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Executive Summary

Ozone concentrations in Georgia have decreased ovpash@5years On October 1, 2015, the
8-hourozone National Ambient Air Quality Standard (NAAQS) was lowered from 75 ppb to 70
pph. In 2018, threeMetropolitan Statistical Area®1SAs)1 AtlantaSandy Spring$larietta,
Athens, and Augustaexperienced ozone exceedadegs wherethe measured-Bou average
ozone concentratiowasabove70 ppb In comparison, there weteo MSAs with ozone
exceedances in 201 For each ozone exceedamag, the Data and Modeling Unit developaah
initial exceedance report with preliminary ana&ysf air qualitymeteorologicaland emission
data toaid in determininghe cause atheozone exceedancdf ozoneexceedances occur
frequently the design value3fyear average ainnuald™ highestdaily maximum 8houraverage
ozone concentrationspn exceed the ozone NAAQEhdEPA can classify the area as
nonattainment Therecently certified2018 ozone measurements show that Atlastae only
area in Georgiaurrentlyviolating the 2015 ozone NAAQS

A final, in-depthozone exceedance reparasdeveloped for th&letro Atlanta aredo identify
causes ofhe 20B ozone exceedanseThe report includedrend analysis of ozone
concentrationsnd meteorological conditions in Atlanta during 12908; multiple linear
regressiofMLR) analysis Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT)
back trajectory analysis to determine the origin of air masses and establishreoapter
relationships on ozone exd@ce daysanimation ofozone and wind conditions to illustrate
ozone formation and transppaind analysis of VO@ndNOx measurement® understanthe
impacts of precursors on ozofemation Also, a peliminary investigation of traffic congestion
impacts on ozone exceedasaeeas performedNote that all analysis results in this report are
based on Eastern Standard Time (EST).

In summary, the following factors likeontributed to 208 0zone exceedances in Atlanta:

1) Low relative humidity in the afternoon;

2) High dailymaximum air temperature;

3) Low cloud coverage;

4) High ozone on previous days;

5) Low wind speed,;

6) NOx emissionsmainly from local on-road mobile sources

7) High traffic congestiorfespecially in the morning hours) durifgy, August, and
September

8) VOC emissions, mainly frorbiogenic sources in the summer montosj

9) Local transport of emissions from the Atlanta urban core to monitors outside the urban
core

This final ozone exceedance repcah be used tquide future air quality managemearactices
in Georgia taaid in preventinduture ozoneexceedances.
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1. Introduction

Ozonepollution can impair lung function and cardiovascular heaBhoundlevel ozone is formed
in the atmosphere by chemical reactiohsalatile organic compound¥QCs) and oxides of
nitrogen NOx) in the presence aunlight Sources of VOCs includeel combustion, fuel
evaporationpaints, solventsand vegetationNOx emissions are primarily from the combustion of
fuels TheU.S. Environmental Protection Agen¢iPA) loweredthe National Ambient Air Quality
Standards (NAAQS) for grourddvel ozondrom 75 ppb (2008 ozone NAAQ®) 70ppb (2015
ozone NAAQS)o better protect public health and welfare.

Ozone concentrations in Georgia have decreased over thgpeargl) in various Metropolitan
Statistical Areas (MSAs)TheMetro Atlanta areavasthe onlyareain Georgiadesignated
nonattainment for the008ozoneNAAQS andwasredesignated to attainmentdone2017. On

April 30,2018 EPA designatedeven countiedB@artow, Clayton, Cobb, DeKalb, Fulton, Gwinnett,
andHenry) as nonattainmerareador the 2015 ozonBIAAQS.
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Figure 1. Trend of ozone design values byarious MSAs in Georgia

In 2018, threeMSAs (AtlantaSandy SpringMariettg Athens,and Augusta) experienced ozone
exceedances where the measurd@r average ozone concentration was above 70 Ippb
comparison, thereseretwo MSAs with ozone exceedances in Z0For each ozone exceedance
day, the Data and Modeling Unit developedranhal exceedance report with a preliminary analysis
of air quality, meteorological, and emission data to help understand the cause of the ozone
exceedancelf ozone exceedances occur frequertthg design value {($ear average ainnualth
highest ddy maximum 8houraverageozone concentrations) can exceed the ozone NAAQS and
EPA can classify the area as nonattainm&atsed on 208-2018 ozone data, Atlanthastwo
monitorswith design valueabove 70 pplfTablel andFigure2). Only one monitoi United Ave?

i had a 4 highest concentration above 70 ppb in 201&b{e2 andFigure3).

