PART 2: Tool Development

How to Develop Objective Forecast Tools
to Predict Air Quality

Joe Cassmassi

South Coast Air Quality Management District
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Overview

Tool/Model Background
Developing a Database
Checking the Database

Creating a Model
— Regression

— Decision Trees
— Model Evaluation

Alternative Models
Daily Operation
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Model Background —
Why Build or Revise a Model?

February 2004

Provides a tool for the forecaster that
translates weather to a pollution prediction

Speeds up the forecast process
Levels the playing field

— Algorithms set bounds on the prediction
— Minimize bias among a group of forecasters

Addresses the changing air quality trend —
empirical relationships are outdated

Incorporates new sources of meteorological
or air quality data
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Model Background —
Basic Model Structure

February 2004

Subjective day-in-advance prediction
(phenomenological forecasting using
conceptual models)

Objective same-day prediction with
perfect meteorological forecast

Objective day-in-advance prediction
(with/without same-day model)

Subjective override — fine-tune
prediction

°
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Model Background —
General Conceptual Model

» Define the mechanics of the pollutant
episode by evaluating previous events

* |dentify key predictor variables
— Surface: T, Td, RH, dd, ff
— Aloft: HHH, T, Td, RH, dd, ff
— Air quality persistence
» Determine timing of data availability

— Observations before forecast preparation
— Prognostic forecast verification periods

°
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Model Background —
Conceptual PM, - Model for L.A. Basin

» Gradient of particulates highest in east
basin

* PM, ; dominated by secondary PM, -
(nitrate, ammonium and organic carbon
[OC]) formed through photochemistry or
heterogonous chemistry

» Sulfate, elemental carbon (EC), and
crustal contribute less
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Conceptual PM, - Model for L.A. Basin
Spatial Distribution

PM2.5 — 2002

Annual Arithmetic Mean, ug/m?3
(Federal Standard = 15 ug/m?)
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Conceptual PM, - Model for L.A. Basin
Temporal

* Seasonal
— All species highest during fall stagnation
— OC also high mid- and late summer

* Weekend effect
— Altered VOC/NO, ratio Saturday and Sunday
— Lower EC (diesel) on weekend days

°
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Basin PM/Ozone Model —
Data Requirements

February 2004

Surface: O;, NO,, PM,,, PM, 5, T, RH,
PPP-Gradients

Aloft: Height (HHH), T, Td, RH (950, 900, 850,
/00, 500 mb surfaces)

Inversion characteristics (top and base HHH
and T), stability, thickness

Prognostic Grid Point FOUS and MOS surface
T and RH predictions
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Developing a Database
How Much and What Types of Data?

» For statistical analysis, two years minimum
« Data obtained from many sites

* Determined by size and characteristics of
forecast domain

Follow the conceptual model definition

— Use all available data and let the analysis
sort the key predictors

— Include predictor variables for multiple pollutants
(common predictors for O;, PM,, and PM, ;)

— Include other pollutants (may act as surrogates)

°
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Developing a Database
Locate Sources of Data

* Internally generated air quality
 FSL — upper-air

» Universities (e.g., Wyoming, OSU,
PSU, Plymouth State)

» Sister agencies (APCDs, water districts,
RAWS, BLM)

* NCDC
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FSL RAOB

+Z} http:/ fraob.fsl.noaa.gov/temp/raob_soundings25033.tmp - Microsoft Internet Explorer &l I ]| 2 O =

J <= Back v| =y - @ o} | @Search [32] Favorites @Histury | %v = H| | ]

J File Edit Wiew Favorites Tools Help J.ﬁ.gldress @http:,l',l'rau:ul:u.Fsl.nu:uaa.gu:w,l'temp,l'ranb_scuundinu;|525033.tmp j @a

254 1z 15 J AT 2004
93214 34.75M1z0.57W 100
70 7o 2610 105 55555
49
114 11z 320
1l1a 114 335
110 108 999399
110 107 99939
110 74 99939
125 £d 999359
999399 993939 5
144 99939
142 29030
29090 Z0
1z0 ino
1z0 99999
99999 345
104 99999
99999 345
9z 99999
(=1=] 99999
g2 345
335
40 99999
330
325
99955
99955
99999

&] Done l_l_lﬂ Internet
[ J
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Decoded University of Wyoming RAOB

<3 http://weather.uwyo.edu/cgi-bin/sounding?region=naconf&TYPE=TEXT:LIST&YEAR =20 || 8 ) o] | (20| 10| 2| =12 %]
J 4= Bl v| - - ot | ‘Qhsearch (G Favorites ¢ 4History | v S v| | i

J File Edit Miew Favorites Tools Help Jngdress @http:,I',I'weather.uww:u.edu,l'u:gi-I:uin,l'su:uun|:|ing?reginn=nau:u:unF&T\"F‘E=TE><T°.-"o3.ﬁ.LIS' j o

F

72393 VBG Vandenberg Afb Observations at 127, 15 Jan 2004
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&] Done I_I_lﬂ Internet
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Decoded Surface Observations

-'ahl:l:p:,.-",.-"weather.uwru.edu,.-"l:gi—hin,.-"wyuw:-:.fcgi'?T‘fPE=5ﬂi5t&DATE=current&HDUR=currE 2| | 7] | 126 | |05 | He _IE’|_|

