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Multivariate analysis
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Abstracts

The purpose of this paper is to estimate monthly average sulphur dioxide(S0y) concen-
trations in Pusan. For this, air pollution and metecrological data were collected during
the period from Jan. 1989 to Dec. 1980,

The influences of meteorological parameters on daily and monthly average SO as
well as sullalion rate were investigated using statistical analysie. Also, lime-series analysis
between monthly 50 and sulfation rate, correlation analysis and factor analysis were
performed. Based on these, multiple regression models for estimation of monthly S0,
concentrations were derived. Comparing with observed and estimated S0: concentration,
these models shows relatively high accuracy for each measurement sites.

Az a result of factor analysis using the varimaxz method, the homogengous components
in the sulfation rate values at 19 sites were characterized by three principal factors.
The first one(F1, Group 1) was considered to be a factor indicating that the regions
ol residence, business and industry were influenced by exhaust gases from hesting,



avtomobiles and manufacturing plants, The second [actor(F2, Group 2) was related to
the charactiristics of greenbelt regions and the third factor{F3, Group 3) was one indica-
ting that the region of industry surrounded by water bodies was affected by gases polluta-
nts from automobiles and plants.
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Table 1. Data of Air pellution and meteorological factors.

Period Pollution factors Meteorological factors
1689, 1. 1~1989. 12. 31 S0, Temperature
Sulfation rate Relative humidity
Wind speed
Wind direction
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Fig. 1 Measurement sites.
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Fig. 2 Monthly average S0, concentration and sulfation rate levels at three sites.
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Table 3. Statistical results of air pollution concentrations and metecrological factors,

Meteorobopical factor Concentration F Pi
Temperature S0:(KD T.6% 002
50.(Q) 36.11 0.0
SO(R} 17.44 0.00
Humidity S0:(K) 13.07 0.00
S0.(Q) 1109 001
S0:R} 697 0.03
Wind speed SO.{K)™ 17.77 000
S0,(Q)* B76 0.01
SR ™ 904 .01
Wind speed® SO, ™= 4225 0,00
Sulfation rate S50:(K) Z=20491 Zi=196
S50,(Q) Z= B.08
SOu(R) 2= 7.79

* wind speed daty of each sites,
** eulfation rate
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Table 2, Correlation coefficients between pollution and meteorological Tactors.

Sulfztion rate Draily awverage Maonthly average
S0: canc. S0 conc,
TEMP 007 -0 016 -04% 051 -057 066 089 -0.BO
wsy D08 068 062 014 015 005 <019 033 0 036
wsH 080 010 033 032 031 016 -051 056 023
RH 007 006 008 037 035 020 076 -073 064
K 052 044 050 100 037 017 100 030 014
S0, Q 015 008 043 037 100 071 030 100 087

R 028 <023 057 017 0% 100 014 05 100
1) Wind speed data of meteorclogical observatory in Pusan.
2) Wind speed data of each sites.
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Table 4. Wind speed and wind direction at each sites 1989,
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I
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Fall | M we | o | e | o |
(226) | (20.6)  (221) | (207) '
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1), 2}, 33 Data of Pusan metecrological observatory( 1089),
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Fig. 4 Frequency distribution of wind direction at various stations in 1980,
{a) Station K, b} Station (), c} Station R, d) Pusan meteorclogical obscrvatory)
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Table 5. Regression equations for S0.(pph) and sulfation ratefps SOJVday/100em® PoO.}

site TEgression equation

K [50.]=22+004[580:*], ¥=027, SEE=215
=53+ 096[30,/W5), #=0.17, SEE=230

4] [S0,]=655—0.01[S0.*], *=10.01, SEE=319%
=70.3—-051[50+/WS5], =003, SEE=316

R [50,]1=1459—0.08[50,*], #=0.33, SEE=400

=132.9-251{50,/W5], =031, SEE=4046

% gulfation rate
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EEFLEE P

Table 6o+ MENETE REER B G85d T o ATS GRS S 585
T- A% MENE] AT S BEMY FElel s TF HEEER Alolol iRl EREEES R
DT &0 glon, AFH FEE WWES MEMHeR Jehis i sehulEasa
BiEe e A Pk

