Summary of CART Analysis for PM2.5 Meteorologically Adjusted Trends (2010 update)

A classification and regression tree analysis (CART) was conducted for PM2.5 data from long-running
monitors in eight Midwestern urban areas: Chicago, Cincinnati, Cleveland, Detroit, Indianapolis,
Milwaukee, Minneapolis, and St. Louis. Data were from the 24-hour federal reference method
monitors, extracted from EPA’s Air Quality System. Meteorological data were from the National
Weather Service collected at airports in each urban area, as well as upper air data from the nearest
upper air site to each urban area. As in previous analyses, the goal was to develop a regression tree for
each area that categorizes days by the meteorological conditions associated with high and low PM2.5
concentrations. The resulting regression trees for the eight Midwestern urban areas are provided in
Attachment |. Then the high-concentration branches of those trees are used to examine trends over the
1999-2009 period. By looking at trends only in days with similar meteorological conditions, the trends
are free from the influence of year-to-year weather variations. Annual conditions that are hotter or
cooler than normal, or wetter or dryer than normal, can significantly impact air quality. By controlling
for these meteorological variations, the remaining trend is presumed to be due to changes in emissions
of PM2.5 or its precursors.

CART results were very similar to previous analyses done on earlier years of PM2.5 data. High PM2.5 is
most strongly associated with extended periods of slow wind speeds (stagnant air masses) as well as
southerly wind directions; warm temperatures in the summer and temperatures around freezing in the
winter; and temperatures and pressures that are increasing from previous days. The specific results for
each city differ slightly in the particular variables selected and decision points for those variables, but
were overall quite consistent.

Trends in all eight urban areas were consistently downward; these results appear to show that regional
emission reductions of SO2 and NOx in recent years have had a measureable impact on PM2.5.
Minneapolis had only one trend line because the analysis was restricted to days greater than 20 ug/m3
and the generally low concentrations there meant that only one node of the CART tree met that
condition. Milwaukee had one node (of three) with an increasing trend; this may be from an actual
emissions increase or it may be a statistical anomaly. Otherwise, all high PM2.5 nodes of the CART trees
had declining PM2.5 concentrations, as shown in the figures that follow.
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Concentration Trends in CART Nodes—MKE
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Attachment | — Regression Trees
Chicago

WS2DAY <= 857 WS2DAY > 857
Node 9
MEAN_S_WN <= -0.06
7.083
12634
6891.00
6891
MEAN_S_WN <= -0.26 MEAN_S WN> -0.26 MEAN_S_ WN> -0.06
Node 11
LAGMEANPRESS <= 1013.83
sTD=
WS3DAY <= 578 WS3DAY > 578 TEMBDAY <= 36.70 TEMBDAY > 36.70 MAXRH <= 90.50 MAXRH> 90,50 LAGMEANPRESS <= 101383
Terminal Terminal Node 6 Terminal Terminal Terminal
Node 4 Node 10 Node 11
TD = 10.191 = 658 s= 6.228
Avg= 26274 Avg= 11974 Avg= 12.180
W =535.000 W=1434.000 W=1136.000
N=535 N=1434 N=1136
TENGDAY <= 35.42 TEVGDAY > 3542 WS2DAY <= 981 Ws2DAY > 0581
Terminal Terminal Terminal Terminal
2 Node 3 e 13
sTD= 6.496 8.226 ST 6.209
Avg= 12.939 Avg= 19.700 Avg= 15.290
W =1246.000 W =803.000 W = 1405.000
1246 803 1405
WS3DAY <= 673 WS3DAY > 673 LAGVEANPRESS <= 1017.05  LAGVEANPRESS > 1017.96
Terminal Terminal Terminal Terminal
Node 5 Node 6 Node 7 Node 8
ST 7.721 sTD= 6.849 sD= 7.659
Avg 21.007 Avg 20,868
W =692.000 W =262.000
N=692 N=1390 N=262
MEAN_S_WN <= 0.04
8.365
13.299
W =7794.00
MEAN_S WN<= 0.04 MEAN_S_WN> 0.04
Node 7
WS3DAY <= 8.72
WS2DAY <= 801 WS2DAY > 8.01 WS3DAY <= 872 WS3DAY > 872
Nod Node 11
[ TEVBDAY <= 36.20 LAGMEANTEMP <= 38.08
STD= 5475 7.333
Avg = 8.840 14508
W =3061.00 W =2323.00
061 323
LAG_S WN<= 032 LAG_S WN> 032 TEMGDAY > 36.20 TEMBDAY <= 34.21 TEMBDAY > 3421 LAGMEANTEMP> 38.08
Terminal Terminal Terminal Node 9 Node 12 Node 13
Node 3 Node 6 Node 7 LAG_S_WN <= -0.08 WS3DAY <= 11.88 DP_PM <
TD= 9785 STD= 8782 6832 7195
Avg = 10.980 Avg 27729 Avg= 18.702 17.203 13125
W =1128.00 W =175.000 w 535.00
N=1128 N=175 N=1119 788 1535
—_—T —_——T —_——T
LAGMEANTENP <= 37.73  LAGVEANTEVP> 37.73 AVBSOTENP> -5.49 LAG_S WN <= -0.08 LAG_S_WN> -0.08 WS3DAY <= 1188 WSSDAY > 1188 DP_PM<= 4917 DP_PM> 49.17
Terminal Terminal Terminal Terminal Terminal Terminal “Terminal Terminal
de 1 No No Node 13 e
sTD= 8.498 = 6505 sTD=
vg = 18.976 = 19399 vg = 15305
W=203 W =525.000 W =834.000
N=203 N=525 N=701 N=834
W_WN_PM<= 050 W_WN_PM> 050
Terminal Terminal
Node
sTD= 8892
Avg= 22723
W=




