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Analysis of 2017 Monitoring Datdiine 15, 2018

Executive Summary

The purpose of this project is to compare ambient air monitoring data collect2d17 in the Capital

Area Council of GovernmentSAPCOE0-02 dzy ié NBIA2y 2F [/ SyiaNr t ¢SElFa |
ozone (Q0 odc€ptualmodel ¢ ¢ KA OK S @I f dzk2015'Rhe RARCOG régibR iMcludes m n

Bastrop, Blanco, Burnet, Caldwell, Fayette, Hays, Lee, Llano, Travis, and Williamson Counties. Five of

these counties constitute the AustiRound Rock Metropolitan Siatical Area (MSA): Bastrop, Caldwell,

Hays, Travis, and Williamson CountiEsis report is based on

1 Osdata collected at:
o 062 aNB IdzintindodsNaE rhonitoring stations (CAMS) opethty TCEQ in
Travis County (CAMS 3 and 38);
0 eight nonregulatay G; CAMS operated by CAPCOG throughout the re@&MS 601,
614, 684, 690, 1603, 1604, 1675, and 6602); and
o one nonregulatory QCAM LISNI 6§ SR o6& {G® 9RgI NRQa | YADBSN
1 Meteorological data collected at these 11 CAMS and two weather sgbperated by the
National Weather Service (NWSTAMS 5003 and CAMS 5005;
1 Colocated fineparticulate matter (PMs), nitrogen dioxide (N, and sulfur dioxide (SPDdata
collected at CAMS 3.

/ !t / h D Qashdwgthtatf, cbraparad to 2016 whethere was only one day witlaximum Daily 8
Hour Ozone Averag®MDA8 Q) measured >70 pplihere were fewer days in 2017 with high relative
humidity and more days with a high diurnal temperature charpeh of these conditions could have
led to the ncrease in MDAS8 neasured >70 ppb days in 20However, 2017 data for goollutants,
namely NQand S@, werenot consistent with either 201:2015 or 2016 data trends which showed that
as MDAS @increase so to would those pollutants.

Othersignificant findings included:

1 There were fewer days in 2017 with high relative humidity and more days with a high diurnal
temperature changehan there were in 2016, both of these conditions make ozone formation
more likely.

1 The 2017 data continued the 26 trend of February having substantially more days with MDAS8
X pp LW GKFY ¢ 3820186Sl &dzZNSR FNRBY HAMA

1 The general relationships between meteorology and high MDA 2017 were consistent with
the relationships observed 2042015 and 2016.

1 Backgromd MDAS8 Qlevels were slightly, but statistically significantligher in 2017 and 2016
than what was typical for 2012015.

9 Local contributions to MDA8s@evels were substantially and statistically significantly lower in
2017 and 2016 than what was fgal for 20162015.

This report includes:

1 General summaries of:@ata in the region fron2017compared to 2012015and 2016
(Section2);

1 http://www.capcog.org/documents/airquality/reports/2016/Deliverable 3.2
CAPCOG_0Ozone_ Conceptual Model 2016.pdf
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Analysis of the temporal profiles and features afp@llution in the regiorin 2017compared to
20102015and 2.6 (Section3);

Investigations of potential relationships between meteorology asg@utionin 2017

compared to 201€2015and 2016Sectiord);

Analysis of correlations betweers @ollution and ambient Pk, NQ, and S@concentrationsn
2017 comparedto 20102015and 2016(Sectiorb);

Analysis of spatial patterns in regional@llution, and investigation of relationships between
emissions and ambients@oncentrations in the regiom 2017 compared to 201€015and
2016(Sectione); and

Analysis othe potential the changes in NOX emissions between 2016 and 2017 could explain
the increase in the O3 levels observed within the region in 2017 compared to 2016 (Section 8)
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1 Introduction

The purpose of this project is to compa&2@17F YO ASY G FANJ Y2YAUG2NAY®E RIFGF O2
county region of Central Texas that consists of Bastrop, Blanco, Burnet, Caldwell, Fayette, Hays, Lee,
[fFy2Y ¢NI@AasS YR 2Aff Al YaDyonteptdayhddel CAPCOG G K / ! t / h
developed @conceptual models for thAustinrRound RockMSAin 2004, 2007, 2010, 2012, and 2015.

/ !t /| h D CQanceptnaimodel extended to cover all 10 counties in the CAPCOG reging data

from 20102015 This project buildon this most recent data, comparing the ZDair pollution and

meteorological datdo the 20162015and 2016data used for the most recent conceptual moded

2016 dataanalysis

1.1 Air Quality Monitoring Network for the CAPCOG Region

A map of theCAMSusedfor the 20102015 Conceptual Model and this repastshown belowRed

circlesare TCEQ stations that collected &d meteorological data between 2010 and Z0green

circlesare CAPCOG stations that collectech@d meteorological data for at least some time between

2010and 20, YR G KS o0f dzS OANXDt S A athdtcofedied QKRG NRQa ! YA S
meteorological datan 2017

Figurel-1. CAPCOG regi and CAMS used fori020-2015 Conceptual Model, the 2016 ar2®17Data Analysis
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Information on Air Monitoring Stations in the Region