J <= Back v| = - 3 A | ‘Qisearch [E]Favorites L 4History | e S n| | ]

| Ble Edt Wiew Favorites Tools Help || Address @.:-wx.chi?WPE=sHist&DATE=current&HouR=currentsd_INIT5=A&5T.qTION=LAx ~| Peo

Y

Observations for LOS ANGELES INTL, CA (LAX)

01502 15 Jan 2004 to 00502 16 Jan 2004

TIME PM3L ALTH THF DEW RH DIR 3PD VI3 CLOUDS WMeather MIN MALE
LD/ HHMH

1&/0050 . . FEW250
15/2350 . . FEWO10 SCTZ50
15/2250 . . FEW200 3SCTZ50
15/2150 . FEW200 3SCTZ50
15/2050 FEW110 FEWZ0O 3CTZ50
15/1950 FEW110 3SCT130 BENZZ0
15/1850 FEW110 3SCT130 BENZZ0
15/1750 FEW110 3SCT130 BENZZ0
15/1650 FEWOS0 EBEMN130 BENZZ0
15/1550 FEWOS0 EBEMN130 BENZZ0
15/1450 3CTOS0 BEMN150
15/1350 3CT150
15/1250 3CTa250
15/1150 3CTa250
15/1050 3CTa250
15/0950 3CTa250
15/0850 CLE
15/0750 CLE
15/0650 CLE

1AX 15/0550 FEWz 50

4

&] Done l_l_lﬂ Internet
[ []

O O O
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AQMD Temperature Data

File Edit “iew Inserk Format Help

IEDurierNew ;I I'IEI ;I IWestern ;I u =| = D|@|E| %“E}-I ﬁl é%ll
UvdololPdlblg Pl R B | = B R R | = e . A e 3045 4 4L g2 da
0745151980515 41 41 39 37 33 41 47 51 43 43 43 47 47
0745151980516 47 46 45 46 46 46 45 45 456 45 46 46 45
0745151950517 45 45 43 37 35 38 52 55 52 58 51 47 47
0745151980515 46 44 43 42 43 51 58 82 535 56 55 53 53
0745151950519 53 54 54 54 54 55 58 59 52 51 50 50 489
0745151950520 51 50 50 45 50 51 54 54 46 45 44 449 44
0745151950521 40 35 37 37 37 4= 48 53 47 46 47 47 46
0735151980522 43 42 42 41 42 45 49 53 49 47 46 46 46
0735151980523 45 44 43 42 42 46 53 58 45 46 45 45 485
0735151950524 45 45 43 42 43 485 57 a0 53 54 53 52 51
073515819580525 50 49 49 45 45 485 439 49 42 43 50 49 45
0735181950526 47 46 46 45 443 44 43 43 40 40 40 <40 40
0745181950527 39 38 37 36 36 43 46 47 51 52 53 51 49
0745181950525 45 48 42 49 49 50 51 53 45 46 46 45 45
0745151980529 45 44 45 45 45 406 47 4a 45 46 49 45 47
0745151980530 43 42 43 43 40 42 54 57 50 51 51 50 50
0745151950531 52 5& 52 51 45 49 58 59 56 56 56 56 5@
0745151950601 56 55 51 45 45 53 58 60 535 55 55 53 52
0745151980602 53 52 52 51 52 53 56 59 50 49 43 47 45
0745151980603 44 44 44 44 44 44 44 45 44 44 44 44 45
0745151950604 46 46 46 46 46 45 45 45 45 46 46 46 44
0745151950605 43 42 41 41 42 47 60 65 56 56 56 55 54
0745151950606 51 52 52 52 52 55 57 58 45 44 43 42 42
0745151950607 41 41 41 40 40 40 42 42 45 45 45 45 45
0745151980603 45 45 45 45 45 45 43 485 45 45 47 47 47
0735151980609 45 44 44 41 41 46 52 52 50 45 47 46 45
0735151250610 45 45 45 45 460 51 58 oz 51 50 50 50 50
0735181950611 50 50 50 51 50 50 50 50 42 43 49 45 45
0745151950612 46 46 46 46 46 46 45 46 46 45 45 46 46

Far Help, press F1
[ ) [ )
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FOUS Data

3 Buckeye Wi - Microsoft Internet Explorer provided by South Coast A.Q.M.D

J <= Back vl - - @ il | @Search [32] Faworites @Histnr‘f | %v =5 v|

J File Edit Miew Fawvorites Tools  Help

|J Address IE http: fitwister, sbs,ohio-state, edu)

556

FOUOWw?3 EWKOC
OUTPUOT FROHM
TTEFTTE1RZERS
SFOS /721739
0e0007 72535
12000635664
15000979074
24005976219
I0001955023
36000723441
420005522685
45000643062

