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Rationale

* In order to use research results from 2006,
TCEQ may wish to know how typical that
summer was In terms of pollution and
meteorology.

e Assess pollution by analyzing regional
ozone across eastern EPA Region 4.

* Assess meteorology by analyzing regional
temperatures and air flow patterns across
eastern Texas.



What Is “regional ozone”?

Download O, data from AQS from 1994 — 2006
(13 yrs), compute 8-hr daily maxima.

Select subset of monitoring sites w complete
(>75%) data in Aug. & Sept. each year.

Pare list of monitoring sites to use only 1/
county (2 for Harris Co. — 1 industrial, 1 suburb).

Count monitor-exceedance days by year:
— Use 85 ppb & 75 ppb,
— TX/OK/LA combined & TX only.



Regional O, trend

Texas-85ppb trend shown; other
graphs look similar.
Wide year-to-year variability.
Appears to have been a change
after 2000.
Classify 6 recent years as
follows:

— 2003, 2006, low;

— 2001, 2005, moderate;

— 2002, 2004, high;

— Recall 2005 Katrina late-Aug.,
Rita mid/late-Sept.)

12 Texas sites:
— 481830001 Longview C19
— 480850005 Frisco C31/C680
— 484392003 Keller C17
— 482010024 Aldine C8
— 482010051 Croquet C409
— 483611001 W. Orange C9
— 482450009 Beau.-Lamar C2
— 484530014 Austin NW C3
— 480290032 San Ant. NW C23
— 484690003 Victoria C87
— 483550025 CC West C4
— 480610006 Brownsville C80
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1999 Aug. & Sept. LEADS color-coded O4 8hr
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Regional temperature trend

Use hourly outdoor temp data from EPA
AQS for East Texas.

Selected long running sites, 1994-2006.

Calc. average daily max and dalily avg
temp over 61 days Aug.-Sept. each year.

Rank all years and see how 2006 stands.



Regional temperatures: daily max

San Ant. Brownsv. Frisco Longv. Aldine Beaum. CC W. Orang Keller Austin Victo.

yr [480230032 480510006 80850005 81830001 M820710024 82450003 4583550025 83611001 484392003 (484530014 484530003 |Grand Total
1994 .19 30.43 29 83 32 7R .22 3013 3381 30.44 3352 3373 3371 3164
1995 32 85 31649 3083 34 78 32 81 3203 31.37 32 38 136 35,44 35071 3277
1996 31.97 31.34 28 69 29 68 31.19 30.74 30.69 30.26 29 48 30.96 30.87 3053
1997 3345 31 81 3215 28 33.08 3342 31 53 3218 3199 32 67 32 43 3238
1998 3184 32 31 3404 32 98 3357 3222 31.47 3208 3436 32 48 32 61 32.73
1999 3350 32.14 3339 32 44 32 95 3247 3114 3z .01 33.43 3415 3351 32 84
2000 33.98 32.92 33.95 34.04 33.40 32 69 31.83 32.33 34.26 3418 34.08 33.42
2001 31.99 3228 30,31 29 82 30,62 018 30.83 2990 30.44 3159 .83 30.91
2002 37 32 98 A1 96 32 08 EYRI3 3058 31.24 30 FR 32 21 3214 87 I 67
2003 30.98 31.849 3077 30.81 .02 3061 3054 3053 30,64 51 .47 30.98
2004 3 3216 30.42 30.74 31.90 31 F5 30.98 57 2997 I .54 3205 3131
2005 33.97 34.05 3350 3369 33.03 32.97 32.84 32 82 33.94 33.70 33.64 33.47
2006 3317 33.01 32 81 32 Bk 32 R0 3097 31.94 a1.049 32 .95 33.34 32.20 32.41

Grand Tof 32 44 3273 3175 32 089 3270 31 F8 31 RA 3140 3270 32 90 3272 3347

Fank of recent Aug -Sept. periods for daily max tempurature

yr 480290032 T480610005 480850005 (481830001 4820710024 482450009 (433550025 T483611001 4984392003 48453001 4 484590003 |Grand Total
1994 12 13 12 7 q 13 1 11 4 4 3 £.09
1995 B 11 ] 1 B B 7 ] g 1 1 27
1996 8 12 13 13 10 q 12 12 13 13 13 11.64
1997 4 10 B q 3 1 R 4 8 7 7 F.&2
1998 q R 1 4 1 R B 5 1 ] B 454
1999 3 ] 4 k R 4 q G 5 3 R 527
2000 1 4 2 2 2 3 4 3 2 2 2 2.45
2001 7 ] 11 12 13 12 11 13 1 10 11 10.64
2002 11 3 7 g 11 11 ] q 7 q 10 855
2003 13 q q 10 12 10 13 10 10 12 12 10.91
2004 10 7 10 1 ] 7 10 7 12 1 q .27
2005 2 1 3 3 4 2 2 1 3 G 4 273
2008 R ] R R 7 ] 3 B B ] ] .73

1996 coolest year; 2005 warmest year both Pk & Avg.
2006 in the middle of the pack.