20K 27

¢/ 9vQa

Y Beflorali Reld&ngeaMethad (FRENE Iy G A 2 WB D

stations are not FR or Federal Equivalent Method (FEM), although they doBEmsgronmental
Protection AgencyHPA.-approved sampling methods in a research capaEitya used for this analysis

were20 0 AYSR FTNRY ¢/ 9vQa

[ SI RAY 3

9 v & ONBiy sySeying |

following table provides identifying information on each of the monitoring stations CAPCOG used for

this analysis.
Tablel-1. Ambient air monitoring stationsused in 20162015 Conceptual Mdel and 2016 Data Analysis
CAMS Name County Latitude Longitude Owner
3 Austin Northwest Travis 30.3544356 | -97.7602554 TCEQ
38 | Austin Audubon Societt  Travis 30.4831681 -97.8723005 TCEQ
601 Fayette County Fayette | 29.9624745 -96.7458748 CAPCOG
614 Dripping Springs Hays 30.2146162 | -98.0833473 CAPCOG
674 CAPCOG Round Roc  Williamson | 30.5327780 -97.6850000 CAPCOG
675 CAPCOG San Marcoi  Hays 29.890330 = -97.8908330 CAPCOG
684 McKinney Roughs Bastrop | 30.1408770 -97.4588971 CAPCOG
690 CAPCOG Lake | \\uiamson | 30.6664421 -07.7345790 CAPCOG
Georgetown
1603 = Gorzycki Middle Schoc  Travis 30.2163970 -97.8937440 CAPCOG
1604 Lockhart Caldwell = 29.8649170 -97.6649360 CAPCOG
1605 {G® 9RgI NR  Travis 30.2285360 -97.7543950 { (i ® 9RgL |
1675 =~ CAPCOC San Mas Hays | 29.8622810 -97.9288560 CAPCOG
Staples Road
g602 = CAPCOG Hutto Colleg \yiiamson | 30.5457060 -97.5417940 CAPCOG

Street

1.3 Availability and Completeness Statistied Oz Data by Monitoring Station

In order to provide perspective on the overall aghility of MDA8 @values for analysis, the following
figure shows the percentage ot®ason MDAS values available for each monitoring stati@017.

¢ / 9 v Q & manifods coliected data yearound, the eight CAPCOG CAMS collected data froma mid
Februay to midNovember and the St. Edwards University CAMS collected data frontebduary to

the end of DecembeiFor regulatory purposeshe EPArequires at least 75% data completeness during

by

I NB I QéeasdrF ENDAF r2 A G2 NRa

RIFGF

02

68 dzaSR AY

official Q season iMarch 1¢ November 30, so the figure below represents the percentage of total

possible MDAS8 values available each year during these 27531ays$. Q &

data completeness statistics fog @ata to be considered valid.
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Figurel-2. CAMS MDAS8 ¢Value Data Completeness for tH0170; Seasonby Ste
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The following figure shows a summanfythe number of @monitors with MDAS8 values used in this
analysis by day of the year in 201

Figure1-3. Number of Monitors with RecordedDA8 Q Valuesby Datein 2017
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1.3.1 TemporarySuspensiorof CAPCOG Mators

On June 06, 2017 CAPCOG suspended activities on all CAPCOG monitoring sites due to a loss of State of
Texas funding. Monit@rcontinued to collect data howeveatonitoringoversight and data validations

were suspendedJune data validations were conepkd before monitoring activities were suspended

however, 5pt calibration checks were not performed in JWjonitoring activities resumed on July 18,

2017

1.4 Accuracy of ®@Monitors in the CAPCOG Region Kdonitors

Ly O2YLI NAYy3 G4KS RIGE F2NJ/ 't/ hDQa adrdirzya G2 ¢/
CAPCOG uses sigrahtly different datahandling procedures for itsf@ata than TCEQ uses in terms of

how Q instrument calibration results are handled:

f TCEQ uses automated calibration systems preaformweekly threeLJ2 A y i LINSOA&A2Y 064
checks and fiv@oini OF f AOGNF GA2ya SOSNE (g2 6SS14a FyR ¢/
corrections following each fivpoint calibration and intercept corrections after every three
point check in order to have the data report osO2 Yy OSY G N> A2y a GKI G | NB
2y GKS OFftAON)IGA2Y NBadzZ Gad ¢/ 9vQa Spamdi2Yl GSR
checks that check a 0 ppb and 400 ppb level in order to ensure that the values are within
acceptable ranges.

1 CAPCOG uses manual calibrations for its own monitmis month and simply accepts data as
long as the instrument is within the acceptable ranges of deviation.

1 CAPCOG paid for periodic manual calibrations of CAMS 1605 at St. Edwards University during
2017 using the same data acceptance principles asit@&®f / | t / hDQ& 26y &0l (A2

a
O

¢tKS F2tft26Ay3 GlofS adzyYFENART S&a (GKS adlraradarda F2N
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Tablel-2. Summary of CAMS 3 and 38 Precision Calibration Checks, 2017

Statistic

CAMS 3 CAMS 38

Number of Precision Checks, Including FReint Calibrations
Number of FivePoint Calibrations
Avg. Bias (ppb)
St. Deviation Bias (ppb)
Min. Bias Value (ppb)

Max. Bias Value (ppb)

Pt

2T /1t / hDQa

Avg. Error (

ppb)

St. Deviation Error (ppb)
Min. Error Value (ppb)
Max. Error Value (ppb)

statisticsfoNJ 0 KS T n

University CAMS.

LJLJIO

54 55

15 16
-1.81 2.09
0.52 0.56
-20.35 -20.9
-17.35 -16.8
1.83 2.12
0.52 0.56
-0.35 -0.9
2.65 3.2

Ot AoNI GAZ2Yy OKSO1l &It dSa

GSNBE gAd

OFfA0NI GA2y OKSO1a Id SIFIOK 2F |/

Tablel-3. Summary of Deviations from 70 ppb Calibration Checks at CAPCOG and St. Edwards CAMS in 2017 (ppb)

Month CAMS' CAMS | CAMS CAMS CAMS | CAMS| CAMS| CAMS CAMS
601 614 684 690 1603 1604 | 1605 1675 6602
Feb. 2.3 1.0 0.6 2.6 0.5 0.4 n/a 0.9 1.0
Mar. 1.0 15 0.5 0.8 1.0 0.5 n/a 0.5 1.4
Apr. 0.4 0.4 0.9 0.7 1.0 0.7 15 0.2 1.2
May 0.8 0.6 1.2 0.6 0.6 1.0 n/a 0.9 1.2
Jun. 0.9 0.9 0.8 1.0 1.0 0.6 n/a 0.9 0.7
Jul. 0.6 n/a n/a n/a n/a n/a n/a n/a n/a
Aug. 1.1 0.6 1.0 0.3 0.7 0.9 n/a 0.5 0.8
Sep. n/a n/a n/a n/a n/a n/a n/a n/a n/a
Oct. n/a n/a n/a n/a n/a n/a n/a n/a n/a
Nov. 0.6 0.8 0.6 0.9 0.6 0.8 n/a 0.7 0.4
Avg. 1.0 0.8 0.8 1.0 0.8 0.7 15 0.7 1.0
St.Dev. 0.6 0.4 0.3 0.7 0.2 0.2 n/a 0.3 0.3
Min. 0.4 0.4 0.5 0.3 0.5 0.4 15 0.2 0.4
Max. 2.3 1.5 1.2 2.6 1 1 15 0.9 1.4