! This isthenew name for thereviously named Conf eder at e Ave. 0 monitor.
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Figure 2. Ozonedesign valuedor five high czone monitors in the Metro Atlanta areaduring
2014-2018.
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Figure 3. Annual 4™ highest daily maximum 8hour average ozone concentrations (ppb) for
five high ozone monitors in the Metro Atlanta area during 204-2018.



Table 1. Annual 4" highest daily maximum 8hour average ozoneoncentrations (ppb)and
design valuefor nine ozone monitors in the Metro Atlanta areaduring 2014-2018.

. : 4" Highest (ppb) DesignValue (ppb)
StteID | County | Site Name  =507m5615] 2016] 2017] 2018 | 2016 | 2017 | 2018
130670003 Cobb Kennesaw 63 66 70 65 65 66 67 66
130850001 Dawson | Dawsonville 66 63 67 65 65 65 65 65
130890002 DeKalb | South DeKalb 70 71 74 68 67 71 71 69
130970004 Douglas | Douglasville 65 70 71 66 64 68 69 67
131210055 Fulton United Ave. 73 77 75 74 72 75 75 73
131350002 Gwinnett| Gwinnett Tech | 68 71 78 65 65 72 71 69
131510002 Henry McDonough 75 70 78 67 69 74 71 71
132319991 Pike EPACASTNET| 66 68 71 62 65 68 67 66
132470001 Rockdale| Conyers 79 68 76 65 69 74 69 70

Thenineozone monitors in the Metro Atlanta area experien@azbne exceedance days in 801
compared td 1 ozone exceedance days in Z0Dzone concentrations by monitors in Atlanta on
ozone exceedance days during28fe summarized iflable2. Ozoneexceedance days by monitor
are displayed ifrigure4 and summarized by month frable3. Thehighest number d2018 ozone
exceedances occurred at theited Ave. monitor located in downtown Atlanta hereweretwo
exceedance daydune 6 and,”20189 when ozone exceedances ated attwo Atlantamonitors on
the same dayFortheothereight exceedance daykhe ozone exceedarsoenly occurred at one
monitorfor each day Figure5 contains thelaily maximum 8hour ozone concentrations at monitors
in and around the Metro Atlanta areaexteedance days.

Table 2. Ozone concentrations (ppb) fomine ozone monitors in the Metro Atlanta area on

exceedances days during28l. -0 findi cates missing dat a.
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Month | Day 2 3 -*g > % § 3 ¥ Gé* 8 | £F €9 & |27 %

63 |5% g | z|»n8 §| 3 |WP = 5 |E8s

g | & 8| 3[° | 2 |2a=
May 1 Tuesday | 60 | 57 | 72 | 59 | 61 | 51 - 66 | 55 1
May 2 Wednesday| 64 | 59 | 73 | 62 | 57 | 54 - 64 | 60 1
May 12 Saturday | 65 | 69 | 54 | 64 | 74 | 51 | 59 | 64 | 59 1
May 13 Sunday 62 | 75 | 49 | 61 | 64 | 51 | 66 | 52 | 52 1
June 4 Monday 65 | 71 | 51 - 66 | 58 | 65 | 57 | 59 1
June 6 Wednesday| 72 | 68 | 51 | 67 | 71 | 58 | 67 | 58 | 55 2
June 7 Thursday | 80 | 62 | 54 | 69 | 61 | 68 | 75 | 64 | 67 2
July 9 Monday 79 55 41 67 52 60 51 58 59 1
July 26 Thursday | 64 72 43 57 58 54 - 54 54 1
August | 15 | Wednesday| 74 | 61 | 48 | 70 | 56 | 56 | 54 | 64 | 70 1




Table 3. Summary of 2018 ozone exceedances fdive ozone monitors in the Metro Atlanta

area.

ID Site Name | April | May | June | July | August | September| October | Total
131210055 UnitedAve. 2 1 1 4
131510002 McDonough 1 1 1 3
130850001 Dawsonville 2 2
132470001 Conyers 1 1 2
132319991 EPA CASTNET 1 1

Total 0 4 5 2 1 0 0 12
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Figure 4. Locations of ozone monitorsaand the number of 2018 ozone exceedance days the

Metro Atlanta area.
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Figure 5. Daily maximum 8-hour ozone concentrations at monitors in and around the Metro
Atlanta area onexceedance days.
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Figure 5 (Continued). Daily maximum 8-hour ozone concentrations at monitors in and around
the Metro Atlanta area onexceedance days.
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Figure 5 (Continued). Daily maximum 8-hour ozone concentrations at monitors in and around
the Metro Atlanta area onexceedance days.