Home
Current Wx
Columbus Wx

Weather By
State

Upper Air
Tropical Wx
Models
Satellite
Radar
Severe Wx

LAX/ /081614
oe00010z2011
12000122230
13000252130

Ohio Wx 24000432569
JO00OM07SHS 5

Text Data
SE001796109
Non-U.5. Wx TAa00 41

231200

NGM 122 JAW 23 04

AL T
-1414
oos11
oos50a6
o170z
-050:2
-0304
-2807%7
-15614
-1715

-1311
02110
01z10
o012

FSDDFF
221101
223303
1525085
163016
153016
163212
143115
153424
210120

120405
200517
152307
163011
153105
123016
153115

HHT1T3TS
55050209
580802056
54140204
S0110E501
45100700
44030599
47110400
45070101
42030100

55161003
53131002
55171002
55141002
511z08501
el 00500
37120599

ey =0 e =

43000932661

SLC/ /41353452
0e000404351
1z000404145
13000243659
240001532561

163217

302307
262305
202112
142315
122419

49070401

45350027
493501925
509390197
500000245
47330025

TTEFTTE1RZERS
FAT/ /190944
05000191235
120002613354
15000622907
24000202755
0014247111
36000214036
42002933047
45000633063

FNO/ /132145
0&e000131657
12000242273
153000562072
24020993753
I0o00e2a65619
36001223047
42000733145
4500074435354

ChC//s181621
0e000221725
12000232828
15000262645
24000233471

FSDDFF
201504
211605
1521085
1301z
142805
142911
122914
153215
1736815

211707
212213
162314
162516
13z71=
122913
112816
173216
210116

251106
231705
172405
132516
122716

@ Sewere Wik Page, incl, Severe Wix Statements
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I_ I_ |4 Internet
[ J

HHT1T3TS
59110904
56020703
S6l20a60z2
53080501
45070325
34060326
45070196
45040095
44010125

Sa040a601
55050400
55080299
450200256
45010093
43019920
42009592
37989291
34949291

52020297
530102927
550601946
55060025
S0030023




AQMD Hi-Vol PM,, Data

EI TN¥T - to host jupiter

Session Edit Commands  Setkings  Script Help

H SEE =

¢ JAN B
JAN B
JAN B
JAN B
JAN B2
JAN B
JAN A2
JAN A2
JAN B
JAN B
FEE B
FEE B
FEB A
FEB A
FEE B
FEE B
FEE B
FEE B
FEB A
FEB A
MAR B
MAR B
MAR B

1

L0 Ll Ll P = T Gl T O M) = 00 G 30 =] =] = L) 30 80 = =1 ™ @

PRrRrREaEEREmMTEEMNEERNDNNER =R RN EE O
= e A Y e e S o o e S e R A o R
=EEERESEEEEEEEEEEEEEEEEEE

=m0 =) R = E e )R e = e E e e =) E) e =D
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AQMD Hi-Vol PM25 Data

Ed Microsoft Excel - PM25 Data 0202 to D802
@ File Edit Wew Insert  Format  Tools Data  Window  Help

M3 Sans Serif - 10 =

DeEsn SEYV L BRE-C
F16 - b
A B &
Station Filter # | Date
Anaheima, 11887 | 02/01,/02
Anaheima, 11888 | 02/02/02
Anaheima, 11889 | 02/03/02
Anaheima, 11920 | 02/04/02
Anaheima, 11921 | 02/05/02
Anaheima, 11972 | 02/06/02
Anaheima, 11873 | 02/07,/02
Anaheima, 11974 | 02/08/02
Anaheima, 12009 | 02/05/02
Anaheima, 120010 | 02410402
Anaheima, 12011 | 0241102
Anaheima, 12037 | 0212002
Anaheima, 12038 | 0241302
Anaheima, 12039 | 02414702
Anaheima, 12040 | 02/15/02
Anaheima, 12093 | 02/16/02
Anaheima, 12094 | 02/17,/02
Anaheima, 12095 | 02/18/02
Anaheima, 12121 | 02419502
Anaheima, 12122 | 0220002
Anaheima, 12123 | 022102
Anaheima, 12186 | 0222702
Anaheim, 12187 | 02/23/02
4 4 ¢ H[\SampleSummary lJuw_-r'_.r‘.-“r
Ready

1
g
3
4
5
B
7
i
g
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Developing a Database
Common Linear Format

* Most statistical software require a linear format
— one line of data for each day (see Session 1B

Part 1)

« The data must be structured (lined up) based on
time considerations

— Air quality data for preceding, current, and next day
(d-1, dO, d+1)

— Meteorological observational data for time periods
prior to expected forecast preparation/issuance time

— Prognostic data (or surrogate prognostic data) for the
next day

°
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Developing a Database

: | Common Predictor/Stratifying Variables

February 2004

» Day-of-week indicator
(numerical 1,2...7 or binary 0,1)

 Julian day of year (1-3695)

 Number of hours in day
(function of Julian day and latitude)

» Holiday marker (binary 0,1)




Developing a Database

Translating and Reformatting the Data

Only critical rule is to line up the data
chronologically (remember one day’s data on
one record)

* Write simple programs to extract and massage

February 2004

data (Fortran, Basic, C++,...)