1.5 Attainment Status

The two FRMmonitors in the region have officialar Q design valasof 0.069parts per million

(ppm)at CAMS 3 and 0.067 ppm at CAMSr38aning that theyhat are attaining the 2015 £National
Ambient Air Quality StandardBlIAAQYPof 0.070 ppm. The research monitors that CAPCOG operates are
not FRM stdbns and therefre arey 2 (i

However their data @n indicate if thereare QINR 6 f SY &
monitors. CAMS $ad the highest ear average of its®@highest MDAS in the regn (0.069pm)

dza SR

2

Sadlof Aack
GKEG FNB y2i

0KS. NS3IA2YyQa

A8GGAY 3

among all monitors in the regioAdmongthe research monitors, CAMS 614 and 690 had the highest 3
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year average of their'¢highest MDAS8 (0.068 ppmiEPA designated all taounties in the CAPCOG
regionasd I G 0 | AnelesSifablé e 2015 0; NAAQSN Novemberl6, 2017

1.6 Overview of Findings from the 202P015 Q Conceptual Model
Some of thamore significant findings from the 2012015 Q Conceptual Model includkthe following:

1 There were statistically significant differencesigh MDA8O; (>70 ppb) formationn the
AustinRound Rock MSA comparedhigh O; formationin Fayette County

1 MDAS8 Qlevels >70 ppb occurred as early as March and as late as October, and occurred most

frequently in August.

MDAS8 Q levelsxb5 ppb occurred as early as February and as late as November.

Start hours for MDAS8 £>70 ppb were as early as 9 am and as late as 1 pm within the Austin

Round Rock MSA with a much wider range of values for Fayette County.

1 MDA8O:> 70 pphtendedto formin the regionwhen:

o Mid-daywind speedwvaslow ¢ typicallyless 7miles per hour (mphdr less

o0 Mid-day temperaturesvere high¢ typically 90 degrees Fahrenheit or higher;

o Diurnal temperature changes were largéypically23 degreesor more

o Mid-dayrelative humidityaveragesvere low ¢ typically30%or less and

o0 Mid-day solar radiatiomveragesere highg typically over 1.8 langleysminute.
1 MDAS8 QX p pgpb tended to form in the region when:

o0 Mid-daywind speedwas lowg typically less than 9 mph;

o Mid-day temperatures were hightypically 82 degrees Fahrenheit or higher;

o Diurnal temperature changes were largéypically more than 33 degrees;

o0 Mid-dayRH averagewere lowc typically 30% or less; and

o0 Mid-day solar radiatiomveragesere highg typically over 1.1 langleysminute.

1 There were statistically significant myjtollutant correlations between high MDA @vels
and high 24hour PM s concentations.

1 Regression analyses of high MDA8eVels at CAMS 3 and CAMS 38 showed that the following
factors were statistically significant in high MDA8&Yels between 2012015 at a significance
level of 0.05:

0 Averagewind speeddetween 12 pm and 4 pm

Average temperature between 12 pm and 4 pm

Diurnal temperature change

Averagerelative humiditybetween 12 pm and 4 pm

Solar radiation between 12 pm and 4 pm (at CAMS 38 only)

Day = Sunday

0 Year = 2013%cpefficient =2.42 ppb for CAMS 3 amdl.62 ppb forCAMS 38)

f WhenMDA8®@g I & HTtn LIIWBXZ dol Ol3INRdzyRe a5! y-610 f dzSa
ppb, with local emissions contributing the balance

1 MDAS8 Qlevels > 70 ppb were 160 times more influenced by anthropogenic dEissions
than by anthropogeni¥/olatile Organic Compoundg@Q emissions.

9 Substantial and lonterm downwards trends in mobile source Némnissions resulted in
significant decreases in regional MDA8&els between 2010 and 2015 and were expected to
continue to drive MDAS8 §evelsdown in 2016 and beyond.

= =

O O O 0o

2 Federal Register/Vol. 82, No. 226ttps://www.gpo.gov/fdsys/pka/FR017-11-16/pdf/2017-24640.pdf
[accessed 5/14/2018]
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1.7 Key Questions for this Analysis
Some of the key questions for this analysis are:

1 Were the conditions for high MDA& @vels in 207 similar to the conditions that were typical
of high Qlevels in 201€2015and 201&

1 Did factorghat lead to high MDAS8 Qevels in the region between 20D15and in 2016ccur
with any greater or less frequency in 21

2 Analysis ofDaily Maximum 8Hour Os Dataand Seasonal £€Exposure

This section provides general data on the MDAS levels measuted region in 201. This includes

analysis of days when MDAS levels were >70 pp&,®ppb, and <55 pphlyhich correspondso the

20150; NAAQSD: Air Quality IndeXAQN@ | f dzSa 2F adzy KSEHf GKeé¢ 2N adzy KSI f
105ppbad 7y p LILI6 = NB & LIS Ol A f 18IS 0 X YI2yRFS N& Ti2SER &0 pdpr pp  LIL
both monitor-by-monitor and regioawide. For regional analysis, the highest MDAS8 value recorded in

GKS NBIAZ2Yy ¢2dAd R RSIGSNN¥AYS GKIG RFeQa OflaaiaTAaol i

2.1 High Q Measurements by Monitoring Station

The following figure shows theercentageof total number of MDAS8 values that were <55 ppb; &b
ppb, and >70 ppb for each monitoring station and for the region during the officed&3ornin 2017
(March-November).Therewassevendays in 201 4vith MDAS levels measured abové ppb. MDAS8
was measured at 55 ppb or above b8% of days in 0zone season

Figure2-1. Percentage of @season days when monitored MDA8 was-35 ppbor > 70 ppb, 201
25%
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15%

10% +— ——

5% 4 — — —

0% T T T T T T T T T T T T 1

&) b ™ Q > ] ) \) Vv > >
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0 oo®
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55-70 ppb m> 70 ppb
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The following tables provide more detailed data on the number of tlagiseach monitor measured
MDAS8 values >70 ppb, 53 ppb, and <55 ppin each year from 2022017. Summaries of the total
numberof observations and thesgional pe& are also included.