A final in-depth ozone exceedance report was developed for the Metro Atlanta area to identify
causes of the 2@lozone exceedance$he report includedrend analysis of ozone concentrations
and meteorological conditions in Atlanta during 1298; multiple linear regression (MLR)
analysis to understarberelationship between ozone and environmental variaHigsrid Single
Particle Lagrangiaintegrated Tajectory (HYSPLIT) back trajectory analysis to determine the
origin of air masses and establish soweeeptor relationships on ozone exceedance; daysation
of ozone and wind conditions to illustrate ozone formation and trangporanalysis of N@and
VOCsmeasurements to understand the impacts of precursors on ozone farrAtmra
preliminary investigation of traffic congestion impacts on ozone exceedances was perfohised.
final ozone exceedance report can be used to guide future aiy guahagement practices in
Georgia to help prevent future ozone exceedandese that all analsis resultsin this reportare
based ortastern Standard Time (EST).



2. Ozone Exceedance Trends in the Metro Atlanta Area during 1992018

Ozoneexceedance trends in Atlanta during 129018 were analyzed using ozone concentrations
measured atineozone monitors in th®letro Atlanta area, includingightEPD-operated ozone
monitorsandoneEPA-operatednonitor EPA CASTNET) (Table4 andFigure4). Note thatthe
Newnanmonitorthatwasoperatedn 2017 was discontinued in 2@L The 19962018 ozone data
were downloaded from EFAAIr Quality System (AQS)

Table 4. Nine ozone monitorsand their AIRS ID sin the Metro Atlanta area.
ID Site Name
130670003 | Kennesaw
130890002 | South DeKalb
130970004 | Douglasville
131210055 | UnitedAve.
131350002 | Gwinnett Tech
131510002 | McDonough
132470001 | Conyers
130850001 | Dawsonville
132319991 | EPACASTNET

For the purpose of trend analysissximum daily 8hour average ozone concentrations (MDA8O3)
were calculateatthe nine ozone monitors in Atlantdhe nmedianandmean(with +/- one standard
deviation3 MDA8O3 from April to October in 199018 shows thenterannuabariability with a
slight downward trend throughe years Figure6). The annual mean MDA8OS3 in 1989the
highest at 71.8 ppb and decreases to the lowest iniifl137.6 ppb This generally coincides with
GeorgiaNOx (Figure7) and VOC Figure8) emission reductions over the same period of .tifitee
annual mean MDB80O3of 486 ppb in 2018 wathe second lowest after 2013

The MDA8O3 were compared with the 2015 ozone NAAQS (70 ppb) to identify ozone exceedance
days The number of exceedance days during the 2288 ozone seasons shows a similar
decreasing patterriThere were less than 20 ozone exceedanceid2gd 3 2014, an®?015 The
numberof exceedance dayscreased to 29 days in 2016, then dropped to 11 days in 2017 and 10
days in 2018 We see aelatively largenumber of ozone days above 70 ppb in 1993, 1999, 2006,
2011, and 2016ompared with other year3here seems to be ato 7-year period between these
occurrencesThis patterris similar to the Zyearto 7-year period of El NifibSouthern Oscillation
(ENSO), but not peaking in the same yeBurther work is needed ttetermine if there is a

potential connection between ozone concentrations and climate patterns.
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Figure 6. Mean MDA8O3 concentrations (top),mean (red squares),median (middle bars), and

minimum and maximum (top and bottom bars) MDA8O3 concentrations (niddle), and the
number of ozone exceedancgays (bottom) from April to October in 1990-2018 in the Metro
Atlanta area. 2018 values are highlighted in blue and drawn in blue dotted lines. The red
solid line is the average for19902018.
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The monthly average ozone exceedance days and percentage of exceedance ocapriirig in
Octoberare summarized by different time periods durd®§02018 in the Metro Atlanta area

(Figure9). Typically, more than 70% of the ozone exceedances occur during June, July, and August
when temperature is higher and sunlight is stronger, and less than 10% of the ozone exceedances
occurin April and October when air temperature is relatively.lGiere were large interannual
variations of the monthly patterngn 2018, theexceedances occur in Mayndy July and August

while no exceedaneeoccurredn April, September, oOctober

Also, thedaily patterns of ozone exceedances were investigaigdr€10). In recent yearsnore
ozone exceedances occur during weekdays than weekendss bliffehence is small before 2010
Thisis likely due tothelarge emission reduction for industrial sources which have less daily
emissiors variation compared with mobile sourceBhe daily patterns varied significantly 2018
due tofewerozone exceedancestimatyear.

