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Ozone CART Model

Incorporates 30+ meteorological variables

CART is used to categorize each day by ozone
concentration and associated met conditions

Results in a decision tree with 10-15 branches, each
describing the meteorological conditions associated
with a particular ozone concentration

Trends are then developed for meteorologically
similar days to minimize the effects of meteorological
variability on ozone trends



What is CART analysis? — a quick review

Classification and Regression Tree, aka binary
recursive partitioning, decision tree

Classifies data by yes/no questions -- is temp. < 75, is
RH < 80; easy to interpret

Nonparametric, so insensitive to distributions of
variables

Insensitive to transformations of variables
Insensitive to outliers and missing data
Frequently more accurate than parametric models



Sample Tree

Node 1
MAXTEMP <= 77.80
STD = 0.015
Avg = 0.041

W = 24890

|
MAXTEMP <= 77.80
L

Node 2
MAXTEMP <= 69.40
STD= 0.012
Avg = 0.034
W =14321

|
MAXTEMP <= 69.40
L

MAXTEMP > 69.40
1

|
MAXTEMP > 77.80
L

Node 4
MAXTEMP <= 85.50
STD= 0.014
Avg = 0.051
W = 10569

MAXTEMP <= 85.50
1

Node 3

STD= 0.011
Avg = 0.031
W = 8448

MEAN_W_WN <= -0.00

Terminal
Node 3
STD= 0.011
Avg = 0.038
W =5873.00
N =5873

Terminal
Node 4
STD= 0.011
Avg = 0.047
W =6839.00
N = 6839

MEAN_W_WN <= -0.00
1

MEAN_ W_WN > -0.00
1

Terminal
Node 1
STD= 0.011
Avg = 0.034
W =4561.00
N = 4561

Terminal
Node 2
STD= 0.011
Avg = 0.027
W =3887.00
N = 3887

|
MAXTEMP > 85.50
L

Node 5
WS3DAY <= 6.38
STD= 0.014
Avg = 0.058
W =3730

WS3DAY <= 6.38
1

WS3DAY > 6.38
1

Terminal
Node 5

STD=

Avg =

W =924.00
N=924

0.015
0.067

Terminal
Node 6
STD=
Avg =
W =2806.00
N = 2806

0.013
0.055

Nodes define a set of days with similar meteorological conditions; looking at
trends by node eliminates the effect of changes in meteorology on concentration

trends




Meteorological variables

 These variables were selected from previous model runs that had many
more variables included; these are just those that had any influence in
previous models:

— Daily precipitation

— Cloud cover

— 850 and 700 mb temperatures at 6 am

— Maximum daily temperature, dew point, relative humidity, pressure

— Average daily wind speed

— Average daily, morning, and afternoon wind direction as N/S and E/W vectors
— Morning, afternoon and evening dewpoint and pressure

— Day of week

— Previous day’s average temperature, pressure, wind speed, wind direction
— Change in temperature and pressure from previous day

— 2-and 3-day average wind speed and temperature

e Met data comes from National Weather Service data collected at airports;
processing done by LADCO, with thanks to EPA and STI



Example Trend Plot — East St. Louls sites

Concentration Trends in CART Modes—East St Louis
Only Nodes With O3 = 58 ppb
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MNode 1
TAVGPM <= T4 81
STD = 16.676
Avg= 414088
W = 12884.00
N = 12884