Table2-1. Days with MDA8 ®@> 70 ppb by monitoring station and year

CAMS 2010 | 2011 | 2012 @ 2013 | 2014 | 2015 2016 | 2017 | Total
3 8 13 6 1 0 8 1 3 40
38 3 6 6 3 0 7 0 1 26
601 1 10 1 2 1 2 0 0 17
614 4 9 6 0 0 5 0 1 25
684 0 5 4 0 0 1 0 0 10
690 1 6 8 9 0 5 0 3 32
1603 n/a n/a n/a n/a 0 6 0 0 6
1604 n/a n/a n/a n/a 0 0 0 2 2
1605 n/a n/a n/a n/a n/a n/a 0 0 0
1675 n/a 2 6 3 0 3 0 0 14
6602 n/a 13 0 1 0 4 0 0 18
RegionWide 12 21 12 10 1 12 1 7 76
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Table2-2. Days with MDA8 @55-70 ppbby monitoring station and year

CAMS 2010 | 2011 | 2012 @ 2013 | 2014 | 2015 2016 | 2017 | Total
3 32 57 45 49 28 49 34 31 325
38 30 65 54 44 36 47 28 32 336
601 24 50 25 28 28 33 15 33 236
614 26 69 38 19 24 45 22 25 243
684 23 54 42 24 2 32 8 8 193
690 17 64 43 45 29 40 20 41 299
1603 n/a n/a n/a n/a 8 44 23 15 90
1604 n/a n/a n/a n/a 21 31 23 34 109
1605 n/a n/a n/a n/a n/a n/a 2 12 14
1675 n/a 16 41 28 17 41 16 23 182
6602 n/a 41 31 38 0 34 15 27 186
RegionWide 37 75 70 63 52 60 48 48 453

Table2-3. Days with MDA8 @<55 ppbby monitoring station and year

CAMS 2010 @ 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | Total
3 316 267 298 310 329 302 329 323 | 2,474
38 326 286 297 300 315 296 334 323 2,477
601 180 161 159 179 172 209 315 217 | 1,592
614 152 138 164 178 170 188 243 233 | 1,466
684 169 149 166 191 198 219 266 254 | 1,612
690 179 136 145 158 177 198 250 219 | 1,462
1603 n/a n/a n/a n/a 155 204 239 244 842
1604 n/a n/a n/a n/a 163 217 240 219 839
1605 n/a n/a n/a n/a n/a n/a 318 295 613
1675 n/a 26 168 184 176 205 250 227 | 1,236
6602 n/a 117 168 174 0 164 257 211 1,091
Total 316 269 284 292 312 293 317 310 2,393

Thefollowing figure shows the number of days when the regional peak MDAS8 value ¥eas3<55 ppb,
55-70 ppb, and >70 ppb by year.
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Figure2-2. Number of days when regional peak MDA§ ®as <55 ppb, 550 ppb, aad >70 ppb by year
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In 2017, there more days when MDAB8IEvels were 55 ppb or higher than 2016 but fewer than 2015.
In order to determine if the distribution of days in 20Was statistically significantly different than

CAPCOG performed a series of&hj dzI NB

iSada

2y

GKS RA&AGONROdzIAZ2Y 27

55-70 ppb, and > 70 ppb ranges in Z&bmpared to what would be expected for 262016, 2010
2012,20132015 and 20142016 The following table summarizes the resuitding when therds a
statistically significant difference at a 0.10 significance level *, 0.05 significance level **, or 0.01
significance level ***

Table2-4. P-values of chisquare tests comparing 2010; AQI days to 200-2016AQI days

Years <55 ppb, 5570 ppb, >70ppb, f pp LILIO 2
2010 0.0649742769 0.3569436134
2011 0.0000032037* = 0.0000010918&**
2012 0.003136941%* @ 0.0007756288*
2013 0.0613899704 0.018502395#*
2014 0.0000000136* 0.7663595868
2015 0.0649043437 0.025343847%
2016 0.00000001 3#** 0.3457580363
20102012 0.0154061484* | 0.007803147#*
20132015 0.0013755119* = 0.0003689137**
20142016 0.1531954609 0.0568044862
20102016 0.0881174475 0.2199436115

This analysis shows that the distribution of days into th&Qeranges in 2071 wasnot significantly
different from what was typical of 2012016, but there wasa statistical differencéor two three-year
periodsin that span; 2012012, 2015and 20132015 The2017<55 ppb, 5570 ppb, >70 ppb
distribution was alsaignificantlystatisticallydifferent from everyindividual@ S | vitidtkie exception of
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2010 while the 2017 p p LJLJO Zdisthbutipmpwassibistically significantly differerin 2011, 2012,
2013, and 2015

2.2 Average of 4 Highest MDAS8 @in 2017

Compliance with th€0150; NAAQS is based on the average of the yedrlgigh MDAS values over

GKNBS @SIFNBR® 9t! Qa4 Y2RStAy3d 3IFdARIFIYyOS NBO2YYSyRa
baseline and future analysis years f@alculating relative response factors (RRFsgse averages of the

top 10 days tend to be very close to th&-Highest MDAS valueJherefore, the following tables

present the top 10 days measured at each monitoring station each year, as well as thgeagkthe

top 4 days and the average of the top 10 dalse table also indicateshether the 2017 values were

lower than, higher than, or within the 95% confidence intervals for 224102, 20132015 and 2014

2016 CAMS 1603 and CAMS 1604 onbude 95% confidence intervals for 262@16 since these

monitorsdid not start operating until 2014nd CAMS 1605 does not include 95% confidence intervals

since the monitor has only operated for two years.