The mean ozone increases on exceedance days were calculated by subtracting ozone concentrations
on one day or two days before exceedance/degstsirom ozone concentrations on exceedance

days Figurell). During 2018, the average ozone incredsm® one day before each ozone

exceedance day in 2018 returned towaingdsmean after the largastrease was seam 2017
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Figure 9. Monthly average number of ozone exceedance days (top) and percentage of
exceedances occurring in that month (bottom) in ozone season by different time periods during
19902018 in the Metro Atlanta area.

11



151 | | - 1990-2018 = 1990-1999 . 2000-2009
o 2010-2018 2017
<2 S S
Q 10
o - _ i
s L
.g =
5 SC_ —
7 L

oC |

Mon Tue Wed Thu Fri Sat Sun

WE | ' - 1990-2018 = 1990-1999 . 2000-2009 3
B 2010-2018 2017 - 2018 =
B B os s 3 e g g i 2 2 B2 e 0 3 i S B 2 2 3 3 —
® E
g =
S e e = I = =
@ = =
e E 3
o — |I | II — B

oF . _, | I , :
Mon Tue Wed Thu Fri Sat Sun

Figure 10. The number (top) and percentage (bottom) of ozone exceedance days by days of
week for different periods during 19902018in the Metro Atlanta area.

20_..'..',.,rr"......11rr.r

g . E

o 15 T

9.5: ] =

— = - T

2 10k T S—— —— S—— e ——

o _F[

W S

° of L

3 35F m =

o =

o 20F . —

- = — =

3.15::—;_ B - - . ccococsncncnccccc e ccccarsacnannnann ; ....... b o e o

o 10E

1 =

0E
O rr A M TOULOMNMODDOrrANMTULOMNODDOFFNMSTLL ©OMNO®
0O DO OO OO OO0OO0OO0OO0O0CO0O0O r™@rr™©r r~:rr.Trr
0O OO0 OO0 OO0 00D 0000000000000 000 00O
v 777 Q0NN NNANNANOANOWNNONOWNOWNNONOWNOWNONONON

Figure 11. The mean ozone increases (ppb) from one dégfore (top) and two daysbefore
(bottom) the ozone exceedance days during 192018 in the Metro Atlanta area. 2018 valueis
highlighted in blue and drawn in blue dotted line The red solid line is the average o990
2018.
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3. Meteorological Conditions inthe Metro Atlanta Area during 19902018

Trends of meteorological conditions in Atlanta during 12908 were analyzed using

meteorological observationstdartsfieldJacksorAtlanta International AirporfHJAIA) (Tableb)
downloaded fronittps://mesonet.agron.iastate.edu/request/download.phtmi?network=GA. ASOS
The observational intervals varied from one hour to several minutes depending on variables.

Table 5. Observed meteorological variables atHJAIA .

Variables Definition Unit
tmpf Air Temperature, typically @ 2 meters degree of Fahrenhe
dwpf Dew Point Temperature, typically @ 2 meters degree of Fahrenhe
relh Relative Humidity %
drct Wind Direction degree from north
sknt Wind Speed knots
. Onehour precipitation for the period from the observat .
pOli ; ) : L inches
time to the time of the previous hourly precipitation res
alti Pressure altimeter inches
mslp Sea Level Pressure millibar
vshy Visibility miles
gust Wind Gust knots
skycl | Sky Level 1 Cloud Coverage %
skyc2 | Sky Level 2 Cloud Coverage %
skyc3 | Sky Level 3 Cloud Coverage %
skyc4 | Sky Level 4 Cloud Coverage %

Mean meteorologicalonditions in @aone season weralculated for each yeérigurel2). Most
variableshave significantnterannualariations except pressure and wind directidn 2018, AM
and PM cloud coveragédefined as the percexge of sky covered by cloudsgreless than the
19902018 averageloud coverages but are more than those in 2@kily maximum temperature
was the third highest and daily minimum temperature was the highest in 20&8 though dew
point temperatures were close to the highest, thevelatimiditywasonly slightly above its
average Temperatures were comparfedm 1930 to 2018Kigure13) and2018showed the third
highestaverage temperatusince 1930 In summary, the meteorological conditions in 2018 were
hot and humidlessfavorable for ozone formatiocompared to thbat and dry conditions in 2016

The meteorologicatonditionswereinvestigated further for the 10 ozone exceedance days in 2018