e —

Average afternoon temperatures > 74.8 degrees

Portion of East St. Louis CART Tree

TAVGPM > 7481
il

Node 7
TAVGPM <= 87.03
STD= 13.387
Avg= 53252
" = OB B0 ﬂUEI’BEE afternoon
N = 6082 temps > 87 degrees --->
1
TAVGPM <= 87.03 VGPM > B7.03
L L
Node 8 Node 12
RHAVGMID <= £5.00 TRANDIS <= 480.90
STD= 11.425 STD = 13.414
Avg = 49.189 24-hr transport Avg = 61.075
W = 4003.00 . W =2079.00
N = 4003 distance <481 N=2079
1 ) ' Ll T '
RHAVGMID <= 65.00 RHAVGMID > 65.00 TRANDIS <= 480.90
Node 9 Terminal Node 13
TRANDIS <= 408 47 Node 11 RHAVGMID == 46.71
STD= 10.726 STD = 9445 STD= 12251
Avg= 51.359 Avg = 30819 Avg = 65215
W = 3250.00 W = 753.00 W = 1281.00
N = 3250 N =753 N= 1281
1
TRANDIS <= 408.47 TRANDIS > 408.47 RHAVGMID <= 46.71 \ RHAVGMD > 46.71 AVG_S_PN
Node 10 Node 11 Terminal Terminal Termi
RHAVG <= 58.40 RHAVG <= 54.07 Node 12 Node 13 Node
STD = 10.480 5TD= 9985 STD = 11,951 STD= 11.034 STD =
Avg= 54738 Avg = 48252 Avg = 69.141 Avg= 60.828 Avg =
W = 1557.00 W = 1693.00 W = 676.00 W = 505.00 W= 44
N = 1557 N = 1693 N =876 N = G05 N=4
1 1
= 58.40 RHAVG > £8.40 RHAVG <= 54.07 RHAVG > 54.07
inal Terminal Terminal Terminal
+7 Node 8 Node 9 Node 10
10.054 5TD = 5TD = 9.834 STD = 9.280 Node 12,
58.110 Avg = Avg = 54,377 Avg = 45 421 _
'8.00 W = 1029.00 W = 352,00 W = 1301.00 Average O3 = 69 ppb
i28 N=1029 N =392 N = 1301 No. days =676




Distribution of ozone among nodes
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Example Model Performance

Full data set,
2000-2014

How well does

2014 data fit

the 00-13 model?
Lower
concentrations

in all nodes,

but general trend is
similar. Performance
is poorer for low-
concentration days.
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Conentration, ppm

Coneertration, pprm

Meteorologically adjusted ozone trends,
Lake Michigan sites

Concentration Trends in CART Nodes —Milaukee
Orly Nodes With O3 > 85 ppb
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Concentration Trends in CART Nodes—Sheboygan
Only Nodes With 03 > 55 ppb
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Concentration Trends in CART Nodes—IL_Lake_County and Wl_Chiwaukee
Qrlly Nodes With 03 > 5 ppb

Concentration Trends in CART Nodes—Chicago_Cook County
Orly Nodes With O3 > &6 ppb
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Concentration Trends in CART Nodes —Westem_Michigan
Orly Nodes With O3 > 85 ppb

Western Michigan

T
2013

2 e+ 3

T T T
2012 2014

—

T T T
2008 2010 201

s 5 e g e ]

T T T
2008 2007 2008

Termiral node assignment for tree



Concertration, ppm

Meteorologically adjusted ozone trends

Concentration Trends in CART Nodes—Cleveland
Orly Nodes With O3 > 55 ppb

Conceniration Trends in CART Nodes—Detroit_Oak_Park Warren
Orly Nodes With O3 > 55 ppb

Concentration Trends in CART Nodes—East_St Louis
Orly Nodes With O3 > 55 ppb
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Findings

Significant predictors are daily maximum surface
temperature, temperature aloft, 2- and 3-day
temperature, relative humidity, and 2- and 3-day
wind speeds, transport distance

2014 data fit well into the 2000-2013 model,
especially the high-concentration days

Trends are slightly to moderately downward in
the high concentration nodes (those with average
8-hr concentrations greater than 0.055 ppm)

Trends are consistent in all 10 areas examined



Meteorological Dataset

Hourly surface observations from 693 sites around
the US collected from National Climatic Data Center’s
Integrated Surface Database (mostly airports)

Upper air observations from 85 sites collected from
NCDC'’s Integrated Global Radiosonde Archive

Each surface site is paired with closest upper air site
(upper air data can be less spatially representative
than surface obs)

Hysplit back trajectories calculated for each site at
noon every day to provide transport distance and
u,v,w vectors



Meteorological Dataset (cont’d)

Data for each year/site is acquired from NCDC,
processed to calculated derived values (daily
max/min, mixing heights, e.g.)

QA flags assigned based on completeness, upper air
site proximity.

Lags and deviation from long term means are
calculated

Data are combined and formatted into ASCII and SAS
datasets

Available on request from LADCO;