Spreadsheets and databases are good
platforms for merging individual or groups of
products and aligning dates

Use as many tools as necessary — use
programs and spreadsheets

Short Course on Air Quality Forecasting — Tool Development
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Developing a Database —
Example

Extracting Upper-Air Data From
an FSL-formatted RAOB Archive
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Base FSL Format

a http:/ /raob.fsl.noaa.goy /temp,/racb_soundings25033.tmp - Microsoft Internet Explorer

J s Back v| - - @ ot | @Search [Ge] Favorites @Histu:ur':.f | %v = ﬁl

J File Edit Wiews Favoribtes Tools Help |J.ﬁ.gdressIEIhtl:p:,l',l'ra-:ul:u.Fsl.nu:uaa.gu:uv,l'temp,l'raDb_snundingsESDSS.I:mp

12 JATT 2004

93214 34.75M120.570 1ao
+a 2610 10s S99859

=

10040 114 11= 320
1aooo 116 114 335
9320 110 10 99939
9520 110 107 S9999
9540 110 T3 955933
9500 125 Z8 895599
9735 9959939 93933 5
2700 1414 999399
Q820 142 Q9999
S446 9959393 z0
9250 120 10
S=40 1=0 9959393
2105 999399 3415
5970 104 99999
377 999393 345
5670 =) 99999
3550 [=1=] 9959393
5500 gz 3415
5154 9959393 335
7930 40 999399
7853 Q9999 330
7560 9959393 325
7520 -1 99999
7400 -11 9959393
73350 —-15 999399

&] Done I_I_lﬂ Internet

° ° °
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Strip Header, Grab Time/Date,
Eliminate Unneeded Data

Ed Microsoft Excel - NKEXODZA
File Edit “iew Insert Format Tools Data  wWindow  Help

Arial B 7 B 25, e g%

DeEEsS®r SLY FBR-< v ; + b 4% 100 - (2]
k35 - P
E ¢ | D | E H | |
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00

M 4 ¢ MH\MNEXDOZA

Readsy
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Convert Date to Numeric

Ed Microsoft Excel - NKX0DZ4
File Edit Miew Insert Format  Tools Data  window  Help

Arie 110 KRR 5|8 % 5, W%

DEedar SGLRLY FBE- - : + &4 (0 45 1w00% - (2]
k35 - pi
A | B | ¢ | D | E H | |
36530
3R530
3R530
3R530
3R530
3R530
3R530
3R530
3R530
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
05-Jan-00
M 4 ¢ H4WNKXODDZA /

Ready

oo oo oo ooooocoood
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Excel Date Formatting

February 2004

Murnber |F'.|i|;|r|rr|er|t I Fonkt I Border | Patterns | F'r‘n:nI:EI:I:in:nnl

iCategory: Sampe——m — 00—
General ‘ \

Murmber
_Urrency
Accounking
_ Wednesday, March 14, 2001
Tirme 3114
Percentage 3/14/01
Ifr ._:._-_tuT-_r_u_ 03/14/01
_.|:|El_nl:|l'll_ 14-Mar
Text 14-Mar-01

Special . .
Custam Locale (location):

English {United States)

Date Formats display date and time serial numbers as date values, Except for
items that have an asterisk (*), applied formats do not switch dakte orders
with the operating syskem.

Short Course on Air Quality Forecasting — Tool Development
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. | Extracting Data Using Numeric Date,
: Time, and Pressure Tags

B sthenvt - wordpad

» Extrapolate data

> vertically (surface B
to 800 mb)

> with time (00Z and
12Z soundings)

* Interpolate
throughout year
for missing data

MSET=J5ET-1
IE T/D
Far Help, press F1

° ° ° ° ° ° °
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Relative Humidity,
Temperature, and Heights

B] M¢RH998 - WordPad
Fle Edic View Insert Farmat Help File Edt View Insert Fomat Help

|Eou1ierNew j |1U j IWestem j B|[|g|@| E§| 0 oAl=) |Eou1ierNew j ITU j |Westem j B|f|ﬂ|p@| Eélél =l OE Hl @mgl ﬂ
‘ 1.

11,2 13.0 1465.0 3029.0 5650.0 16, 10.

93, 95.9 9.3 88, .8 3L,

4.
3. . 0.6 12,
11, . . 2.8 107,
12, . 13, 94,
10. . 13, 98,
14, . 4.6 133,
10. . . 15,
g. . . 15,
15, . 15,
15, . . 15,
10. . . 15,
15, . . 20,
21, 18, . . 23,
iz, 18. . . iz,

8
9 1463,
]

b

9

7

5

9

1

f

2

g

7

f

0.9 16, . 17,

]

]

2

3

3

5

2

8

i

4

5

9

0

Z

1492,
1437,
14389,
1433,
1468.
14889,
1436.
1487.
1453.
1531,

3018.0 3530.0 16, 11,
3080.0 5700.0 16, 11,
3085.0 3730.0 17, 14,
3097.0 5740, 17, 11.
3106.0 5750, 16, 12,
3071.0 5720, 15, 11.
3076.0 5740, 16. 12,
3117.0 5780, 17. 13.
3079.0 5750, 18, 12,
3038.0 5730, 18. 13.
3144.0 3820, 2T, 6.
1533.0 3186.0 5850.0 25, 5.
1483.0 31Z0.0 3800.0 19, 15,

0 0
8 0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
.0 1459,0 3086.0 5760.0 16.8 12,
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

93,
B9

1

2 36.1 30,9
3

4

582

b

E

g

9

il
i3.8
3l
64,
78,
43,
a0,
a0,
63,
3.

85, .5 35,
40. 118,
a0, .5 26,
38, .5 68,
T 174,
46, .5 35
14, .7 50,
50, 3 3s.
57, .2 39,
43, .9 61,
9. .9 3.
40. 1. .0 46,
49, T2, .4 46,

i 5
g E
g 4 12,
13 3
i} 2
5 7
4 ]
g a
g 4
g ]
§ 4
3 g
3 g
g g
40.4 55.8 4.9 42.2 41 8
3 4
3 f
g 9
7 1
g 1
5 7
q 1
i 5
g 7
g f
3 ]
i 2
3 5
i K
1

13,
12,
10.
f
f
11,
9.
5.
18.

