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Background

A Real-Time Air Quality Forecast (RT-AQF) system that
IS based on a three-dimensional air quality model
provides a powerful tool to forecast air quality and advise
the public with proper preventive actions.

e This model exits the overpredictions of O; and
underprediction of PM2.5are likely due to uncertainties in
emissions, inaccuracies in simulated meteorological
variables such as 2-m temperature, 10-m wind speed,
and precipitation, and uncertainties in the boundary
conditions.

« WRF/Chem-MADRID demonstrates good forecasting
skill that is consistent with current RT-AQF models



ODbjectives

 The objectives of this study are to evaluate the
forecasting skill of WRF/Chem-MADRID in RT-AQF
applications and to identify likely causes of model biases
as well as the areas of the improvement.



Methods

« Existing AQF tools include simple rules of thumb in which
thresholds of forecasted meteorological variables can
Indicate future high pollutant concentrations based on
their correlation derived from observed and forecasted
meteorological and air quality data,

 An RT-AQF system based on an online-coupled

meteorology-chemistry model has a potential to better
represent the real atmosphere and thus provides more
accurate AQF.

e WRF/Chem for RT-AQF is based on the modal
approach, MADRID uses a sectional representation for
particle size distribution and more advanced model
treatments.



Analysis

* Fig. 1 Flowchart of the RT-AQF system based
on WRF/Chem-MADRID
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Fig. 1. Rowchart of the RT-AQF system based on WRF/Chem-MADRID  VISTAS denotes the Visibility Improvement State and Trbal Aszocation of the Southeast)



Fig. 2. Simulated domain for RT-AQF. Numbers
of 1-9 Indicate geographical regions(separated
by dash lines) to be evaluated.
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Fig. 2 Simulated domain bor ET-AQF Mombers of i—9 indicate geographical regions
(=eparated by dash lines) o be evaluated; letters indicate the locations of the selocted
iy urban sites for detailed analyses: A-Atlanta aty in Georgia; B-Birmingham city in
flabama; C-Charlote oty in Morth Carolina; Flack=sonville city in Flonda; L; Lowisville
city in Kentucky, and R: Rakigh cby in North Carolina



Summary of disoete evaluation for meteorological and chemical variables in
May—September of 2009,

Mean Mean MB - RMSE NMEBE  MNME

e Table 1 Summary of ol

houdy T2 (=) May 198 201 03 27 18 76
June 39 242 a3 25 15 5&&8
- - July 241 244 03 24 14 59
discrete evaluation for il MEmas 4 b
September 215 218 a1 23 03 &7
May—September 227 231 a4 25 1.5 6B
. hourhy WS10 (ms-1) May 56 43 —13i 24 -239 356
t I I d June 4.7 6 —1.1 31 226 3B9
I I Ie eoro Oglca an Tuly 45 15 _10 29 218 421
August 41 33 -0 29 204 416
September 45 35 —-10 33 -225 428
- - - May—September 47 37 -10 32 -223 408
chemical variables In PRTES W is 3¢ 10481 ka i
(mmday™') June 24 23 -1z -57 16149
July 28 £ 10 155 357 1977
Auzust 25 29 04 143 155 1845
Ma _Se tember Of 2009 September 31 33 02 162 79 1662
u May—September 29 34 05 149 187 1780
Max 1-h Oy May 4549 4497 38 174 84 283
[pphb) June 28 §I17 09 175 16 252
July 485 543 58 169 120 259
August #h3 542 79 164 17.1 267
) b+rc September 432 473 40 156 a2 275
Accuracy (A) = (m) < 1005 (1 May—September 473 518 44 168 94 266
Max B-h average 0y May 415 4349 24 1348 57 261
" {ppb) June 474 476 02 129 04 232
- . R July 435 4749 44 133 1z 236
Critical Success Index (CSl) (ﬂ—_ i n‘) » 100% (2) At a0 4% ANiRE A6 GeT
- September 387 427 40 135 103 273
b May—September 425 460 35 136 B5 250
Probability Of Detection (POD) = ( )x 100% (3) Hhmverage TWhs My A5 BL LR A4S TR D
b+d (g m—] June 135 113 —-22 63 —162 348
July 125 114 -11 &40 —BE 359
a4 h August 124 120 -04 G4 —-32 369
Bias (B) = (—) (4) September 102 118 L7 58 165 420
b+d May—September 115 100 -06 59 -52 370

a Note: T2: Temperature at 2 m; W5: Wind Speed; Precip: Predpitation; MB: Mean

False Alarm Ratio (FAR) = { b} « 1000 (5) Bias; RMSE: Root Mean Sguare Error; NMB: Normalized Mean Bias; NME:

a4 Nommalized Mean Emor.,
where a, b, ¢, and d, are the numbers of simulated and observed Mean Bias (MB) = I/NYy(Sm-Obsl

Root Mean Square Errar (RMSE) = 3,-' /N5 Y5im — Obsi,

Nommalized Mean Bias (NMB) = 377 (5im — Obs)/ ¥ (Ohs) = 100,

Nomalized Mean Ermor (KME) = }:f |Sim — Obs|/ 577 (Obs) = 100% where Sim,
Ohs, and N are simulated values, observated values, and the number of observations,
respectively.

data pairs at one site at a spedfic time in the four regions (see
Fig. 51 in the supplementary material). They represent forecast



* Fig. 3 shows the overlay plots of 5-month mean
daily max 8-h average O, and 24-h average
PM, - with AIRNow observations.
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Fig. 3. Fve-month ( May—September 2009] mean spatial distribution of concentrations of max 8-h average O (left), and 24-h average PM; (right | (circles indicate ohservations
from AIRMow, hitp:/ fwww_epa.govjairnow

O, overpredictions are most apparent in most areas of Kentucky and Tennessee,
southern areas of Indiana, lllinois, and Ohio, and the Appalachian Mountains
region.