B AT B M Fig 6olM 220 vhs} o] 06~18m/s0] L I P A2
Mg whet 0.9 WA 13msY e WA SRR AT B S 315--5.0m/s0] 2
I FEE 3 TmfsE M BEY 2 dledE B9 Rt BFS BEREE HEHe s
LMHEEE BYHEE SES Hid 8 EERAEe W EMER  SETe
WA 4= gl AE) Alolols XY 2R GHch ol FERISIHE N e BE Adelds
seddh Mirtke] R1n, U AT BiERe Bl 8R0S q8e] ohdrt A

wEld RH BEEE gl mEE oM feh SRR ATYS B 8% S
vlels @fe s EEEHT @He EREE B ETA 924 mEgch

T8z BRES (RS RE/EUHEA Y FERd Y99 Bune s of J§E
Mol B9 iEs] HECE B3R svlebd goEAlrle 3 A

Table 7& 87}7] case $o|A4 casell ) MUEAR] SodEf b= el o @ @EER T {Multiple
regression) & PEESL AT (Stepwise analysis) #EEAM Q R MR ME AT bt
JmEEs) sk 2 e gl BFE fRas velste o, K ibelAE Rl ala R ek,

Table 8e14€ 38 Mot e 8 fFEY RS- RE 22 O (case 112 R'= 0.08~
085273 Table 6514 H50] case W 2t} frEiA 2243, & FRodse A% 50, RS
i glo] #l# o sulfstion rate FOEHE FlMste] o) S22 sdfation rateT®o)
2R fgse] e asell & HNSAC
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Fig. 5 Atmospheric temperature dependence of dally averape S04 concentration.
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Table 6. Multzple regression equations for each combination of varighles,

case site regression equations R

| K | 160.825—2.156[ TEMP1+ 0.036[S/W] 0.80
I Q 4224+ 2081{ TEMP] —5.878[5/W] 0.83
R 187.846— 4 408L TEMP1— 0.034[S/W] 0LE1

K 158.206—2 208 RH1—0,03075] 080
Il Q 18791+ 2 M9 RH] - 5918  TEMP]—0.013[ 5] 0.85
R 83272+ 2147 RH]1—0.647{ TEMP] - 0.060[5] (.86
K | 165.484+0.127[5/W]—2.254[RH] 0.78
m Q 20,066 — 0.051L5/W] + 1.977[RH] - 5.843[ TEMF] (.56
I BE.267—(.188[S/W]+2.247[RH]~ 7.101[ TEMP] 085
K 66,472~ 2,043  RH ]+ 0.0580 3]+ 16.9760 WS 0,82
v Q -48.832+ 1958 RH]— 5691 TEMP]+ 13.8420WS] (.85
R 83272+ 2.47[RH] = 6974 [ TEMP1—Q.060[ 5] 086
K | 158.206—2.206[RH]+0.039[5] .80
] Q | -138.931+2526(RH]+6.080[15-T...] 0.83
R 100,038+ 4.544[15-Taw ] — 0034 S/W] (.80
K | 156.206—2206[RH]+0.030[5] 0.08
i Q | -138931+2526  RH]+6.080[ 15— Tw] 0.53
B | -88.659+2732(RH]—0.055[ 51+ 7,199 15— T..] 0.86
K 165484 — 2 254[RH]+ 01275/ W1 0.79
VI Q =119.440-+ 24060 RH] + 5.955[ 15— T...]— 0.04005/W] 0.85
R [-109.338+2.880(RH]+7.384[15—T.u) 0.85

K | 86472—2.043[RH]+0058[5] + 16.9760WS] 082 |
Q -185.849+ 2.348[RH]+ 134120 ws] + 5.877[ 15— Taxl 0,56
R 88,605+ 2.723[RH] - 0.0550 51+ 71990 15— Tl 0,85

case | 3 orginal temp., local wind speed, part of S/W
case II 5 original temp, local wind speed. independent
case [ll 5 original temp., M.OH wind speed, part of S/W
case [V 5 oniginal temp, M.OH wind speed, independent
case ¥V 5 {15—T.), local wind speed, part of S/W.
case W1 3 {15—T..), local wind speed, independent

case VIl 5 (15— T..), M.OH wind speed, part of S/W.
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caze YH @ (15—=T.), M.OH wind speed, independent