Annual rank
b

9

1

7

11



Met-adjusted regional trend

* Run Hysplit! to gen back-trajectories to
assess effects of variability of synoptic-
scale meteorology on regional Ox:

— Six starting locations In east Texas

— 300 m AGL

— 72 hours from 18Z (12 CST, 1 p.m. CDT)
— Model vertical option

Draxler, R.R. and Rolph, G.D., 2003. HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory) Model access via NOAA ARL READY Website
(http://www.arl.noaa.gov/ready/hysplit4.html). NOAA Air Resources Laboratory, Silver Spring, MD.

Rolph, G.D., 2003. Real-time Environmental Applications and Display sYstem (READY) Website (http://www.arl.noaa.gov/ready/hysplit4.html). NOAA Air Resources

Laboratory, Silver Spring, MD.



One example “regional” 72 hr back-traj
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Met-adjusted regional trend

 Ensemble Analyses: Run back trajs for 61
days each year

* Assess the variability —

— It iIs known that longer fetches from the
southeast over the Gulf correspond to lower
O,; shorter fetches from the NE = higher O,.

— Do years with more fetches from NE have
nigher O4 and vice versa?

— How did 2006 look compared to other recent
years?




Characterizing “high O3” and “low O;” air flow

Based on O, 8hr daily maxima Aug.-Sept. 2001-2006 from 12

Texas monitors.

“high reg. day” iff >3 areas (Hou. ~ 2) has O; >= 75 ppb, N=40;

“low reg. day” iff all sites have 40 <= O, < 50 ppb, N=43;
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“Spaghetti map” of 2006 Aug.-Sep.

back-traj
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2006 Back-trajectory points
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2004 Back-trajectory points
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2003 Back-trajectory points

contoured kriging (“low” year)
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2002 Back-trajectory points

Cortoured kriging (“high” year)
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Quantifying annual trajectory
patterns

* Hysplit 4.8 contains cluster analysis tool.

e Cluster analysis

— looks for like members of a sample to form
clusters,

— begins combining clusters,

— user looks at changes in overall reduced
sample variance to decide when to stop
joining clusters.



5 Clusters found in Aug./Sept. 1997-2006 trajectories

: north

Source * at 3150N 9500 W

Cluster5of 5 - 97 06

Backward trajectories ending at various times
17 UTC 30 Sep  EDAS Forecast Initialization

Cluster means - 97 06
Backward trajectories
EDAS Meteorological Data

at 3150 N

Source

Source * at

Cluster 4 of 5- _97 06
Backward trajectories ending at various times
12UTC 23 Sep EDAS Forecast Initialization

SN SESSN— BE--

Source * at 3150N 9600 W

Cluster 3of 5- _97_06

Backward trajectories ending at various times .+~ i

EDAS Meteorological Data

1sho rt f

etch
Cluster1of 5 -3 97_06
Backward trajectories ending at various times
17 UTC 25 Sep  EDAS Forecast Initialization

3600 W

Spurce * al 3150N

Source % at 3150N 9600 W

| 2: east-southeast

Cluster 2of 5- _97_06
Backward trajectories ending at various times
12UTC 28 Sep EDAS Forecast Initialization




Numerical summary of traj. factors & regional O; by year
 Using 12 East Texas long-running sites, % of sites > 75ppb
« E.g.,in 1999, on days w NE trajs, on avg 48% of sites > 75 ppb
2006 seems to have more “norths” than unusual

Awerage pct of "high" sites by factor and year

vear [Alg.-Sept.)

Factor 19097 | 1999 2000 2001 2002 2003 2004 2005 2006]&vy by factor
short 1 27.78 5.21

E-SE 2 119 B.25 1087 417 1.82 208 000 379 463 3.87
S-SE 3 208 139 167 088 000 000 000 1.04 0ED 0.85
NE 4|  23.48/48.4847.62/19.23) 28.24 14.81 19.10| 12.50 25.74
noth 5| 1667 19.44 1250 000 833 167 273 833 g.43
M [ 234845 4847 52[19.2328 2414 81]27 7a[19.10[12.50 2574

Count of trajs by factor and year

vear [(Aug.-Sept.)
Factor 1857 19599 2000 2001 2002 2003 2004 2005 2006]Count by factor
] 2 3] & 1] 1] 3 1] 1] 3 a0
1 270 18] 13| 11| 9] 31| & 25 B 148
y, 7 8] 23] 12| 18] 4] 12| 11| o 101
3 8 6 & 19 8 7 7| 8 14 g2
4 1] 11| 7] 13 22| 8] 27| 14 12 125
5 2 o a4 3] 4 s ® 2] (9 50
Mum trajs 57 &5 &7 &9 &3 59 539 Bl B 527




How representative 20067

* Lower regional ozone, but similar to 2003
« Typical regional temperatures.

* Highest fraction of N winds in recent years
(factor 5 ~ 25% of days).

e Second highest fraction of SSE winds In
recent years (factor 3 ~ 23% of days).
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