The relative humidity, cloud fractisnwind speedin the morning and afternoon, and daily

maximum and minimum temperatures on the day before and after each excekeyéewentre

compared to those on the exceedance Eapfel14). For the days without observations, the data

from two days before or after are usétbntinuous exceedances lasting more than one day are
considered as one evern general, the ozone exceedance days feature leleBve humidity,less

cloud coverage, lower wind speednd higher daily max temperatammpared to noexceedance

days Other meteorological variables such as dew point temperature, pressure, and wind direction do
not show a clear pattern with ozone egdancesThis is consistent with the analysis of

meteorological and air quality data durithg period from 1992018 mentioned above.
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values are represented by the red solid lin® facilitate comparison.
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Figure 12 (continued). Atlanta ozone season mean meteorological conditions during 192018.
2018 values are highlighted in blue and representelly the blue dotted line, and 19962018
average values are represented by the red solid litie facilitate comparison
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minimum temperature (blue) during the ozone season (April I October 31) in Atlanta from

1930 to 208. Data were downloaded from NOAA/NCE! (https://www.ncdc.noaa.govy.

16


https://www.ncdc.noaa.gov/

90¢ T 80
E ” @

80 3 A E 70 — E
< 70F - = 60f i ;
== 3 A g
= 60} X 3 = 50F -
S sof E E aof i :

a0 ; 30f A :

30§ ; , ; 20 . ; .

Before Exceed After Before Exceed After
100 F T T T E 90 g T T T
90f E ; ROE 3
9—: — ry E'-: 70 " 1 E
% 80f A 3 i~
- A _ = 60 |
2 A E A
70 i 50 3 ;
60 L 1 1 1 é 40 E 1 1 1
Before Exceed After Before Exceed After

0.8 A ] 0.8} A .
- 06f . o 0.6} ;
3 =3
3 R E | "

(&) L ] B PN o
o 04 A ] 2 0.4f
© 1 Q. :
0.2}F % & ; 0.2f ]
0.0 =+ ] o.of
Before Exceed After Before Exceed After
8 8[
~ 6} : = e} -
$ i | A
g A Lé,, . -
£ 4r 1 i & afF y
AT
5 2F A P ] g 2_— A x =
ol ol

Before Exceed After Before Exceed After

Figure 14. Comparisons of meteorological variables in 208 on the ozone exceedance
days/eventsand the day befordafter the exceedance The red bar is the mean, and the upper
and lower bars (black)represent the standard deviations.All samples are shown (blue
triangles).

17



4. Ozone Regressioinalysis

Multiple linear regression (MLR) analysis waeviouslyused to quantify the relationship between
Atlanta MDA8O3 and environmental variables istady (Cardelino, 2011)In this 2011 study, 15
environmental variables ¢glayl, weekday, and Julian day addition to 12 meteorological

variable$ were usedTable6). Oz-dayl is used to represent chemical production background
assuming slow changes, weekdaysed to represeminissiors variation due to human activities,

and Julian day issedto represent the variations of solar radiation throughout the ozone séason
the 2016 final ozone exceedance report, two additional environmental variables (relhl and relh2)
were added in the MLR analysif the 2017 report, Julian daywhich shows very poor correlation
with ozone in the 2016 MLR analyyis replaced by the daily maximum solar elevation angle
(SunAngle) to better represent the intensity of solar radiafiabl¢6).

For this analysis,ally data of MDABOS3 ad 17 environmental factors are usedhaeMLR to build
a linear relationship of Atlanta MDABO3 and environmental factors assuming independency among
these environmental factors:

U 4 1 9D

where y stands for MDA8O3(@ stands for the environméal factor,| is an adjustment factor, and
] is a weighting factor

The correlation coefficients of MDABO3 and the 17 environmental variables during ozone season
were calculated for different years during 12818 in Atlanta (Table7 andFigurel5). The

difference of correlation coefficients among different years illustrates how the relationships between
Atlanta MDA8OS3 and environmental variables changed through the. yEaesrankingof

correlation coefficients is similar for different yearBhe top 6 most correlated environment
variables (i.e variables with the top 6 highest absolute r)@@ene levebneday agpAM and PM
relative humidity, AM and PM cloud coveragmddaily max temperatureThe daily maximum 8

hour average ozorane dayago (Q-Dayl) is the most coelated environmental variable except in
2017. Daily max temperature is tf889 most correlated environmental variable before 2000, and PM
relative humidity is te 2" most correlated environmental variable after 20D8ily maximum solar
elevation anglethenewly introduced variable, ranks right after the 6 most important variables
(r=0.337) in 19902018. In 2018, daily maximum 8hour average ozorane dayagowas the top
correlated variableThecloud coveragand relative humidityor both AM and PM are theexttop