Table 7. Stepwise analysis of monthly average S0s concentration with respect to several
variables.(case II)

site step variahle Multiple  Determination Oherall Sipnifi
coefficient ~CANCE

I g F (P

i 1 Humid. 0.760 (L578 13,705 (.00
2 S0, 0.803 BT 0.734 0012

1 Temp. (.887 0T8T 36.963 0000

4] 2 Humid. 0.011 (LE20 2216 0171
3 S0, 0922 (L850 1.131 0319

1 Temp. 0.300 D640 17.274 0008

K iz S0, 917 (LE40 28877 L
3 Humid, 0927 (1.8a60 1.113 0322

i S D Soliation rate / wind speed,

Table B, Multiple regression equations(ease 1) for monthly average 50: concentration.

site multiple regression eql*}
K ¥=158.206— 2 206X, + 0.039X,
F=080, SEE=11977, F=17.715
Q ¥=18.791+ 2.019X, — 5.918X.— 0.013%,
R*=0485, SEE=131870, F=15.146
E Y¥=83.2T2+ L147K, —0.674X: — D060

R*=0.86, SEE=20435, F=16318
#® Y =monthly average S0, concentration{ppb)
Xi=relative humidity (%)
Xi=temperature{ )
Xs=sulfation rate[ {paSOy/day/100cm'Ph0,) /(0. 1m/s) ]

1 R RS S0, R sulfation rated] TEE MBI = o @EEEE RERE O 001~
033ehe B4 gon, =Y E@E o8 RIS WE BRE P05 =40724 AT
S0, BEE EEYd Sl £ BEE 7hE Ao Mg

# WiIse] EESCN Q R AEdHAe AT 50, #EST EEs Ml =8 JEndhe

= LY



ghde, Sl ¥ sulfation ratef2] Htmel o2} @dslE RS et

K it 4= ®el 5 lme 9] sulfstion rates SO0 (+)2] BEEE oo EHE
SO, @i (- REE T 3oz Jepdol MR A5E 50, BE Y EEEASS
HitgRe] REMEENT MM SiEmemic] BN R 2 ReRTd e BaE W N
SR T slelH it B HRHEE fldde Ade Fagsis 3 @

Fig. 7 (a), (b}, (0¥ 2 K, @ R Amse] o] € AFdy SO, iR s) mEm=te1 o ¢ Hini =}
EWE b sloss 2z S 9§ BRERE 3F0] 080085 Aleld S8le w2
A Held 3lo SEE @IS 11.36~18274 fmmoy Sich

Fig 82 %9 EESAES AH-els 3 i) o9 A S0, @ Bams= pens
v Hes 38 i ST A3 50, S RSt fiEEs) ] Bt \Eae R
53], K 52 mEme 2ol i mRse ) 2t 2 5o) BBl Bl Alol« —Sshe BEt
ot Hojale ¥ Pk

{a)

= ¥ = -0.084 + 0.999%
207 = R® = 080, SEE = 11.36
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Fig. 8 Variation pattern of observed concentrations and calculated ones.
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BTaire ooAs S o sl dYdoeys FBHEs 8kEd e BREE
Sohlls] @ 7o) EFE MUFE o+ 25 sl ]l 1008 MEL) sulfation rate FEEIE o)
EEe 99 FFAad SR 2 1y BT BEsE & MmuE mEe BEEE e b
EWoz SEs

EF oA BT AER2 B AENK 5 Orthogonal rotaion = varimaxis) £ FlHA S 29
BA@AE pairwise FiEL 2 S HE BEREM(Eigen value) 7k 1.05LEY] HE 2F MisE
He) —igfe]uh* 1948 RS A 2) sulfation rate EiE o] §F ET-S TS ol ole] YR o)
BMEfriEe] SHLE FAEEEE oS Bty S EBEE oSk BTFEe Bl &
L