St. Louis

Node 1
WS3DAY <= 7.80
STD= 7.423
Avg = 14.490
W =7098.00
N=7098
T
WS3DAY <= 7.80 WS3DAY > 7.80
Node 2 Node 7
MAXTEMP <= 88.50 MEAN_ W_WN <= 0.40
STD= 8338 STD= 6.089
Avg = 17.993 Avg= 12594
2493.00 W = 4605.00
N=2493 N =4605
MAXTEMP <= 88.50 MAXTEMP> 8850 MEAN W_WN <= 0.40 VEAN.W_WN> 040
Node 3 Node 6 Node 10
LAG_W_WN<= 0.05 LAGMEANPRESS <= 1016.94
STD= 7530
LAG W WN<= 0.05 LAG_ W_WN> 0.05 LA > 101694 WS3DAY <= 10.85 WS3DAY > 10.85 DP_EVE <= 65.84
Node 4 Terminal Node 9 Terminal Node 11
Ws3DAY <= 556 Node 6 LAG_W_WN <= -0.73 TEM3DAY <= 40.09
7.694 sD= 9583 STD= 6212 STD= 4.943
18.604 Avg 26.908 Avg= 14.928 Avg = 9.539
1098.00 W =205.000 W =2099.00 W =1616.00
098 =205 2099 N=1616
—_—
WS3DAY LAG W_WN> -0.73 TEMBDAY <= 40.09 TEMBDAY > 40.09
Terminal Terminal Terminal Terminal Terminal
Node 1 Node 7 Node 10 Node 11
STD= 8.443 5942 STD= 7143 5266 ST 4313
Avg= 22192 Avg= . Avg= 13547 19124 11665 Avg= 8.342
W =290.000 W =808.000 W =176.000 W =1034.000
N=290 176 582 N=1034
NAXTEVE <= 76,94 VAXTEVS> 78.94
Node 2
wsz0aY <= 1031
SD= 663
WS2DAY <= 1031 WS2DAY > 1031 NAXTEMP <= 87.94
Node
LAGVEANPRESS <= 1014.44 LAGMEANPRESS <= 1017.31

LAGMEANPRESS <= 101683 LAGMEANPRESS > 1016.83 LAGMEANPRESS <= 1014.44 LAGMEANFRESS <= 1017.31 LAGMEANPRESS > 101731
Node 4. Terminal Node 13 Node 14
LAGMEANPRESS <= 1011.74 AvBsoTEVP <= 13.30 wsapay <= 837
STD= 5925 sTD= 7018 STD= 7.868
14058 Avg= 19.352 24572
W=1224.00 w 27.00
N=1224 627
LAGMEANPRESS <=1011.74 LAGVEANPRESS> 101174  WS3DAY <= 6.14 WS2DAY <= 14.43 WS2DAY > 1443 AVBSOTEVP<= 13.30 ANBSOTENP> 1330 WS3DAY <= 837 WSDAY > 8:37
Terminal Terminal Terminal Terminal Termnal Terminal Terminal Terminal
Node 3 Node 10 Node 11 Node 12 Node 13
9574 sD= 3518 s 5.263 so
23606 9727 16151
N=164
LAG_S WN < -0.18 LAG_S_WN> 018
Terminal