* Fig. 5 shows simulated and observed daily

max 8-h average O, mixing ratios at the

SIX urban sites.

Fig. 5. Simulated and observed daily max B-h average O; mixing mtios at representative urban sites during May—September 20049 (see site locations in Fig. 2). The observational
datawere obtained from AIRMow, hitp:/|wew.epa.goviairmow Louisville isin Region 2, Atlanta, Birmingham, and Charlotte are in Region 5, Raleigh is in Region 6, Jacksonville is in

Region &
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Fig. 6 shows simulated and observed 24-h

average PM, -

concentrations at urban sites.
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Fig. 6. Simulated and observed 24-h average PM; ; concentrations at representative urban sites for May—Sptember 2009 (see site locations in Fig. 21 The observational data were
obtained from AIRNow, hitp: [fwerwepa.goviairnow. Louisville is in Region 2, AHanta, Birmingham, and Charlotte are in Region 5, Raleigh is in Region 6, Jacksonville is in Region 8.



Table 2 summarizes categorical evaluation results.

Table 2
Summary of categorical evaluation for Oy and PM; 5 in May—Septernber of 2009,
Threshold Period AE) CsI{%x) POD (X} B FAR (%} a b C d
Max 1-h Ok ( pph) BD ppb May 9456 20 ng 100 a7 576 i3 10914 45
e 923 737 255 25 200 G658 73 10332 213
Jul 9249 60 40.8 62 934 754 53 10,766 77
August 922 48 430 83 948 B4 46 10707 61
September 974 04 56 1149 845 218 5 11,024 22
May—September 940 52 3.3 53 a4.1 3050 190 53743 419
Max B-h avermge Os | ppb) 60 ppb May 8B3 125 249.1 16 820 BE3 189 o813 460
June E00 15.1 6.0 1.0 7315 1100 345 8470 1123
Jul 839 148 41.7 22 B14 1389 318 9278 Eaa
August E45 175 56.8 ek 797 1474 374 o7 285
September 918 25 7.2 19 962 594 27 901 300
May—September B5G 140 333 1.7 806 5420 1303 46641 2612
Z4-hraverage PMzs (pg m—) 15 pgm~—3 May 914 108 160 06 74T 160 54 #0555 284
June 699 267 32.1 05 386 341 541 2004 1143
Jul 708 162 271 07 G601 539 358 3282 965
August 60949 211 30.0 o7 582 571 409 3137 955
September TEE 258 47.8 13 G4.1 643 362 3482 395
May—September TE2 223 IL5 il 56.6 2254 1724 17460 3742

L. & Acouracy; C5l: Critical sucoess index; POD: probability of detection; 8B: bias: FAR: False alarm ratio.

2. @ b, ¢, d, am the number of simulated and observed data pairs at one site for a spedfic time in the four regions shown in Fig. 51,
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Table 3 compares model performance using offline
and online
BVOC emissions in July 20009.

Table 3

Comparison of discrete evaluation of the baseline RT-AQF with offline biogenic
emissions and the sensitivity simulations with online biogenic emissions based on
the modified Guenther scheme, and modified boundarny conditions in July 2009,

Mean Mean MBS RMSE NMB NME

b= Sim =) (=)

Max 1-h Ok {pph) Dffline BVOCs 485 544 59 1648 121 2549
Omline BV a4 540 1&49 121 2&0

Modified LBCs 50.3 LB 156 3.7 243

Max B-h avermge 0z Offline BVOCs 435 478 44 133 102 2386
{ pph) (mline BVOCs 481 46 134 05 239
Modified IBCs B 09 126 20 223

24-h average PMzs  Ofline BVOCs 125 114 -1.1 60 —-E& 359
{pE m—) iCnline BV 123 03 &0 —-1.7 354
Muodified LBCs 128 03 &l 2R 3IBS

Obs: Observation; Sim: Simulation; MB: Mean Bias; RMSE: Root Mean Square Error;
MMEB: Mormalized Mean Bias; NME: NMormalized Mean Emor; BWOUCs: Biogenic
Violatile Organic Carbons; LBCs: lateral Boundary Conditions.

13



Fig. 7. July 2009 monthly-
mean bias of concentrations
of daily max 8-h average O3

(upper) and 24-h average

PM2.5 (lower) from
simulations with offline
(baseline) and
online (Guenther scheme)
biogenic volatile compound
emissions, and modified
boundary condition

Ozone (ppb)
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Conclusion

e 1. Even though this system exists lots of
uncertainties and inaccuracies, the RT-AQF
model based on WRF/Chem-MADRID
demonstrates a promising forecasting skill that Is
consistent with current RT-AQF models.

e 2. These bias correction approaches may
be explored to further improve the model’s
forecasting skill.
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