the samepercentagesof increasinganddecreasingtrendsin median
concentrationsarefound for all emissionranges.

Figure 5 indicatesa correlationof trends with the VOC/NO,
emissionratio, This correlationcouldhetakento imply that03 air

quality hasimprovedmost in areaswhereemissionsaredemtnated

by mobile sources high ratios). However, we find thdt the correla-
tion is determinedmainly by the high VOC/NO~emissionratiosin
the Los .Angeles Basin. The largefraction of sites with decreasing
trendsin this regioncanbe probablyattributedto the morestringent
emissioncontrolsthanin therestof thecountry,asdiscussedbelow.
ratherthanto particularityin the VOC/N0~emissionratio.

6. Discussionand Conclusions

Previousanalysesof trendsin summertimeozoneore summa-
rized in Table I. Most of thesestudies usedshorterrecords,and
they usedavariety of ozonestatistics. The additionof a few years
of datacan leadto different trend results for suchshort time series.
particularly if the analysisstartsor ends near an anomalousyear.
suchas 198$ which had record high ozonelevels, The choiceof
ozonestatistic ~suchas mean,daily maximum, seasonalextrema)
andinclusion of explanatoryvariablesin thetrend model may also
influenceresults. Our resultsaregenerally in accordwith previous
trend analyses.and differencesare mostlikely attributableto the
useof differenttime periodsandchoiceof ozonestatistic.

Our finding that no large region of he United Statesdemon-
stratessignificant increasingtrendsis consistentwith the work of
[&‘foiui and Sltatht-ick l991 } ‘Table 1). who found little evidenceof
significanttrendsin 03 at??rural sites from 1979-1988. Tne few
trendsthey did find were generally positive. As they noted, this
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Figure4c. Sameas Figure4abut for theChicagoarea. No contoursareshownin the middle panelsbecauseof the
paucityof siteswith significanttrends.

result may havebeeninfluencedby the flnal year of their study.
1988. when 03 concentrationswere unusuallyhigh. Increasesin
ozonewere found for only 2% of metropolitanareasfor 1986-95
[EPA, 1996a]. We comparedour results with trends in tempera-
ture-independent03 observedby Rae a a!. [1995] in the eastern
United Statesfrom 1983-199:andfoundthat we do not detect sig-
nificant trendsat roughlyhalf of their sites. T’nis discrepancycould
reflectthe 6 extrayearsof data in our analysis. Our findingscom-
pare well with the 1980-199:trend analysisof Zurbenkoa a!.
[1995] for the northeasternUnited States.where there are only 3
yearsof differencein theanalysisperiods. -

Ourconclusionthat halfthesites with decreasingtrendsin 90th
percentile03 concentrationsare in the metropolitanareasof New
York City, Los Angeles.andChicagois similar to results given by
theEnvironmentalProtectionAgency[EPA, 1996a1. TheEPAanal-
ysis givestrendsin the secondhighestdaily maximum03 value for
1986-95. They find decreasesfor 23% of 183 metropolitanstatisti-
cal areas.andhalf the areaswith decreasesare in California. Chi-
cago and environs, and the New York-New Jersey-Connecticut
region. We find decreasesin 90th percentile03 valuesfor 19% of
sitesoverall, againsimilar to EPA [l996a].

Thedownwardtrendof 03 concentrationsin theNewYork City
metropolitanregion has been reportedpreviously by Korsog and

Wolff [l99l]. Raea aL, [199:, 19951.Coxand Chit [1993]. Rae
and Zurberiko [1994], Zurbenkoer a!. [1995], EPA [l996a] and
F!aum a aL [1996]. A numberof modeling studies haveargued
that the beststrategy for controllinz,O3 in this region is to reduce
VOC emissionsIMcKeenera!.. 19915: Rose!!eeta!.. 1991:Jacob
eraL, 1993; SUlman.1993j,

The Los AngelesBasin suffers from the mostsevere03 smog
problemin thenation EPA. [l996a]. In an effort to amelioratethis
situation,thestateof California hasimplementedemissioncontrols
beyondthe requirementsfor the restof the nation. Total NO~and
VOC emissionlevels in the Los Angeles Basin in 1995 were 10
and40% lower, respectively,than in 1980 (8. Cheerand D. Good-
eno~tCalifornia Air kesourcesBoard, personal communication,
1997). Our studyindicatesthat thesestringentregulationshavemet
with successin reducing both median and extreme03 levels.
n-a!ker [1985], Kwirara! and Chang [1987], Ze!din era!. [1990] and
Cassinassi and Barren [1991] havepreviously reporteddownward
trends in extremeconcentrationsof 03 in the South Coast Air
Basin.