Table 8 1918 BIEAEEL A PEE sulfation rate® A DEEE shed Esils) LTI Com-
munality) € vEbE Ho g EE 055 EY BEF7 3@ hidsgon, BT 1, BT 2 2 BF
30| 212} MG 83.7%, B7%, 30%E RHEsS 3@ BT mEke) 055%7 RERE
YERED 2l



JoEREE BYEEiEe] BEY RS S AR 8 BT BHEE Table 10 8
Table 115 Yekizis o, ol@e 2z WMEIFE TS (initial factors) 7 E1HERE{ orthogonal rota-
tion) HELE WA T ETEE JtehE Holch MM Sulfation rate2 EF(foctor) &
WHEEEHA EEsrate] Sief DIfEes-A?) §5(Table 1)@ EdE JLEHS o MEER 16
ARl Fig 9+ Jehjich

Teble 9. Eigen value and communality percentage.

percent cummulative |
percént
Factor " Eigen value variation ,
wariation
explained explained
1 15.088 B3S 818
2 1557 8.7 925
T3 ! 0544 30 855
4 0413 24 97.9
5 0165 13 99,2
| 6 0.101 8 100.0
i 7 0.064 T8 100.0
8 ~ 0.032 0 100.0
9 0.019 0 i 1000
10 0.013 0 100.0
11 0.006 0 100.0 |
Takle 10. Factor matrix
site Factor 1 Factor 2 Factor 3
A 0.761 0505 0277
B 0810 0525 -0,181
C 0234 389 0083
D 0.805 0502 0.158
E 0.965 0456 0017
F 0.B88 0,294 0330
G 0.793 0,534 0001
H 0978 0,165 0.018
I 0,061 0.041 0.082




' [.06a

0061

| ; 083
K 0,987 0068 0,022
L (1965 0.201 o0e2
' M 0.968 0.213 0035
N . 0es3 0029 0,208
0 0976 0.166 0119
F po43 0,262 0013
Q n.939 0,157 0.154
R 0911 0,131 -0.355
5 0.897 0036 04ZT
Tzhte 11. Varimax rotated factor matrix
site Factor 1 Factor 2 Factor 3
A 0,293 0.900 0,124
B 0,192 0.781 0,563
C 0.368 (784 0323
o 0294 (0,880 0.253
R 0,649 0,569 (1435
F 0.913 0.383 0,054
G 0.912 (033 0.287
H 0811 0421 (0,386
I 0757 0544 0,248
] 0.630 0,552 0,496
K 0667 0,604 0,410
1 0,836 0402 0338
M 0,821 0.361 0,425
N 0.756 0577 0.220
B 0 0,837 0.455 0.295
P 0824 0.296 D443
Q 0.731 0.246 0.525
R 0471 0478 0.723
5 0.503 0,373 0772
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Group 191c RS (E— 005, MSdit(K- OHis), el ToihhE(P, QMELIo| X
ARG e, Groep 295 EREiEA, B, C, DIENE), Group 3°0% TRAWECR, Sihfk)e] 3%
2ok =8

Group 1& Suliation rate?} 2 B Bib2ls 9 il HRepizlld A8 BEE w29
P R 9 ik ol WIEES TRk SR Rl A BlEE Thed
HEEhe 2 Be R W mNSE s

Group 25 BFE ¥ ASIE #hrtasl B8] 32 i = SEHENRA Sl BilsEels,
Group 34 & 32 THEEEMEN (rEsto] WS BHEE 7128 pldRs] Fhrkod
e BEL O KRR EWLR o=,

Group 3919] Group 1% Tiilie] MESITiE o, sulfation rates] SibRFEC] AEEE
8 ARED Sol NS LSS WEsEe ohuid), BidSe = FHE-EH AT 29 B
wEH e #HEZ 29 SER Aos B,

HETAEaE o8 SEse)F, fohm WEhEiEe] J|OY HOEARF(Fig o) oisle] A
kel T8 EEEE S-S @M tta] MEAE] AR SO, REE fEET el BES il
{bat7] 598 EEESS 9 38 B K, Q RO BT adrel sl mRelk S Jilst
ok RS 2 SEAE Group 29) ARl 418 Maishe] o &) 4 HEIRRCT F B ite] —Aesl
B & LhEl 22 #hEET sulfation ratesl] oI FEREMAGR SrdT(Teble 1238 S5t 3E %
(K, Q@ R} & 713 i@Ee] we Es EEESL @fse Hiesack