B3
EH

10
11
12
13
14
15
16
17
18
19
0
i1
iz
3
it
i3
ib
a7
8
29
a0

Far Help, press Fi

0
0
0
0
0
0
0
0

T 9. . . 15,
10, 15, . 15,
14, 19, . 19,

. 10. . . 15,

. 4. . . 15,

5 .
10, ER
13, 11,
13, 11,
17, 16.

. 14,

T 13.
16, 16.
4. i1,

1468.0 3084.0 3780.0 17, 13.
1482.0 3115.0 3810.0 14, 13.
1471.0 3110.0 3800.0 16, 12,
1456.0 3073.0 3740.0 17, 12,
1478.0 3057.0 5740.0 16, 12,
1492.0 3040.0 5700.0 15, 11,
1487.0 3083.0 5740.0 19, 14,
1463.0 3087.0 5750.0 19, 14,
1474,0 3087.0 5760.0 17, 13.
1478.0 3100.0 5750.0 17, 12,
1478,0 3086.0 5750.0 19, 12,
1473.0 3089.0 5760.0 17, 12,
1490.0 3112.0 5790.0 18, 14,
1497.0 3135.0 5840.0 . 18.

6. 75, .5 3L
32, il 335
3. 33 .9 35,
34, 33 .4 21,
i1 16, .51z,
14, .2 38,
i, .6 19,
7. .72,
4. 325,
4. .6 3L
1. .0 36,
45, 1017,
68, .6 29,
T .2 26,
il .8 10,

= = B R i R N = = B =R =

B = T T e T N e e T L = ST 2. JRLY = S S SN . . BT =
[ R B T~ e T R S e O e e = SO e e R S e O e == T =S e B e B~ e B e
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Align Air Quality Data

File Edit %ew Insert Format Help

IEDurierNew j I'IEI j I'W'estern j Bl[l o |,§®| E Dlﬁ'lnl %l@kl ﬂl

bElEl -89 -9 -595 -599 -95 -599 -99 -95 -99 -9 -595 -55% -99
jalaz -99 -9 -599 -93 -99 -99 -99 -93 -99 -89 -9 -99 -85 -89
jalai -99 -9 -599 -93 -99 -99 -99 -93 -99 -89 -9 -99 -85 -89
jalad -99 -9 -599 -93 -99 -99 -99 -93 -99 -89 -9 -99 -85 -89
igles  -949 -9 -99 -99 -99 -599 -99 -595 -99 -9 -99 -55 -99
jalan a3 -39 75 2 g7 -99 23 75 33 a7 T a4
Jjala? -99 a9 -99 -93 -939 -99 g7 -99 -99 -9 -99 -85 -89
jalad -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
36ele9 -99 -99 -89 -599 -99 -599 -99 -85 -89 -9 -99 -85 -99
JFalwo -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
3al?l  -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
3alvi a7 94 ad 39 54 -89 39 a5 a0 73 a1 52
3al?i -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
jalv?4 -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
3al?s  -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
jal?a  -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
3al?? -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
3alvag 53 91 47 g5 -99 47 =) = 91 (1=
3al?s -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
Jjaldn  -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
jaldl -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
jalgz -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
ialdi -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
3ald4d 33 43 30 10 35 -89 35 a0
ialds -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
jalda  -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
3jald? -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
jalds -99 -9 -599 -99 -99 -99 -99 -85 -89 -9 -99 -85 -89
ialds -99 -9 -89 -99 -99 -99 -99 -85 -89 -95 -89 -39

For Help, press Fl
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Missing Data

February 2004

Missing data must be marked in the data set

If possible, fill in spurious gaps in the data
through extrapolation

Minimize the use of variables that have large or
routine gaps in the data

Statistical software typically eliminates a record
from the analysis if it includes a variable with
missing data

Short Course on Air Quality Forecasting — Tool Development
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: Checking the Database

» Use a spreadsheet or canned programs to
assess the data

« Basic statistics
— Maximum, minimum, and range
— Average
— Correlation matrices

» Graphical presentations to identify unique
data and outliers

— Time series plots
— Bivariate data plots

° ° ° ° ° °
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Checking the Database
Data Analysis

e Examine trend
« Scan data for outliers
 Note unusual or exceptional cases

-A «— Exceptional Case

94 187 280 373 466 559 652 745 838 931 1024 1117 1210 1303 1396 1489 1582
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Checking the Database
Analyze Scatter Plots

(@]
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o
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950 mb RH (%) NKX 500 mb Ht (m/10)

° ° ° ° ° °
Short Course on Air Quality Forecasting — Tool Development

33



Creating a Model

February 2004

Overview

Stepwise Multivariate Regression
Decision Trees

Model Evaluation

Short Course on Air Quality Forecasting — Tool Development
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Overview —
Selecting Statistical Software

February 2004

Avallability, platform, and cost
What statistical algorithms are provided?

