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Abstract

This study presénted the selection of ozone (O;) potential factors and designed and assessed its potential predic-
tion model using multiple-linear regression equations in Ulsan area during the springtime from April to June, 2000
~2004. O, potential factors were selected by analyzing the relationship between meterological parameters and
surface O; concentrations. In addition, cluster analysis (e.g., average linkage and K-means clustering techniques)
was performed to identify three major synoptic patterns (e.g., P1~P3) for an O; potential prediction model. P1 is
characterized by a presence of a low-pressure system over northeastern Korea, the Ulsan was influenced by the
northwesterly synoptic flow leading to a retarded sea breeze development. P2 is characterized by a weakening
high-pressure system over Korea, and P3 is clearly associated with a migratory anticyclone.

The stepwise linear regression was performed to develop models for prediction of the highest 1-h O; occurring in
the Ulsan. The results of the models were rather satisfactory, and the high O; simulation accuracy for P1 ~P3 syn-
optic patterns was found to be 79, 85, and 95%, respectively (2000~ 2004). The O; potential prediction model for
P1~P3 using the predicted meteorological data in 2005 showed good high O; prediction performance with 78, 75,
and 70%, respectively. Therefore the regression models can be a useful tool for forecasting of local O; concen-
tration.
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Fig. 1. Topographic map of the Ulsan metropolitan area in the southeastern Korea and the location of observation
sites (UG: Ulgi, GD: Gongdan, DS: Daesong, SEN: Seongnam, BG: Bugok, YC: Yeochon, YE: Yaeum, SS: Sam-
san, DES: Deoksin, MG: Mugeo, HS: Hwasan, WS: Wonsan, SN: Sangnam).

o] &38le] ZAEAE 3Y313ch RDAPS 244 #}
B 122°E, 39°Nol| Z4& T3 2Aulgtos 19]
A, FEuske g 171702 AP G=bek 337)
o2 o]folA itk ARZEAL 30kme|n] 3341
HWAE oz A uAY A28 F sl
A5, 1247 kAo AFE (0000, 1200
UTC).

33 2% FAREANC g XAE Rl Ao
o AF7)17E] A AF B s 2R )
E oitsle EAAQ ZI4FE 7 FEe] w2
EAHUS)Z A8l (SH), 57 (B)), AA$-(Z22) 4719
2E AAsde AL s AE wee
47) xA2] R 12A)7F 1,000hPa x| ¢ ZEAH 7%
W, AR AT YA 3 A-7e] g =
(PG1, PG2, PG3), 24t 7|49 AtgelrM oo A3
2kt A B Felvt. LR A3 S &
8l W79 e AR S motEle I
o] F2 A}8-¥o]-2 Davis and Kalkstein (1990)01] £}

A7 BAGHA A3 A ls

44
42
40+
381

36}

Latitude (N)

34+
324
304

28 r T T T T T y — T T
112 114 116 118 120 122 124 126 128 130 132 134
Longitude (E)

Fig. 2. Locations of each site used in meteorological pat-
tern classification (US: Ulsan, BJ: Beijing, ZZ:
Zhengzhou, SH: Shanghai).
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Table 1. Statistical tests for determining number of clus-
ters to retain.

Number of Semipartial R*  R? Pseudo-F  Pseudo-t!
clusters
9 0.036 0.282 21.349 23.278
8 0.024 0.258 21.608 14.387
7 0.006 0.251 24.462 3.503
6 0.096 0.156 16.159 55.977
5 0.022 0.134 16.968 11.244
4 0.019 0.115 19.043 9.504
3 0.085 0.029 6.690 42.484
2 0.006 0.023 10.465 3.195
1 0.023 0.000 - 10.465
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Table 2. Number of days for seven synoptic patterns and their cloud amount and O; concentration during April through
June, 2000~ 2004.

a Daily mean Daily mean Daily max. No. of days >
Patterns No. of days cloud am}(])unt (tenth) con?/(ppb) 1-h CO};I. (ppb) 1-h/80 pzbb

P1 95(21.4) 22 27.9 54.5 31(32.6)
P2 34(7.7) 3.0 26.8 54.3 7(20.6)
P3 37(8.3) 22 279 534 . 6(16.2)
P4 118(26.6) 5.4 24.3 44.0 11(9.3)
P5 41(9.2) 6.9 24.6 42.8 249
P6 117 (26.4) 8.2 21.9 39.1 4(3.4)
P7 2(0.5) 9.0 - - -

*The values in parenthesis indicate the frequencies of the classified cluster.
®The values in parenthesis indicate the probability of O; exceedances.