The third largest metropolitan areaof the notion (Chicago)
shows significantdownwardtrendsfor the

90
th percentile03 con-

centrationsbut not for themedians. After segregationby tempera-
ttue. more pronounceddownwardtrendsore found, althoughthey

1478

MEDIAN

- -a
43- 2t

0’

42-

Ozone (ppb)

0

41-

00

,, ,

C

0

3-

0 -
t
S -

18
~ 42-

41—

a
° • OzoneTrend

., ,,— (ppb/yr)
8~



Loi igili do
-90 -80 -10

Plate4. S a ii~e35 Pltit e 2 hnt for dt, y s when I he i na xi Inn one nqae ra—

cure tell in the range 300-305 K.

MEDIAN 90th PERCENTILE

L$T~�iJ
66 230 ~

~a

-- 5 510 050 50100 ‘(00

E
~

9 S
>100

NOx Emfliai2r,s fix loiOcnurx,_sIrl.acclI 2 b Ij fl0~ fix UI
0

iiwlxCitus ctii2 >11

“0 411

,30
Ol

!? ssS
<1 IS 5-il) 0150>50

30
t,

E fls~
—I I-S b-lU 11150 >511

VOG E,,,~,o,i>lI 1 l0
11

it’,’k,.,&~,cii, 2 ~ yOU LiiiI~oilxfi I0~.I,UIL,_t,lxxCIII
2

bl)

30

25

i(20

L:
ion ~——SU

c15 IS-S 5-tO 10-iS >15

25

a20

i:~

100

~1
260SIR

<15 155 5-10 10(5 >15
yOU/tb, Ell,’a Sian 11,1,, t,IoVlIIoI} VOctitiO, E,,i’>xlon II,Ii~(pixoVniol)

30 an-
25

~2O 178

~‘ct~-fl~4
IIIJFIAI titlIltIllilAN (lilliAN

25

~2O

I:
i28

272

ii,1
tilillAt StiOtiFlLlAN IIiltiAt-I

- EPA (;Iusapln;aliuu ii ‘A Clisspllc,iiIofl

Vign cc 5. Percent age o I sites wit It si gni licai it osit i ye or negative

trends, sortet I by local NO1 111111 VOC 801fill tigcnic cmi 55i oils,
local VOC/N0

1
. en ission ratio. Intl EPA site cllmssilicalion. ‘flie

total no mnher of sites in c;fc Ii category is given at I lie to p oF eticli bar.

30

25

~~2O

Is

10
5

0

50

45

-2~‘10
3

t0

35

30

25

50-

45-

-120 -110 -100 -90 -80 -10
- Longitude

3

03

-J
35

-

30-

25

:9
0
m
Li’

,1-

r
0
N
0
y

-120 -110 -100



1480 F1ORE ET AL.: OZONE TRENDS IN THE UNITED STATES

are still weaker than in New York City or Los Angeles. Sillrnan
[1993] suggeststhat 03 production in the Chicago urban plume
should beVOC-sensitive.

In conclusion,we tInd decreasingtrends in 03 concentrations
overthe 1980- 995 periodto be Iarge!vconflnedto thethreelargest
metropolitan regions: New York City. Los Angeles. and Chicago.
\Vithin theserectons.the trendsare morepronouncedfor ~ per-
centile concentrations(pollution episodes) than for the medians.

National emissioninventoriesindicatethat VOC emissionsdeclined
by 12% over the 1980-1995ceriodwhileN0~emissionsremained
constant. Although emissiontrendsmayvary regionally. thespatial
distribution of 03 trends in our analysisappearsconsistentwith
photochemicalmodelcalculationsshowingthat 03 producttonover
the United States is N0-Hmited except in large urban plumes
where it is panty VOC-limited [Trainer a aL. 1987: Mi/ford er at,

1989: MoKeen cc at. 199la.b: Rare/fe er at. 199!: Jacob cc at.
1993]. VOC-limited conditions in urban plumes persist longer
under conditions of low dispersion associatedwith pollution epi-

sodesit-, large metropolitanareas [Jacob cc at, 1993: Si’lmr,,r and
Samson.1995]. Abatementof 03 pollutionelsewherein thecoun-
try appearscontingentupona reductionof NO,emissions. -
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