Data transformation

— Fixed format (flat ASCII)
— Spreadsheet or variable format (.xIs)
— Translation software (DBMS Copy)

Windows-based?
Output formats
Ease of use

Short Course on Air Quality Forecasting — Tool Development
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Overview —
Common Statistical Packages

February 2004

Excel (Basics)
SYSTAT
BMDP
SASS

SPSS

CART

Neural Networks




Stepwise Multivariate Regression i or2)

« Data Considerations

— The number of cases is more important than
the number of predictors

— Two years of data at minimum
— Select the appropriate predictor variables
— Missing data limits number of cases

— Sort data into dependent and independent
data sets for validation

°
February 2004 Short Course on Air Quality Forecasting — Tool Development
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Stepwise Multivariate Regression o2

 Algorithm Fitting Criteria

— Software sets a default criteria for
developing empirical model (probabilistic,
f-level to enter...)

— Lowering the default criteria to allow
variables into the algorithm development
will result in over-fitting the data

— Small data samples (only a few records)
can result in over-fitting as well

°
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Regression Model Evaluation

« Evaluate R, R?, and error
« Considerations

— What variables are included in the algorithm?

— Does the algorithm make physical sense?
» Variables selected consistent with conceptual model?

 Directional sign of coefficients consistent?
» Assess variable contribution to prediction
— Value of intercept
— Weight of coefficients

° ° ° ° ° ° °
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Stepwise Multivariate Regression —
Excel Database (1 o2

Ed Microsoft Excel - ppometa2
File Edit ‘iew Insert Format Tools Data  Window  Help
Arial 10 - B F 0

= v | g P - @),
BE12 v X A& 39
Al e ¢ D] E|F|leg] H | 1 | 4 | kK | L | M | W | o | p | a—
Year Month Day DWKO Dwik1 PO P1 HOURS HSYEG HSSAN HSDRA H7WBG H7SAN H7DRA HEVBG HESAM HBDRI:!
93 12 5 -03 99 -93 -93 -93 -93 -3 -3 -3 -3 -3 -
99 1 B 3 9.72231 579 78 572 315 313 308 154 151 15
99 972823 534 581 5760 317 313] 313 155 163 18
99 973485 580 &76 SE9 315 311 311 153 182 18
99 974215 533 581 579 319 317 316 158 186 1%
99 975014 &84  A86 580 320 318 37 158 167 1A
99 976882 582 681 579 319 317 316 157 186 14
99 976818 575 576 571 33 33 30 153 182 140
99 977522 576 8570 563 311 309 307 152 143 15
99 978894 882 &80 577 36 314 315 186 183 15
99 980033 582 581 580 317 315] 315 185 184 15
99 981239 578 578 577 33 32 312 183 182 15
) 982512 574 &71 866 311 309 305 152 149 14
99 98385 577 577 571 33 3N 309 153 151 :
99 985255 8865 577 5800 317 314 316 158 157
99 986725 &35 683 580 317 316 313 186 152
99 98826 573 575 BBE 310 310 304 152 180
99 98986 577  5F6 S8 313 310 307 183 151
99 991524  &76  &78 573 313 314 310 154 153
99 9.93251 570 &7  8E9 309 312 307 152 152
99 9.95041 566 5700 562 308 309 303 151 152
995893 572 A74 556 310 309 299 152 152

999808 679 577 667 314 312 307 186 182
I[N

Mk D) R = = O e D0 B = =] 00 b D0 R = =] O
(np Ry R R N R R R Ry R R R WU R R R W R R

(RN R RN RN R SRR SRR VR RURY SRR WY SN R S AR R SRR WU S AR
[T R AN RR N NNy SRR ENRE ERR R WU SRR R N TR R SRR N R

° ° °
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Stepwise Multivariate Regression —
Excel Database o2

Ed Microsoft Excel - pjimeta2
File Edit ‘Wiew Insert Format  Tools Daka  Window  Help
Arial =10 - B I 0O

= A | s - A <@ .
+ XA 39
AE | OAF | oAG | AH | oAl | oAl | AK [ AL [ AWM | AN | AD | AP | AQ | AR |
BASEHT TOPHT RH995 RH350 RH900 RHE00 OMNTAZ250 RIVR250 RIVS250 RIVRZA1 RIVS251 RIVRI100 RIWRTEIMIRATO F:.I
-99 99 .93 .99 .93 .99 -89 -99 -99 -99 -99 -99 -99 -99
800 3250 BR7 965 326 18 497
100 2700 509 218 195 198 21.9 6.2 38.2
100 1600 469 226 2189 21 12.3 6.2 33
100 700 276 238 23 214 29.8 123 51.1
100 1940 212 184 187 172 . 372 . 29.8 3.8
100 2720 286 166 154 162 57.3 372 . 758
100 2650 BB.2 289 245 249 573 70.3
2000 2700 891 947 8596 241 . 13.5 . B9.3
00 Fo0 211 211 215 191 22 13.8 . 1.2
100 2440 248 206 204 199 282 22 451
1300 2600 5058 264 293 286 . 495 . 282 56
1100 1800 91 332 334 30 78.7 495 . B0.3
1800 3000 S35 605 305 281 209 78.7 71.9
700 1400 992 249 245 263 . 31.1 . 209 £3.5
100 1300 284 263 256 248 56.7 31.1 . 749
500 2000 G422 309 368 473 70 56.7 7.2
2980 B430 842 93 464 252 _ 92 _ 70 42.4
2500 4500 962 744 846 7 56.3 52 . 5.1
2900 3600 894 955 228 25 256 25.1
5900 R100 966 951 948 947 . 176
09593 9999 956 952 956 951 26.8
1000 2700 927 &13 351 2495 347
M 4 k M|spmmeta s