LAG_S WN<= 078 LAG_S WN> 078

Terminal
Node 7




Cleveland

Node 1
MEAN_S_WN<= 0.05

WS2DAY > 687

Node 5
MAXRH <= 94.50

MEAN_S_WN> 005

Node 7
WS3DAY <= 7.48
STD= 9544

Avg= 18751
‘W =4372.00
N=4372

WS3DAY <= 7.48

Node 8

[WS3DAY <= 567
STD= 10.801
Avg = 23936
W =1306.00

1306

WS3DAY > 7.48

Node 10
LAGMEANPRESS <= 1010.81

LAG_S WN<= -027 LAG_S_WN> -0.27 MAXRH <= 94.50 MAXRH> 94.50 WS3DAY <= 5,67 WS3DAY > 567 LAGMEANPRESS <= 1010.81 LAGMEANPRESS > 1010.81
Terminal Node 4 Terminal Terminal Terminal Node 11
MEANWS <= 3.85 .47 Node 7 Node 10 LAG_S WN<= 0.01
STD= 9318 s= 12102 s= 6.448 STD= 7.979
Avg = 20317 Avg= 12.253 17.630
W=771.00 W =2811.00 W = 620,000 W =2446.00
N=771 N=2811 N=620 446
T
MEANWS <= 3.85 MEANWS > 3.85 MEAN_S_WN MEAN_S_ WN> -0.47 MAXTEMP LAG_S WN<= 0.01 LAG_S WN> 001
Terminal Terminal Terninal Terminal Terninal Terminal Node 12
Node 3 Node 5 Node 8 Node 11 PRESS_EARLYAM <= 1011.98
10572 sTo= 8173 sTD= 3808 sTD= 6.136 sD= 6.204 ST
26.027 Avg= 18.616 Avg= 054 Avg = 10.389 Avg= 4.987 Avg= 19251
W =594.000 W= 126 W =1543.000 W =930.000 W=1516.00
=504 N=1543 N=930 N=1516
PRESS_EARLYAM<=101198 PRESS_EARLYAM> 101198
Terminal Terminal
WS3DAY <= 4.34 WS3DAY > 4.34
Node 2 Nod
MAXTEMP <= 84.64 TEMPCHANGE <= -2.42
s 7.466
Avg = 22. 14.034
W =2491.00 5778.00
N=2491 N=5778
NVAXTEVP <= 84.64 MAXTEVP > 84.64 TEMPCHANGE <= TEMPCHANGE > 242
Node 3 Node 7 Node 10 Node 11
WS2DAY <= 2.97 PRESSCHANGE <= 1.90
STD= 10472 STD= 5853
Avg = 2 Avg = 10.454
W =1992.00
N=1992
WS2DAY <= 2.97 WS2DAY > 2.97 MEAN_S_WN <= -0.71 PRESSCHANGE<= 190  PRESSCHANGE> 1.90 WS3DAY <= 5.60 WS3DAY > 560
Node 4 Terminal Terminal Terminal Node 14
PRESSCHANGE <= 0.75 Node 6 Node 9 Node 10 LAGNEANTEMP <= 38.76 PRESSCHANGE <= -0.09
STD= 10.729 sTD= 5181 STD= 8424 STD= 6776
Avg = 23590 Avg= 9381 Avg = 18560 Avg = 14739
W =808.00 W =1323.000 W=1167.00 W =2619.00
N=808 N=1323 N=1167 N=2619

PRESSCHANGE<= 0.75

PRESSCHANGE> 0.75

Terminal

STD=

10.664
24,844

Terminal
Node 2
sTD= 10109
Avg = 20.065
W =212.000
N=212

LAG W_WN <= -019

LAG W_WN> -0.19

Terminal
Node 4

WS3DAY <= 297 WS3DAY > 207
Terminal Terminal
Node 7 Node 8
STD= 10.403 ST 8.856
Avg= 32.220 26.334
W =246.000 W =269.000
N=246 N=269

LAGMEANTEMP <= 38.76

LAGMEANTEMP > 38.76

Terminal Node 13

DP_EVE <= 65.42

Node 11

DP_EVE<= 6542

DP_EVE> 65.42

Terminal
Node 12

Terminal
Node 13




Minneapolis

MEAN_S_WN> 038

Node 6
TEVEDAY <= 4102
sD= 7.

MEAN_S_WN <= -0.38

TEMGDAY > 4102

TEMBDAY <= 4102

TEVRDAY <= 75.23
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Indianapolis
Node 1
s s
TD 904
15.589
‘W =9781.00
781
WS3DAY <= 8.69 'WS3DAY > 8.69
MAXTENPIC 83.50 MAXTEMPI> 83.50 TEM’CHANGIEc -1.86 TEMPCHANE;E) -1.86
Node 3 Node 7 Terminal Node 11
MEAN_S_WN<= 0.03 [WS3DAY <= 6.43 Node 10 WS3DAY <= 11.84
STD 8.086 STD 9.346 STD= 5.502 STD 5.687
Avg = 17.869 Avg= 24373 Avg = 10.876 Avg = 14508
W = 2855.00 00. W = 2446.000 W =3480.00
N=2855 N=2446 N=3480
MEAN_S_WN<= 0.03 MEAN_S_WN> 0.03 'WS3DAY <= 6.43 WS3DAY > 6.43 WS3DAY <= 11.84 'WS3DAY >I 1184
de Node 9 de Terminal
WS3DAY <= 6.57 MEAN_S_WN <= 0.47 Node 13
STD= 7.630 STD= 7.783 STD= 4.492
Avg = 20503 Avg = 21.320 Avg= 12136
W =1321.00 W =604.00 W =1003.000
N=1321 N =604 N=1003
Terminal Terminal Terminal Terminal Terminal Terminal Terminal Terminal
Node 1 6.12 Node 4 Node 5 Node 6 de 8 Node 11
6.691 STD= 6.732 STD= 8563 STD= 6.617 STD= 5.339 5.620
14.313 Avg = 19.108 Avg= 25.255 Avg = 18.464 Avg 12.070 16.391
=1315.00 ‘W =963.000 ‘W =189.000 W = 354.000 ‘W =529.000 1948.000
N=1315 N=963 N=189 N=354 N 1948
S I 0
Terminal
Nox

Terminal
Node 2