4 variables The correlation for the daily maximum temperaturenaderaten 2018 even though it

has the2"® highest overall correlation with ozone in 192018

In general, the ozone exceedance days were associated with the following meteorological conditions:

High ozone on previous days (persistence)
Low relative humidity (dry)

High dailytemperature (hot)

Low cloud coverage (high solar radiation)
Relatively low wind speed (calm)

abrwnpE
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Table 6. Daily variables used for the MLR analysis

afternoon (126 pm)

Name Definition Formula Unit
Tmax Daily maximum temperature max(tmpf) degree of Fahrenheit
Tmin Daily minimum temperature min(tmpf) degree of Fahrenheit
TDmax Daily maximum dew point max(dwpf) degree of Fahrenheit
temperature
TDmin Daily minimum dew point min(dwpf) degree of Fahrenheit
temperature
Meansurface pressure in the -
Presl morning (612 pm) mean(mlsps-12)) millibar
Pres? Mean surface pressure in the mean(mls ) millibar
afternoon (126 pm) Ri1218)
. Mean wind direction in the
WDirl moming (612 pm) mean(drcte-12) degree from north
. Meanwind direction in the
WDir2 afternoon (126 pm) mean(drcti2-1s) degree from north
Mean wind speed in the morning
WSpdl (612 pm) mean(sknts-12)) m/s
Mean wind speed in the afterno
WSpd2 (12-6 pm) mean(sknti21s)) m/s
Skvl Mean cloud coverage the mean(max(skycl,skyc2, o
Y morning (612 pm) kyc3,skyc4)e-12) °
Sky? Mean cloud coverage in the mean(max(skycl,skyc2, o
y afternoon (126 pm) kyc3,skyc4)i218) °
03-Dayl Daily Maximum 8hr average i opbv
ozoneoneday ago
WkDay | Day of week Weekday(date) n/a
SunAngle Daily maximum solar elevation | See equations (1) and (i degree
angle below
" Mean relative humidity in the 0
Relhl morning (612 pm) mean(relhe-12) %o
Relh? Mean relative humidity in the mean(relhi21s) %

(1) Solar declination,

¢& uvi Q&——

oQTm

(2) Daily maximum solar elevation angfe, @i @8 OG0 QA H§ QO EJ 06 Q6 R Q
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Table 7. Correlation coefficients of MDA8O3 and environmental variables during ozone
season by time periods during 199Q018 in the Metro Atlanta area.

Name | 19962018 | 19901999 | 20062009| 20162018, 2017 2018
O3-Dayl 0.715 0.702 0.723 0.66 0.636 0.67
Skyl -0.468 -0.508 -0.505 -0.501 -0.667 -0.618
Sky2 -0.345 -0.354 -0.393 -0.393 -0.518 -0.481
Tmax 0.534 0.609 0.584 0.474 0.391 0.313
Tmin 0.262 0.34 0.299 0.174 0.021 0.011
Tdmax 0.087 0.177 0.069 -0.03 -0.182 -0.126
Tdmin 0.076 0.174 0.058 -0.051 -0.173 -0.139
SunAngle,  0.337 0.345 0.411 0.268 0.073 0.336
Presl 0.028 -0.045 0.057 0.058 0.192 0.205
Pres2 0.019 -0.081 0.031 0.052 0.174 0.197
WDirl 0.075 0.153 0.049 -0.003 -0.05 0.174
WDir2 0.101 0.192 0.058 0.028 -0.055 0.19
WSpdl -0.26 -0.33 -0.257 -0.288 -0.333 -0.269
WSpd2 -0.213 -0.255 -0.215 -0.237 -0.31 -0.217
Relhl -0.475 -0.476 -0.543 -0.569 -0.682 -0.6
Relh2 -0.522 -0.501 -0.583 -0.605 -0.665 -0.615
WkDay -0.018 0 -0.03 -0.036 -0.043 -0.013

Note: Top 6 absolute values are highlighted in rEde highest absolute value is in bold.