Edit
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Stepwise Multivariate Regression —
Data Imported into SYSTAT

—& Untitled - SYSTAT Data
File Edit Miew Data Graph Statiskics  Help

ER=T: JE T =R = s o S C = e e
| 2p@s cmnwE ||[===|Q e o

|R|:-W: 1, Wariable: YEAR 99

YEAR DAY
-99.000 31.000
499.000 ) 1.000
499.000 . 2.000
499.000 . 2.000
95.000 . 4.000
4949.000 . 5.000
95.000 . 6.000
499.000 . r.ooo
99.000 . g.000
49.000 . 4.000
99.000 . 10.000
95.000 . 11.000
499.000 . 12.000
499.000 ) 13.000
499.000 . 14.000
499.000 . 15.000
49.000 . 16.000
99.000 . 17.000
95.000 . 18.000
499.000 . 19.000
49.000 ) 20.000

° ° °
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SYSTAT — Variable Sorting

Select Cases

W ariable[=z): Function Type: W ariable[=z):

Caze k athematical Caze

YEAR _ —  |vE&R
MOMNTH Functions: MONTH

Cracy’ SR Cray’
OO LOG w0
Lk L10 Lk

FO | ExP FO
Add Add

“anable Yanable ar Function
Select TE.-“-'-.FI

AND |

AND |

aMb -

[T Complete [T Tum Select Off
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SYSTAT — Multivariate Regression
x

RIVETO D ependent: ok
RIvRRHO A - | IFH"-.-"FIEE'l \_I
RIVROD32

RIVRNO22 ¢ Femave |
RIVATT el ‘

Cancel ‘

={r=]=1"k! |ndependent]z);
R

HH RIVRO32

T - ¢ Remove | IElRiaL0EE
T2 | RIVRT

v Include constant

Cases I [ Save: IHEEidUEﬂE j Uphions...

° ° °
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SYSTAT — Adding Stepwise Option

Reqgression: Options
Tolerance: | Me-11

E stimation
£ Complete
[ Mixture model

{* Stepwize

fe  Automatic

(" Interactive

‘" Probability Enter R emowve

{* F-Statiztic

Farce: |:|
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SYSTAT — Regression Equation,
Fit, and Statistics

=28 Untitled - SYSTAT Output Organizer

File Edit

Wieme Data Graph  Stakistics

EMDP Help

D=Ra sl =a =D

[ 2t @ b LB v @

BN =N SNy i

J IEDurier Mew

|18, @iefwrr [a0

Statistics - Statistics ;'

FCRATCHAWPRMMETAZ =
FCRATCHAPMMETAZ
Reqgression - Start
Regression - Step
Fegression - Stop
Rezidualz against Predi
Reqgression - Start
Regression - Step
Fegression - Stop
Residualz against Predi
Reqgression - Start
Regression - Step
Fegression - Stop
Residualz against Predi
Regrezszion - Start
Regression - Step
Fegression - Stop
Residualz against Predi
Regrezszion - Start
Regression - Step
Fegression - Stop
Residualz against Prec
Regrezszion - Start
Regression - Step
Reqgrezsion - Stop
Rezidualz against Prec

B Bl E

February 2004

{Coefficient

-60.

ICRIT:E

lbnalysis of Variance

Fource P 8um-of-3quares

Fesidual

= mn.w.m_ir
3 caa= |a] delembe=d du= o mir=sdog data.
Foltimle H: 0.751

Taeg! RATUVEZSL H: BEY

Jueted gquarsd multiples B! O.EEE

|

dandord cEIok Of gacimaco:

Sguasted oultiple R: 0.5584

10.8L3
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Interpreting the Equation

Variable

Coefficient/Intercept

Contribution to PM, . Formation Process

CONSTANT

-60.216

HOURS

-3.111

Compensates for summer insolation

H8VBG

0.634

Stagnation

T8VBG

0.512

Stagnation

SUMPG

1.568

Westerly onshore flow

LAXSFO

-0.782

Southerly onshore flow

SANLAS

-3.379

Competing with SUMPG

T1000

-1.265

Warm temps greater mixing

T950

-0.626

Competing TSVBG or RH1

RH950

0.130

Stratus or saturated layer

RH850

-0.150

Very deep mixing

RIVRO32

0.503

Summer ozone (up to 10 pg/m?)

