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Abstract

In order to classify smog type during the summer season in Seoul, air quality and
meteorological data were analyzed by multivariate analysis. Among 15 variables relating
to visibility, 10 variables were selected by multiple regression analysis for clustering of
smog types; total suspended particle, sulfur dioxide, ozone, nitrogen dioxide, total
hydrocarbon, south-north wind component, relative humidity, precipitable water, mixing
height and air temperature. Smog types were grouped into three clusters using cubic clus-
tering criterion and the numbers of days in each cluster were contained 74, 28 and 16
days. Each cluster was seperated clearly by sulfur dioxide, precipitable water and air
temperature. The first cluster was representative of high ozone concentration and prevail
ing meteorological conditions for ozone formation. Therefore, visibility in the first cluster
was considered to be affected by photochemical smog. The third cluster showed character-
istics of sulphurous smog type due to the higher concentration of primary pollutant, based
on the dry condition than that in another cluster. On the other hand, the characteristic of
the second cluster was not relatively clear, but considered to be in an intermediate char-
acteristic between photochemical smog and sulphurous smog type.
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Fig. 1. Diurnal variations of air pollutants and meteorological parameters in Seoul from April to September

in 1989-1991.
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Table 1. Variable descriptions and selected times.

Variables Time Method
VIS ; visibility( <12km) 14—16 Mean
SR ; solar radiation 05-16 Sum
Ta ; air temperature 14—16 Mean
CL ; cloud amount(<80% ) 12-16 Mean
U, ; east-west wind component 12-16 Mean
U, ; south-north wind component  12-16 Mean
RH ; relative humidity 14-16 Mean
Wp ; precipitable water 09 -
MH ; mixing height 16 -
0Os ; ozone 14-16 Mean
SO, ; sulfur dioxide 14~16 Mean
NO: ; nitrogen dioxide 14-16  Mean
CO ; carbon monoxide 14-16 Mean
THC ; total hydrocarbon 14-16 Mean
TSP ; total suspended particle 14-16 Mean

(<3000g/m*)

0.002F 3 ¢ olst7l HW whie] FIHEZ
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Table 2. Adjusted coefficient of determination{R?) and Mallows Cp using all possible regressions for depen-

dent variable, visibility( n=118). The first 5 variables in each model are included variables.

No. of . =3 . .
Variables Ce R Variables in model
8 0544 12498 0511 RH Wp TSP SO. 0O; U, U, NO,
9 0569 8436 0533 RH Wp TSP SO. O; MH U, Ta NO.
9 0568 8685 0532 RH Wp TSP SO. O, MH U, NO, THC
10 0577 8388 0537 RH Wp TSP SO. O, MH U, Ta NO, THC™
10 0573 9220 0534 RH Wp TSP SO. O, MH U, Ta NO. CL
11 0579 9758 0537 RH WP TSP SO, O, MH U, Ta NO. THC CL

*xx indicates selected regression model.
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Table 3. Determination of number of clusters based
on the cubic clustering criterion.

Number of Cubic i
'Clusters R-squared clgste_nng Pseudo-F
criterion

12 0.861 ~0.872 59.6

11 0.846 -1.587 58.6

10 0.830 ~-2.119 58.7
9 0.815 -2.445 59.9
8 0.799 -2.571 62.5
7 0.779 -2.790 65.3
6 0.754 -3.112 68.5
5 0.722 -3.330 735
4 0.687 -2.600 83.3
3 0.647 -1.659 1055
2 0.466 -3.139 1014
1 0.000 0.000 —

Table 4. Result of cluster analysis.

Cluster e RMSSTD" LR, ey dtante
T 07 3% 2 30!
2 28 08 545 1 30
316 09 488 2 3m

* indicates root mean square standard deviation.
** indicates maximum distance from seed to ob-
servation.
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Table 5. Simple statistics of variables by clustering

procedures.

Variable  Total STD Within STD R R¥/(1—R?)
Ta 1.00 063 061 156
U, 1.00 0.88 (.24 0.32
RH 1.00 077 0.42 0.70
Wp 1.00 0.63 061 157
MH 1.00 091 0.18 0.23
G 1.00 0.88 0.24 032
SO, 1.00 0.60 065 187
NO, 1.00 0.77 042 0.71

THC 1.00 096 0.10 0.11
TSP 1.00 0.85 0.30 0.41
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Table 6. Means and standard deviations( STD) of variables for three clusters.
Variables Cluster 1 Cluster 2 Cluster 3
Mean STD Mean STD Mean STD
VIS(km) 8.20 2.54 9.14 1.77 6.87 1.65
SR(W/m¢) 334.52 77.34 389.42 63.96 368.83 55.18
Ta(C) 28.53 2.40 2128 349 21.44 3.34
CL(Tenth) 512 2.05 3.76 2.69 254 291
U.{ m/sec) -2.00 1.39 -3.05 1.32 —2.25 1.18
U,{m/sec) -0.29 0.81 -1.39 1.04 -0.38 0.29
RH( %) 56.56 8.99 47.23 10.04 34.21 10.47
Wp{ mm) 16.87 4,09 8.70 2.27 6.51 2.34
MH(km) 083 0.20 1.02 0.27 0.71 0.10
Os(ppb) 50.48 14.74 35.35 9.48 36.33 7.73
SO.( ppb) 15.14 5.25 21.81 6.68 43.50 12.81
NO. ppb) 25.53 6.49 26.80 6.85 44.44 12.61
CO(ppm) 1.24 0.28 1.40 0.33 1.93 0.42
THC( ppm) 2.66 0.39 240 0.25 2.85 0.78
TSP( pg/m®) 119.38 31.27 125.61 33.57 177.90 23.02
15 15
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Fig. 2. Scatter diagrams of visibility vs. four variables.
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Fig. 3. Median, 25 and 75 percentile values for each clusters.