Table2-5. CAMS 3 top 10 measured MDAg @lues by year
2017in C.I. 2017in C.I. 2017 in C.I.

Rank 2010 2011 2012 2013 2014 2015 2016 2017  for 2010 for 2013 for 2014
2012 2015 2016

1 77 82 94 79 69 85 72 71 Low Yes Yes

2 76 79 87 70 65 83 67 71 Low Yes Yes

3 75 78 80 69 63 82 66 71 Low Yes Yes

4 74 75 74 69 62 73 64 70 Low Yes Yes

5 73 75 73 68 62 73 64 69 Low Yes Yes

6 72 74 71 68 62 73 63 68 Low Yes Yes

7 72 74 68 67 61 72 63 67 Low Yes Yes

8 71 74 68 67 61 71 62 67 Low Yes Yes

9 69 73 67 66 61 70 62 64 Low Yes Yes

10 68 73 67 65 60 69 61 63 Low Yes Yes
Avg. Top 4| 75.5| 785| 83.8 718 64.8 80.8| 67.3| 70.8 Low Yes Yes
Avg. Top 10 72.7 75.7 749 688 62.6 751 644 8.1 Low Low Low

Table2-6. CAVS 38 top 10 measured MDA8&®@alues by year
2017inC.l. | 2017inC.l. | 2017 inC.l.
Rank 2010 | 2011 2012 | 2013 | 2014 | 2015 2016 | 2017  for 2010 for 2013 for 2014

2012 2015 2016
1 76 78 80 74 68 82 69 73 Low Yes Yes
2 72 76 78 73 63 81 65 68 Low Yes Yes
3 71 73 78 72 63 80 64 67 Low Yes Yes
4 70 73 76 70 63 73 62 67 Low Yes Yes
5 69 71 74 68 63 71 61 66 Low Yes Yes
6 68 71 72 68 62 71 61 66 Low Yes Yes
7 66 69 70 68 62 71 61 65 Low Yes Yes
8 65 69 70 68 62 69 60 63 Low Yes Yes
9 65 68 69 67 61 68 60 63 Low Yes Yes
10 64 68 69 66 61 67 60 63 Low Yes Yes
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2017inC.l.  2017inC.l. 2017inC.L
Rank 2010 2011 2012 2013 2014 2015 2016 2017 for 2010 for 2013 for 2014

2012 2015 2016
Avg.Top4 723 75.0 78.0 723 64.3| 79.0 65| 68.8 Low Yes Yes
Avg. Top 10 68.6| 716 73.6| 69.4 628 73.3 62.3 66.1 Low Yes Yes

Table2-7. CAMS 601 top 10 nzsured MDAS8 @values by year
2017in C.I. | 2017inC.l. | 2017 inC.l.
Rank 2010 2011 2012 2013 | 2014 2015 2016 2017 for 2010 for 2013 for 2014

2012 2015 2016

1 73 79 72 74 73 73 67| 69 Low Low Yes

2 67 77 69 74 69 72 60| 69 Yes Yes Yes

3 66 76 69 68 69 70 60| 67 Yes Low Yes

4 65 75 68 64 69 70 59| 64 Yes Low Yes

5 65 74 64 63 68 67 57| 64 Yes Yes Yes

6 65 73 64 62 66 65 57 64 Yes Yes Yes

7 64 73 63 62 66 64 57 63 Yes Yes Yes

8 63 73 61 61 66 62 56 62 Yes Yes Yes

9 61 73 61 60 64 62 56 62 Yes Yes Yes

10 61 72 61 60 63 62 56 62 Yes Yes Yes
Avg. Top4 | 67.8| 76.8 69.5 70.0/ 70.0 71.3 61.5| 67.3 Yes Low Yes
Avg. Top 10, 65.0| 74.5| 65.2| 64.8| 67.3| 66.7 585 64.6 Yes Low Yes

Table2-8. CAMS 614 top 10 measured MDA8@lues by year
2017in C.I. | 2017inC.l. 2017 in C.l.
Rank 2010 2011 2012 2013 2014 2015| 2016 2017 for 2010 for 2013 for 2014

2012 2015 2016

1 80 86 77 69 70 79 66 72 Low Yes Yes

2 78 83 76 69 64 76 66| 68 Low Yes Yes

3 73 79 73 68 63 72 66 67 Low Yes Yes

4 72 77 73 67 63 71 65| 67 Low Yes Yes

5 70 77 73 64 62 71 64| 66 Low Yes Yes

6 70 76 71 64 61 70 63| 66 Low Yes Yes

7 69 74 70 62 61 70 61| 65 Low Yes Yes

8 67 71 70 62 61 69 61| 63 Low Yes Yes

9 66 71 68 62 61 69 61 62 Low Yes Yes

10 64 70 68 59 61 68 59| 62 Low Yes Yes
Avg. Top4 | 75.8| 81.3| 74.8 68.3 65.0| 74.5| 65.8| 68.5 Low Yes Yes
Avg. Top 10 70.9 76.4 719 64.6) 62.7 715 63.2 65.8 Low Yes Yes
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Table2-9. CAMS 684 top 10 measured MDAS8 lues byyear
2017in C.I. | 2017in C.I. | 2017 in C.l.
Rank 2010 2011 2012 | 2013 2014 2015 2016 2017 for 2010 for 2013 for 2014