RIVRNO22

3.623

Fall NO, contribution

RIVRRH1

0.237

Surface heterogeneous chemistry

R1

0.105

Surface heterogeneous chemistry

T2

0.471

Photochemistry indicator

UCRIT2
February 2004

0.117

PM,, trend contribution
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Decision Tree —
Options to Consider

» Variable transformations

» Case selection

 New variables

* Missing data less an issue

» Address algorithm fitting criteria

February 2004 Short Course on Air Quality Forecasting — Tool Development
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Trees

“EAR - Dependent;
MONTH j Add - | |RIVR251

D
DAk <-- BEmave |

EE&IH Independent|z): Help |
F1 SANLAS

HOURS Sleela N i

HaWE L <= Hemove | T390

HEseN ] 7850

Cancel |

[~ Expand model

Loss: I Least zquares

Dizplay nodes az; | Text

°
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SYSTAT —
Tree Statistics, Splits, and Nodes

-|_§"| Untitled - SYSTAT Output Organizer
File Edit “iew Data Graph Statistics BMDP  Help

a2 a |5 E0 ||k @ kb v e || E A a Sl |

IEDurierNew L”EI ;|| B I 1 | = J = | 19, Rk HTFlB[}
— . . - [Lrdid LUL LIIE LLlJ.J.leJ.IJJ:'I TESUI LD WELE SEIBECLEO doooOr J.-l|='| L

Hesu:lua.ls against F"rEdI;I (YEAR: —1)

HEQ’ESS!DH'SHH 789 cases deleted dus to missing data.

Reagreszion - Step Split YVariahle PEE Improvement

Regrezzion - Stop 1 UCREITZ .184 0.134

Residuals against Predi HIVEE L2156 .03z
Regression - Start SUNEG 246 .030

z
3
. 4 Rl .331 .055
Riegression - Step 5 RIVERHL .391 .060
Regreszion - Stop & HOUERS 425 .033
Residualz against Predi Fitting Method: Least Scuares
Reaqression - Start Predicted wariable: RIVEZL1
Minimam split index walue:
Fiegression - Stap inimam improwvement in PRE:
. . ) aximam nunber of nodes allowed: Z2
HESldua.IS agairrst Pred inimuam count allowed in each node: 5
Regression - Start e final tree contains 7 terminal nodes
Reagreszion - Step Froportional reduction in error: 0.4z25
Fegression - Stop ode from Count Mean ah Split War Cut Value
] 527 27.061 .209 TCRITZ 25.400
333 15.590 . 130 H7VEG 307.000
494 32.771 L6022 Rl 30.000
154 13.690 . 196
179 Z2.806 162 SUMPG -11.000
33 10,097 820
l4as 25.679 L 462
33 9.970 . 550
46l 34,403 L8538
373 31.813 .709
g8 45,3580 L9358
47 43,438 L0023
326 30,137 .193

Reagreszion - Step

Residuals against Predi
Statistics
uickPlot
Statiztics
HuickPlot
Statistics
uickPlot
Statistics
HuickPlot
Statiztics
[ uickPlot

Lo I o W O O AN Ol ]

=~
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RIVR251

Mean=27.061
Limited SD=16.209 Moderate

: N=827 ,
Persistence Persistence

|
UCRIT2I<25.4OO

Mean=18.590 Mean=32.771
SD=11.130 SD=16.602
N=333 N=494

| |
H7VBG<307.000 R1<30.000

Mean=13.690 Mean=22.806 Mean=9.970 Mean=34.403
SD=7.196 SD=12.162 SD=7.550 SD=15.858
N=154 N=179 N=33 N=461

Moist Surface
Deep Mixing Dry Air Mass Air Mass

SUMPG:<-11.000 RIVRRH=I<79.600

Mean=10.097 Mean=25.679 Mean=31.813 Mean=45.380
SD=4.820 SD=11.462 SD=14.709 SD=15.938
N=33 N=146 N=373 N=88

Dry Sea Breeze Flow
Offshore

|
HOURS<11.103
Flow |

Mean=30.137 Mean=43.438
SD=13.193 SD=19.023
N=326 N=47
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Understanding the Tree

» Do the splits make physical sense?

» Does the structure fit the conceptual
model?

» Can the tree be further pruned?
* Does the tree need to be grown?

» Can the tree be used directly as a
forecast tool?

February 2004 Short Course on Air Quality Forecasting — Tool Development



Model Evaluation —

Evaluating the Branching and Terminal Nodes

Node | PM2.5 | AQl Percent Description
pg/m3 Distribution

1 13.7 €] 18.6 Deep mixing with limited persistence

2 10.1 €] 4.0 Dry offshore flow with limited persistence
(Santa Ana)

3 25.7 M 1.7 Onshore flow with moderate mixing and
limited persistence

4 10.0 G 4.0 Dry offshore low with moderate
persistence

5 31.1 M 39.4 Nov-Feb heterogeneous nitrate chemistry

6 43.4 | US 5.7 Mar-Oct combined photochemical and
heterogeneous chemistry

7 45.3 | US 10.6 Stagnant air mass with fog

February 2004
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Model Evaluation — General

February 2004

Assess performance using development
and independent data sets

Set a target for model performance

Contingence matrix for threshold
analyses (>50%)

Error (10% of maximum observed
concentration)

Bias as near to zero as desired

Short Course on Air Quality Forecasting — Tool Development
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Model Evaluation —

PM, - Regression Model Performance

February 2004

Model tendency:

underpredict

Short Course on Air Quality Forecasting — Tool Development
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Alternative Models

» Combinations of CART and regression

» Discriminate or cluster analyses to
group similar air quality events

» Factor analysis
* Nearest neighbor
* Neural networks

February 2004 Short Course on Air Quality Forecasting — Tool Development
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Daily Operation

February 2004

The model/algorithm is a tool!

Bad or missing input data will be
reflected in the prediction

Adjustments are required for special
circumstances and timing

Forecasters blend experience with
model output to generate the final
product

Have fun!

°
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