Table 7. The monthly frequencies of smog days for
each cluster.
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Month

Cluster Year Apr. May Jun. Jul. Aug Sep. Total
1989 1 2 4 6 2 1 16
1 1980 - 1 2 6 10 4 23
1991 3 4 10 8 5 5 35
1989 2 2 - 2 2 1 9
2 9% 3 3 1 - 1 1 9
1991 2 1 2 1 1 10
1989 2 2 1 - - 1 6
3 199 1 1 1 - 1 2 6
1991 2 - - 1 - 1 4
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Table 8. Eigen values and Eigen vectors for each cluster. PC denotes principal component.

Eigen vector

Var.
Cluster 1 Cluster 2 Cluster 3

PC1 PC2 PC3 PG4 PGS PCl1 PC2 PC3 P4 PCl PC2 PC3 P4 PGS
SR 014 -048 022 -012 007 -022 042 011 0.05 029 015 038 -0.18 -0.21
Ta -0.14 013 060 017 007 024 049 -0.10 -0.06 -0.18 046 031 018 -0.06
CL -0.24 018 -037 005 038 023 -013 -043 -015 -0.16 -017 -0.18 011 048
U, -030 002 -008 031 -043 041 002 015 -0.13 -030 0611 015 -028 039
U, -0.17 014 034 -020 017 0.08 029 007 068 -014 -023 028 035 0.13
RH -0.13 043 -015 -0.21 0.28 010 -036 -037 0.28 -932 -025 -024 033 -021
Wp -021 042 031 -0.11 0.21 031 013 -037 023 -041 017 008 039 -0.06
MH -008 -039 016 -036 036 -037 001 004 037 025 -034 033 001 -028
0, 020 -004 024 061 027 006 047 -006 -0.36 003 042 034 016 026
SO. 044 -001 -012 014 -0.10 019 -041 040 -0.09 038 004 -021 029 0.26
NO, 035 003 -024 028 039 035 011 022 014 008 035 -042 -0.30 0.10
CO 028 026 005 -038 -0.24 039 -005 014 0.01 035 -006 -002 032 0.20
THC 028 029 022 009 -027 033 -004 011 0.25 -0.11 031 -030 0.12 -049
TSP 045 016 -0.10 006 009 002 -003 050 005 034 026 -016 038 -0.02

Eigen - -
value 371 278 190 151 1.03 4.14

Cumul.
prob(%) 265 464 600 707 781 29.6

269 221 113 368 251 216 143 132

488 646 727 263 442 596 699 793

4% F3jtannel AR Vel Ee 74dE
A o 627%8 AxWeH, AR S
velid de 164E oF 136%, ¥ #Estar
2 % whdhARTe) FhHQ AgS velyd
32 2890 A oF 237%7} AR zog ZAE
At o)2F z T HAYLS AL EA e
93l F2 FEHAY 71, % § del @
714279 zte) A cha wdse] FEH A
2 s 34, B3 n g Vel 749 F
ANAME 7} dxd dydeys 89 16, 90 del
234, 91939 3592 A o] 7|3Fe) wid oF 50%
4 ZAg Aoz eyt vjF B A7 o
A7)17be 3vdog stgleng Adwsg shetsly)
de ki ge v|Zelelz AztEY, o] 7I7HEe|
spepgtam e WMy} By w3 o Y33
F7tete £32 vehdglonz ol iy tiye]
A3 eFHE Ao Alagch

=
=
o
.

2 10 2 ¥

737194, Av4] (1991) SAS FHEA. ARelztd

a], 68pp.

o]Fw (1991) FHAY ztx)] drle x|l
T 7. IR ASHA], 7(1), 41-
47.

g, AT, A4 (1992) =419 dfrled7)
AJAQzbael] Bale]. JFoN7|RAHE ], 8
(1), 1-6.

&5 (1991) SAS 3 HEA. 2Hfro}z}dle], 91pp.

Barone, J.B., T.A. Cahil, R.A. Eldred, R.G.
Flocchini, D.J. Shadoan, and T.M. Dietz
(1978) A Multivariate statistical analysis of
visibility degradation at four California cit-
ies. Atmospheric Environment, 12, 2213-
2221.

Leaderer, B.P., T.R. Holford, and ]. Stolwijk
(1979) Relationships between air pollutant
and visibility. J. Air Pol. Control Assoc., 29,
154-157.

Oke, T.R. (1978) Boundary Layer Climates. Me-

thuen & Co., 281-284.

K.H. (1980) Source identification and
resolution through application of factor and

Philip,



chi el AL o] & AgA

cluster analysis. NYAS, 103-115.

Philip, K.H,, E.S. Gladney, and A.G. Jones (1976)
The use of multivariate analysis to identify
sources of selected elements in the Boston
urban aerosol. Atmospheric Environment,
10, 1015-1025.

Solot, S.B. (1939) Computation of depth of
precipitable water in a column of air. Month-
ly Weather Review, 67(4 ), 100-103.

Trijonis, J.C. {1979) Visihility in the southwest an

A Avae) Hey BF 287

exploration of the historical data base. At-
mospheric Environment, 13, 833-843.

William, H. and J. Lewis (1980 ) Protection against
visibility impairment under the Clean Air
Act. J. Air Pol. Control Assoc., 30(2), 118-
120.

William, M.C. and J. Clark (1981) Ambient ozone
concentration patterns among eastern U.S.
urban areas using factor analysis. J. Air
Pol. Control Assoc., 31(7), 762-766.