2012 2015 2016

1 68 81 80 68 58 73 64| 62 Low Yes Yes

2 67 76 75 66 55 69 62| 60 Low Yes Yes

3 67 75 72 65 53 69 59| 59 Low Yes Yes

4 66 72 71 64 53 69 59| 57 Low Yes Yes

5 65 71 68 63 52 67 56| 56 Low Yes Yes

6 65 70 66 63 51 63 56| 56 Low Yes Yes

7 64 70 66 62 51 63 56| 55 Low Yes Yes

8 64 69 65 60 50 63 56| 55 Low Yes Yes

9 61 68 65 60 49 63 54| 54 Low Yes Yes

10 61 68 64 60 49 62 53 53 Low Yes Yes
Avg. Top 4| 67.0, 76.0 745| 65.8 54.8| 70.0 61| 59.5 Low Yes Yes
Avg. Top 10| 64.8| 72.0| 69.2 63.1| 52.1 66.1| 57.5 56.7 Low Yes Yes

Table2-10. CAMS 690 top 10 measured MDA8 ¥@lues by year
2017inC.l. | 2017inC.l. | 2017 inC.l.
Rank 2010 | 2011 2012 2013 | 2014 2015 2016 2017 for 2010 for 2013 for 2014

2012 2015 2016

1 71 79 81 89 70 83 70 75 Yes Yes Yes

2 70 79 81 79 69 79 68 73 Yes Yes Yes

3 66 77 78 78 66 78 66 73 Yes Yes Yes

4 65 73 73 75 66 75 61 70 Yes Yes Yes

5 65 71 73 74 65 73 60 69 Yes Yes Yes

6 65 71 71 73 63 67 60 68 Yes Yes High

7 64 70 71 72 62 66 60 67 Yes Yes High

8 62 70 71 71 62 65 59 67 Yes Yes High

9 61 69 69 71 62 65 58 67 Yes Yes High

10 59 69 69 70 61 64 58 66 Yes Yes Hidh
Avg. Top4  68.0 77.0 783 80.3 67.8 788 66.3 72.8 Yes Yes Yes
Avg. Top 10| 64.8 728 73.7 752 64.6 715 62| 69.5 Yes Yes Yes
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Table2-11. CAMS 1603 top 10 measured MDA8W@lues by year

2017in C.I.
Rank 2014 | 2015 | 2016 | 2017 for 2014-
2016
1 63 76 64 62 Yes
2 59 72 64 60 Yes
3 58 72 63 60 Yes
4 57 72 63 59 Yes
5 57 72 63 59 Yes
6 56 72 62 58 Yes
7 56 69 62 58 Yes
8 55 69 61 58 Yes
9 54 68 61 58 Yes
10 53 67 61 57 Yes
Avg. Top4 | 59.3 73.0 63.5 603 Yes
Avg. Top 10| 56.8| 70.9| 62.4| 58.9 Yes
Table2-12. CAMS 1604 top 10 measured MDAg8@lues by year
2017in C.I.
Rank 2014 | 2015 | 2016 | 2017 for 2014-
2016
1 66 69 63 74 High
2 65 68 62 74 High
3 64 67 62 70 High
4 64 67 60 67 Yes
5 61 65 59 65 Yes
6 61 64 59 64 Yes
7 61 64 59 64 Yes
8 60 63 58 64 High
9 60 63 57 63 Yes
10 59 63 57 63 Yes
Avg. Top 4 64.8 67.8 61.75 71.3 High
Avg. Top 10| 62.1| 65.3| 59.6 66.8 High

Table2-13. CAMS 1605 top 10 measured MDA8W@lues by year

Rank 2016 | 2017
1 56 66
2 56 64
3 53 62
4 52 61
5 52 60
6 51 59
7 51 58
8 51 57
9 51 56

10 50 55
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Rank 2016 | 2017

Avg. Top 4 | 54.25
Avg. Top 10| 52.3

63.3
59.8
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Table2-14. CAMS575/1675 top 10 measured MDA8z;@alues by year

2017inC.l. | 2017inC.l. | 2017 inC.l.
Rank 2010 | 2011 2012 | 2013 | 2014 2015 2016| 2017 for 2010 for 2013 for 2014
2012 2015 2016
1 72 86 81 82 68 76 65 69 Low Yes Yes
2 71 82 75 74 65 73 64 67 Low Yes Yes
3 69 79 74 72 62 73 63 66 Low Yes Yes
4 68 78 72 70 61 70 62 63 Low Yes Yes
5 67 77 72 69 61 70 61 62 Low Yes Yes
6 67 75 71 67 61 69 60 61 Low Yes Yes
7 67 75 70 67 60 67 60 61 Low Yes Yes
8 64 73 69 66 60 67 60 60 Low Low Yes
9 64 72 69 66 60 66 59 60 Low Low Yes
10 64 72 68 65 59 66 59 60 Low Yes Yes
Avg. Top4 70.0 81.3 755 745 64.0 73.0 63.5 66.3 Low Yes Yes
Avg. Top 100 67.3) 86.0 72.1 69.8 61.7 69.7 613 629 Low Yes Yes
Table2-15. CAMS 6602 top 10 measured MDAg8@lues by year
2017 in 2017 in 2017 in
C.l. for C.l. for C.l. for
Rank 2011 2012 2013 | 2014 2015 2016 2017 2010 2013 5014
2012 2015 2016
1 80 70 77 n/a 77 62 68 Low Yes Yes
2 80 70 70 n/a 75 59 67 Yes Yes Yes
3 79 69 70 n/a 72 58 66 Low Yes Yes
4 75 69 69 n/a 71 58 65 Low Yes Yes
5 74 69 65 n/a 70 58 63 Low Yes Yes
6 72 67 64 n/a 69 57 63 Low Yes Yes
7 72 66 63 n/a 68 57 62 Yes Yes Yes
8 72 64 63 n/a 65 57 62 Yes Yes Yes
9 71 64 63 n/a 64 56 61 Low Yes Yes
10 71 63 63 n/a 62 56 60 Low Yes Yes
A"gl'l TP 785 695 715 nla 738 59.25 66.5 Low Yes  Yes
AVD-TOD | 7,61 671 667 nla 693 57.8 63.7 Low Yes  Yes

10

3 CAMS 6602 2014 data not presented here due to data quality concerns.
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2.3 3-YearAverages of 4th Highest MDAS8 ©

The following table shows the averagkthe 4" highest MDA8 values at all of the monitoring stations
that had data used in this report f@013- 2017. Consistent with the dathandling conventions for the
2015 Q NAAQS, values beyond the uaiigyit are truncated.