0.8

Abs(r)

0.0[

04— —

02— ————————\—f—— -

1

06— —

— 1990-2018

— 1990-1999
—— 2000-2009

2010-2018

v
‘50* ‘.os{ﬂQ\‘(‘ o8

QVS‘L (\Q

¥ S

‘“0\{:@\* 0«\

O ¥

N o“‘*&‘

Figure 15. Correlation coefﬂments of MDA8O3 and environmental variables during ozone

seasorby time periods during 19902018in Atlanta. Variables with positive correlation

with MDAB8QOS are labeled in red, and variables with negative correlation are labeled in

blue.
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The above meteorological conditions favor the chemical production of ozone in the lower
troposphere Low relative humidity may reduce the ozone loss through the reaction with water
vapor (Seinfeld and Pandis, 199&)zone formation increases with high temperaturedamd
cloud coverage due to higher solar radiation, leading to more active ozone modHagih

ozone on previous days indicates that the ozone buildup was a md#ipfgocessCalm

conditions correspond to poor dispersion andrdeg®naltransport, indicating that the local
ozone production is important for ozone exceedances intAtlan

The MLR ozone model was first updated using220@18 observation data, and then used to
predict 208 ozone conditionsPerformance of the updated MLR ozone models were evaluated
by comparing the predictions with 20@zone observationg &ble8). The updated MLRzone

model can explain about ZOof the ozone variance (oF)R The mean bias (MB) and

normalized mean bias (NMBre oy reduced slightlyoy using recent data (i,éMB and NMB
for 20132017 are less than those for 202017 and 20112017). The Mean Absolute Error
(MAE), Normalized Mean Error (NME), and Root Mean Square Error (RMSE)Isosimilar

among the updated MLBzone modelsThe MLR model based on the 262018 data is

recommended to be used for future ozone forecdst coefficients of the MLR ozone model
with 2012-2018 dataset are listed ifiable9.

Table 8. Performance of updated MLR ozone model using various datasets during 2011

2018.
Datarange R R? MB? MAE? | NMB? | NME? | RMSE
20112018 | 0.839 | 0.704 | 0933 | 5778 | 1.9% | 11.9% | 7.192
20122018 | 0.841 | 0.707 | 0.66 5692 | 1.4% | 11.7% | 7.097
20132018 | 0.841 | 0.708 | 0.527 | 5.697 | 1.1% | 11.7% | 7.076
20112017 | 0.83 0.689 | 1.191 | 5936 | 2.4% | 12.2% | 7.414
20122017 | 0.832 | 0.693 | 0.865 | 5.828 | 1.8% | 12.0% | 7.293
20132017| 0.831 | 0.691 | 0.703 | 5.844 | 1.4% | 12.0% | 7.293

4VIB is Mean Bias, MAE is Mean Absolute Error, NMB is Normalized Mean Bias, NME is
Normalized Mean Error, RMSE is Root Mean Square Error.

Table 9. The coefficients of the MLR ozone model using dataset during 222018.

Variable Coefficient Variable Coefficient Variable Coefficient
03-Dayl 0.35325 Tdmin -0.07256 WSpd1l -0.17712
Skyl -2.49579 SunAngle -0.11154 WSpd?2 -0.72501
Sky?2 0.03748 Presl -0.46102 Relhl -0.06457
Tmax 0.28067 Pres2 0.11258 Relh2 -0.38795
Tmin -0.26677 WDirl -0.00656 WkDay -0.54249

Tdmax 0.15788 WDir2 -0.00383 Constant 368.76019
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5. Ozone and Meteorological Conditions

Impacts of meteorological conditions on ozdoenation and transpowere investigatewith
ozone and meteorological condition time sepleds, Hybrid Single Particle Lagrangian
Integrated Trajectory (HYSPLIRttp://www.arl.noaa.gov/HYSPLIT _info.phack trajectory
modeling,animationof ozone and wind conditionand analysis of-ininute ozone time series
data

5.1 Hourly Ozone and MeteorologyTime SeriesAnalysis

Time series of hourly ozorsag all exceeding monitors during each exceedance panidd
correspondingneteorological variables (temperature, relative humiditygl solar radiatiorgt

the Suth DeKalb monitowere develope@Figurel6 - Figure21). The time series were
developed for all exceedance dayshe MetroAtlantaareawhen oneor moreozone monitas
excee@dthe NAAQS Each time series platcludesthe data for one day befoeach
exceedanceOzone exceedancaseassociated with high temperature and low relative humidity,
as well as high solar radiation as identified in the previous sections.
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Figure 16. Time series of thour ozone concentrations (left yaxis), solar radiation (the first
right y -axis), 2m temperature (the second right yaxis), and relative humidity (the

rightmost y-axis) for April 30-May 3, 2018.
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Figure 17. Time series of thour ozone concentrations (left yaxis), solar radiation (the first
right y -axis), 2m temperature (the second right yaxis), and relative humidity (the
rightmost y-axis) for May 11-14, 2018.
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Figure 18. Time series of thour ozone concentrations (left yaxis), solar radiation (the first
right y -axis), 2m temperature (the second right yaxis), and relative humidity (the
rightmost y-axis) for June 3-8, 2018.
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Figure 19. Time series of thour ozone concentrations (left yaxis), solar radiation (the first
right y -axis), 2m temperature (the second right yaxis), and relative humidity (the

rightmost y-axis) for July 8-10, 2018.
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Figure 20. Time series of thour ozone concentrations (left yaxis), solar radiation (the first
right y -axis), 2m temperature (the second right yaxis), and relative humidity (the

rightmost y-axis) for July 25-27, 2018.
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Figure 21. Time series of thour ozone concentrations (left yaxis), solar radiation (the first
right y -axis), 2m temperature (the second right yaxis), and relative humidity (the
rightmost y-axis) for August 14-16, 2018.