Fig. 3. Weather maps at 850 hPa over the Korean peninsula at 0000 UTC corresponding to each pattern: (a) P1(23 May
2004), (b) P2 (25 May 2000), (c) P3 (5 April 2003), (d) P4 (15 June 2004), (e) P5 (11 June 2002), and (f) P6 (3 April

2001).
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Table 3. A statistical summary of meteorological variables
observed during O; episode and non-episode

days (Mean=+ 10).
Episode day =~ Non-episode day
Daily mean temp. (°C) 21.7+2.7 17.6+3.9
Min. temp. (°C) 15.7£3.6 13.4+4.5
Max. temp. (°C) 28.1+25 22.1+4.4
Daily range of temp. (°C) 12.442.7 87+38
Amounts of cloud 29+22 54+£32
Rate of sunshine 0.7+0.2 04+03
Daily mean RH (%) 53.5+8.8 63.0+16.1
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Fig. 4. Wind direction and mean wind speed at 850 hPa (0000

belonging to P1, (¢) P2, and (d) P3, respectively.
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Table 4. O, statistics of sea breeze (SB) and non-sea

breeze days (NSB).
Daily max. No. of days
1-h con. > 1-h/80 ppb
SB (98 days) 74.9+23.6 35(35.7)
NSB (357 days) 64.4+£17.8 65(18.2)
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Table 5. Meteorological conditions and O, statistics for a given onset time of sea breeze.

Meteorological conditions

Onset time of

g Wind speed
seabreeze (LSD - No.ofdays 1500 15001 ST (ms )

0800 9 40%0.18

0900 19 384033

1000 37 380,37

1100 14 374034

1200 3 364028

1300 8 354065

O, statistics

ai ax. 0. of days
Land breeze (%) l?‘ldcli)};fzppb) > Lrs0 pob (%)
2(22) 683 2(222)
9(47) 653 3(15.8)
18(49) 745 13(35.1)
11(79) 79.6 7(50.0)
7(70) 91.5 8(72.7)
5(63) 75.3 2(25.0)
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Fig. 7. Diurnal variations of O; concentrations for Group
1(TSUM=>2) and Group N (TSUM< 2).
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Table 6. Relationship between previous day max. con-
centrations and mean of today’s max. concen-

trations.
Con. of previous
day (ppb) 0;280 40 <0,<80 0;<40
No. of days
> 1-b/80 ppb (%) 30(30.3) 24(7.3) 1(4.0)
Mean of today’s 79.9 642 43.8
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Table 7. Various air pollution potential factors in association with high O; episode days.

Potential factor Marked variables
Synoptic patterns P1,P2,P3
Daily max. temperature ("C) [Tmax]

Various meteorological parameters

Synoptic flow

Onset time of sea breeze
Mean wind speed (1000~ 1500 LST)

PBL (Planetary boundary layer) height

Sea breeze effect

Atmospheric stability TSUM

Persistency of high pollution levels

u and v component at 850 hPa

Mean wind speed (0100~ 0600 LST)
u and v component at 0500 LST

Concentration of previous day

Rate of sunshine {sun]
Amounts of ¢cloud

[cloud]

[U850] - [V850]
[time]

[win (1015)]
[PBLH]
[TSUM]

[win (0106)]
[U0s] - [VO05]

[conc]
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Table 8. Multiple linear equations for predicting O, con-
centration.

Equations R?

[041=0.52066+2.09273 {Tmax]
+0.62618 [850 U]+0.77685 [time]
+0.00365 [PBLH]+4.35931 [TSUM]
+0.18495 [conc]

[0,]1=12.37217+23.03921 [sun]
P2 —1.18169[850 V]+5.61329] TSUM]
+0.61913 [conc]

[03]=36.65667+14.84429 [sun]
+0.43776 [conc]

Patterns

P1 0.4325

0.6685

P3 0.4467
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Table 9. Contingency table used for verification of ozone
prediction accuracy.

Predicted O; conc.  Predicted O, conc.

<80 ppb =80 ppb
Observed O; conc.
<80 ppb A B
Observed O; conc. c D

=>80ppb

Simulated O3 (ppb)

20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160

Observed O3 (ppb)

Fig. 8. Scatter plots of simulated (ordinate) versus observed (abscissa) concentrations using a multiple regression

model during April through June, 2000 ~ 2004,
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Table 10. Basic statistics for Ulsan ozone potential simu-
lation (2000 ~ 2004).

RMSE Bias
PI P2 P3 PlL P2 P3
Episode day 112 108 55 .1 09 10
Non-episode day 131 68 87 09 1.1 10

Table 11. Basic statistics for Ulsan ozone potential fore-

casts (2005).
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Fig. 9. Scatter plots of predicted (ordinate) versus observed (abscissa) concentrations using the multiple regression

model during April~ June, 2005.
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