Table2-16. Average of #-highest MDAS8 values, 2013017 (ppb)
CAMS| 2013 2014 2015 | 2016 2017 20132015 Avg 20142016 Avg. 20152017 Avg.

3 69 62 73 64 70 68 66 69

38 70 63 73 62 67 68 66 67
601 64 69 70 59 64 67 66 64
614 67 63 71 65 67 67 66 68
684 64 53 69 59 57 62 60 62
690 75 66 75 61 70 72 67 68
1603 n/a 57 72 63 59 n/a 64 65
1604 n/a 64 67 60 67 n/a 63 65
1675 70 61 70 62 63 67 64 65
6602 69 n/a 71 58 65 n/a n/a 65

As the table showsCAMS 684 has the lowesiree-year averagdérom 20152017, which continues this
Y2YAG2NDRa GNBYR 2F NBIAAGSNAY3I (KS t2¢Sygat F SNI 3S
average from 2012017 at 69 ppb. All ozone monitors in the region averaged a higher-ffeae

average fom 20152017 than from 2014€016.Thissuggess that there was in increase in ozone

formation from 20152017 compared to 20£2016. Tere is one research monitoring station operated

by CAPCOG (CAMS 690) that had a thieze average over 70 ppb froB©13¢ 2015. However, the

three-year average has since dropped below 70 ppb.

2.4 W126 Q

While EPA set the 2015 second@gstandard identical to the 2015 prima@y standard, the preamble

G2 GKS NYz SYF{Ay3a &aidl GdSa K lidédby astafdard tNdBdpmzially A G S LINE
limits cumulative seasonal exposure to 17 phours (ppmhrs) or lower, in terms of a-gear W126

AYRSE®E 9t! RAR y2i0 aSi I &aSLINIGS aSO2yRINE &l y
exposure will be achievewith a standard set at a level of 0.070 ppm, and the same indicator, averaging
GAYSZ YR FT2NX & (GKS OdzNNEB y G expasureyfendisMBER@ed belovk S NS 3 A
the 17 ppmhrslevels EPA referenced in the final 20ANAAQS ruleniang. The figure belowhows

the 3month seasonal exposure levels at each monitoring stadtiprach amonth period during the

year.
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Figure2-3. Weighted Seasonal Ozone Exposure by Monitoring Statiod &month period, 2017(W126 ppmhrs)
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3 Temporal Analys

In its 20162015 Conceptual Model for the region, CAPCOG included a numteanpdbral analyses of O
in the region.CAPCOG performed similar analyses of the 2016atat&201 7for most of these analyses
including

T

)l
)l
)l

The earliest and latest dates of the year when highe@els were recorded;
The distribution of high €days by month;

The distribution of high €days by day of the weeland

The distribution of high €days by start time for MDAS

CAPCOGampared the 201data to the 201€2015and 2016data in order to evaluate whether there
was evidence that the temporal patterns MDA8W@lues in he region were different in 2017

3.1 Earliest and Latest Dates fotighOz in 2017

One of the key issues for GB®G to understand is whamethe earliest and latest dates in the year
when high MDAS8 ¢evels were recorded. Since CAPCOG only operates its monitors seasodally
TCEQ operates theirs yeamund, CAPCOG needs to understand the appropriate start andated for

Ada Y2YyAG2NAy3a OGAGAGASAD al AIK hizyS8¢ t S@St
y GKS NB3IAZ2Y ¢
y (GKS NB3IAZY

f Days when the highest MDA @ f dzS§ NB O2 NRS
S

R A
f Days when the highest MDA @ f dzS NB O2NRSR A
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f Days that were among the four highest MDASZD- f dzS& | G0 GKS NBIA2yQa NB3
stations (i.e., will be considered in determinwgether the area is in compliance with the
NAAQS or not)

f Days that were among the 10 highest MDASZ} f dzSa G GKS NBIA2y Qa NB3IAc
alldA2ya OADPSPT g2dA R 06S LROGSYUGAlFLffe dzaSR F2NJ
modeling guidg OS A F (GKS @I fdzSa ¢SNB x cn LILI6O

The following table smmarizes the earliest and latest calendar dates that met these criteria for-2010
2015 2016 and 2017
Table3-1. Earliest and latest dates for high MDA® in the CAPCOG Region
20102015 1 55100015 2920 optgLatest 29 2017 Latest
MDAS8 Q Earliest Earliest Earliest
Latest Date Date Date
Date Date Date
Regional
t S| 2/10/2015  11/8/2012 2/11/2016 | 10/27/2016  2/22/2017 @ 10/26/2017
ppb
Regional
Peak >70 | 3/25/2012| 10/17/2015  10/3/2016  10/3/2016 5/6/2017 | 9/13/2017
ppb

CAMS 3

Top 4 4/13/2011 10/24/2014  2/12/2016  10/3/2016 5/6/2017 9/1/2017

CAMS 3

Top 10 3/13/2013  10/25/2014  2/12/2016  10/3/2016 4/7/2017 | 9/13/2017

C¢2Ap8438 5/2/2015  10/24/2014 | 2/12/2016  10/2/2016 5/6/2017 | 9/13/2017

C_I'_A(‘) I\F/)ISl(:)B 8 3/13/2013  10/26/2014  2/12/2016  10/2/2016 4/7/2017 = 9/13/2017

This table shows that MDA&G I f dzS&4 Ay GKS NBIA2Y NBFOKSR aY2RSNI

INER dzLJa ¢ ! v [ZwithiStBeSdnge otimés observed from 2012015

3.2 High Q Days by Month

The following tables shows the number of days when MDAS8 values weré ppb and >70 ppb by
month between 2010 and 2015016 and 2017
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Figure3-1. Percentage ofdays withMDAS8 values 550 ppb by month
m2010-2015 m 2016 m 2017
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Figure3-2. Percentage oflays withMDAS8 values>70 ppb by month
m2010-2015 m 2016 m 2017
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Considering that there had only been two instances when MDA&IDes had been 550 or higher in
February from 2012015,it is surprising to see that there were three in February 2016 and two in.2017
This may suggest thawhile there is an overall improvement in ozone quality, there are more months
which can see elevated MDAS values
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As the table below showsdjstribution of MDA8 @valuesb5 ppb or highewere significantly different in
August, September, and Octob2017 from those months in the 204015 timeframeandsignificantly
different inMarch, April and August 2017 from those month in 2016