5.2 HYSPLIT Back Trajectory Analysis

The Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) back trajectory analysis
was conducted to determine the origin of air masses and establishismaur relationships

on ozone exceedance daygheHYSPLIT model is one of the most extensively used

atmospheric transport and dispersion models in the atmospheric sciences comimnhisy

analysis, HYSPLIT 24our backtrajectories were computed for each ozone exceedance8n 201
ateachexceedingpzanemonitorin Atlantausingthe North American Mesoscale (NAM) archive
datasetavailable at a 1-km resolution from National Oceanic and Atmospheric Administration
(NOAA). For each 208 ozone exceedance at a monitor, three iegjectories were computed

for air parcels ending at heights of lIi@ters, 500netersand 1,000neters at the time of the

1-hour peak ozone concentratson

Figure22-Figure26 containHYSPLIT trajectories foall exceedingnonitorsin 2018. The long
trajectories aressociated with higher wind speed and indicate more opportunities for transport
impacts, while shorbr circulartrajectories are associated with lower wind sgeed indicate
stagnanbr recirculationconditions and more opportunities for local impacts

The trajectories for the height of 16teters aexceedancenonitorsshow mixed effects
strong local impacand a longrange transportThetrajectories at th&/nited Ave. monitor on
June 7 and July,2018(Figure22), theMcDonoughmonitoron July &, 2018(Figure23), the
Conyers monitor on June BO18(Figure25), and the EPA CASTNET monitor on June2018
were relativelyjong and indicatenortherly orortheasterlywinds were dominantThe
trajectories at th&nited Ave. monitor on June 6 and August, PZD18(Figure22), the
McDonough monitoon May 13 2018(Figure23), andthe Conyers monitor on May 12018
(Figure25) were relatively short and indicate nossterly winds were dominant he
trajectory at the McDonough monitor on Jun@18(Figure23) was relatively long and

2 ftp://arlftp.arlhg.noaa.gov/archives/nam12/
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indicate northerly winds were dominarthetrajectories at the Dawsonville monitor were
relatively short and indate southeasterly wind©verall trajectories on exceedance days passed
through nonattainmemobunties in the Metro Atlanta areln 2018, naurbanscale recirculation
was observed for exceedance datya 100m height Based orthesetrajectory analysis results
exceedances in 20Hppeato be transport of ozone and precurdoom the Atlanta urban core

as well as local ozone productionthe downtown Atlanta area

26



86°W  85.5°W  85°W  84.5°W  84°W = 83.5°W  83°W il Y bl — ="

35.5°N — ? — — foom R C RS TAAGR  — o606 ]
1 R e AT PN — e’
L ;gg m — 82'83 37N —. ?ggOm .‘"f*“""},"&’ gs-g;g
—— m R T a s — 08-15
— 1000 m 07-09 36°N ".7A"‘.'£:‘1' ..
35°N | — S 08-15 7 eI R S
| A TR S
S ey [ 31
o AP R
e T R AT
34.5°N
33°N
\ 1 ¢ 32°N].
34°N \ ra 31°N
\ r EE
100m
N
33.5°N 2]
%35 20 35 spomo 5 0
£3
321
Lr 3 14
33°N = : : . : :
-25 =20 =15 1000nT10 -5 0
2: —
2]
325°N7 ’_IQ 0—I25 —YZD —:Il5 —IID —rS IIJ

Hours before 1-hr max.

Figure 22. HYSPLIT 24 hour back-trajectories for exceedances at th&nited Ave. monitor and trajectory path heights.
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Figure 23. HYSPLIT 24 hour back-trajectories for exceedances at the McDonough monitor anajectory path heights.
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Figure 24. HYSPLIT 24 hour back-trajectories for exceedances at the Dawsonville monitor and trajectory path heights.
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Figure 25. HYSPLIT 24 hour back-trajectories for exceedances at the Conyers monitor and trajectory path heights.
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