Table3-2. Chisquared values for comparison of 2@onthly distribution of MDA8 Q concentrationsat 55 ppb or aboveo
2016 and2010-2015

ChiSquared Vhe for | ChiSquared Value for

Month 20102015 Comparisorr  2016Comparison
January n/a n/a
February 3.609714 1.771073

March 2.381965 7.207757

April 1.339855 5.41875
May 1.358809 2.341935
June 1.484058 0.914286
July 2.381965 0.13172

August 10.16576 7.69422

September 4.408333 0.016667

October 8.500061 3.145257
November 1.066667 n/a
December n/a n/a

TOTAL 36.69719 28.64167

As the table below shows, distribution of MDA8V@lues over 70 ppb thatere statistically significantly
different inJune and Sépmber2017 from those months in the 204015 timeframe

Table3-3 Chisquared values for comparison of 2017 monttdistribution of MDA8 Q concentrationsabove 70 ppb to 2016
and 20162015

ChiSquaredvalue for | ChiSquared Value for

Month 20102015 Comparisorr  2016Comparison
January n/a n/a
February n/a n/a

March 0.037634 n/a

April 0.077778 n/a
May 0.829563 n/a
June 7.778571 n/a
July 0.112903 n/a

August 0.15361 n/a

September 9.086508 n/a
October 0.301075 0.225806

November n/a n/a

December n/a n/a
TOTAL 18.37764 0.225806

3.3 High Q Days by Day of the Week

CAPCOG analyzed the frequency of higta®s by day of week. The following figsislows the
percentage of days when the highest MDASd&elsin the region wereib5 ppb and >70 ppbirhere
was no statistically significant difference in the ddyweek distributions for either range of MDAS8
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values at a significance level of 0.05. However, at a significance level o0ty wastatistically
significantly less likely to have an MDAS valua¢ ppbregionwide, MSAwide, and at CAMS 38, 684,

and 690, while Saturday watgatisticallysignificantlymore likely to have an MDAS8 valuex&5 ppbat
CAMS 1604.

Figure3-3. Distribution of MDA8O; 55 ppb or aboveby day of the week

m2010-2015 m 2016 m 2017
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Figure3-4. Distribution of MDA8O; above 70by day of the week
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CAPCOG performed statistical analyses based on days Wi#8\@ 65 ppband>70 pph comparing
20102015 and 2016 data to 2017 datas the tables below show, Tuesdays were the only day that were
statisticallysignificantlydifferent on days with MDA8 £©i65 ppbin 2010-2015compared to 2017

Monday, Wednesday, Fridagaturday, and Sunday were sthtisticallysignificantly differenbn days

with MDA8 Qx65 pph Therewere no statistically significardifferences in the data on days witiDA8

>70 ppbwhen comparing 2012015 data to 2017 data; 2016 data was naluated for differences

since there was only one day in 2016 WMilbA8 >70 ppb

Table3-4. Chisquared values for comparison of 2017 dadistribution of MDA8 Q concentrationsat 55 ppb and above to

2016 aml 20102015
ChiSquared Value for| ChiSquared Value for

Month 20102015 Comparisorr  2016Comparison
Monday 0.0784 9.009603
Tuesday 7.1824 1.003203
Wednesday 0.04 4
Thursday 3.24 0.996803
Friday 1.7424 4.006403
Saturday 2.9584 9.009603
Sunday 0.5184 15.9872
TOTAL 15.76 44.01282

Table3-5 Chisquared values for comparison of 2017 dadistribution of MDA8 Q concentrationsabove 70 ppb to 2010
2015

ChiSquared Value for

Month 20102015 Comparisor
Monday 1.2544
Tuesday 0.7744
Wednesday 1.1881
Thursday 0.0025
Friday 0.0081
Saturday 0.2209
Sunday 0.1764
TOTAL 3.6248

3.4 Start Hour for MDA8 @ p p LJLJO

One of the temporal factors evaluated in the most recent conceptual model was the distribution of start
hours for high MDAS8 £ralues. The following figure shows these distributionssfch monitoring

station in 2017As the figure shows, 10 aamd 11 am were the most common start hour for MDAS O

gl fdzSa x pp LILID P
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Figure3-5. Distribution of start hour for MDA8k55 ppb by monitoring station, 20T

m7.00AM m800AM m9:00AM m10:00 AM m11:00 AM m12:00 PM m 1:00 PM
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CAPCOG compared thetdlsution of start hours ire017to what was typical for 2022015and 2016
The2017distributions werestatisticallysignificantlydifferent from 20102015distributionsat a
significance leveadf 0.05 forCAMS 690, CAMS 16@®d CAMS 660Zhe following figures show
comparison®f these distributions.

Figure3-6. Start hour for MDA8 @k p p  LJLJ6  26102015a2016,@rxl 2017
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Figure3-7. Start hour for MDA8 @k p p  LJLI0 | #010/201%, 20160 and 2017
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Figure3-8. Start hour forMDA8 Qx p p LJLI6 | (R010-20H5{2016,and 2017
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Figure3-9. Start hour for MDA8 @k p p  LJLI6 | {(R0102085{2016,\amd 2017
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Figure3-10. Stat hour for MDA8 Qx p p  LJLI6 | {(20102085{2016,yamd 2017
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