Fig. 10 EEFESEs] S o8 w8 53 S50, REe #ERRE Fwgl T
S0 FSHvRIrs) TS E Ve Aol ol Flie Fils M Tije] ik o 2lE Mo
8 RIS o) 88 ¢ elov], TIREME-E Bt Aoifare) Mgl 50, st
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Fig. @ Classified sites by varimax rotated factor maotrix,

v AE3s #5% 50ppb Liks] teeo] Wl @@E veldel 53 £l 9
Aige] SO, RET Zoh= I Sle] BRDT MEHE M) e s SHew Helch ¢hal AWE
HREL§E SRl @Msle] iR 0 6] JiFS SO, @] o sy 4 e
Pk 1o Srep el BiRE 2¢ #0100 SARe) PN E W (sulfation rate) 1 TrEREYY] S E
viebd #lejc,

wery EptiEs] HRdpl s SREL Fhilcl BEsY v IEHse] HmRare|
R Hojo, ohE el HEIE BE SRS BibEe mEEC] 37 wEd
BE % aiiks] phliztest B BikdEe o od B2 BEE ve 2 P
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Table 12, Correlation coefficients of sulfation rate between measurment sites.

T = T |
ﬂBCD|EFE|HIJHLMN'DPQ=R|5

| et

A |L0D |

| Ii||
_la_mj_m|r ff".i

D fog7 nm]amlw.m

E 0.79/0.84/0.76 0.75{1.00

F |0.63{0.500.64/0.61|0.84(1.00

0.33/0.39|0.51|0.4110.72|0.84| 1L.00

T | &

0.56/0.68)0.76/0.7210.92{0.930.85 .'I..IZIIJ'!

0.74|0.7T(0.B1 EI.'FEJG.EIE 0.92:0,79{0.58: 1.00

J l].'?Ellﬂ.-B:llﬂ.Eﬂ 0,75 ﬂ.EEh&EEﬂ.?WﬂBﬂqﬂ.ﬂE]l.ﬂﬂ!

K I].Bl‘ﬂ.ﬂﬂfﬂ.ﬂl D.TE"ﬂ.?B‘O.ET EI','J'EJGEI'& 0.98/0.98 | 1.00

L Lu.nalu.sﬁ-u.mum uaa]um 0.84/0.99(0.98(0.94/0.95(1.00

M |0.60(0.63(0.73|0.67|0.92/0.92| 087 |0.95|0.97)0.94/0.94/0.59| 1.00

N |0.78/0.72|0.75(0.75(0.93/0.92/0.74 ﬂ.ﬂﬂ%ﬂ.ﬁ? .92 (0.96(0.54(0.92]1.00 |

O |0.69)0.69/0.75/0.71/0.94/0.96/0.86 ﬂﬂEI{L‘iE /0.93/0.96/0.98 ﬂ.ETJI'D.BB[I.'W!

P ﬂmpﬂm.n ﬂ.ﬁﬁ!ﬂﬂ&kﬂ.&ﬂiﬂ.ﬂﬂ[ﬂﬂﬁlﬂ.%F.EﬁﬂﬂﬂB‘ﬂ.H ﬂ.EE-ﬂ.EBJﬂ.EE 1.00

Q ‘n.assu.n 0.76.0.71/0.86 .BI[D.E? 0,540, | ,asln_ﬂajum%um 0,860,920 58(1.00

R D.E‘![EI.EE (.75/0.73{0.89)0.67|0.53.0.87)0. 32"05'0-*0.3410.&‘? 0.80/0.23|0.84|0.85)1.00

S 060081 u.m{um 0.88|0.65 nﬁ7l|n.a? 0.45 ML{DJBIU.H 0.87|0.77|0.82 Dﬂﬁrﬂ.ﬁﬂ .99 Lnnl
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Fig. 10 The horizonal distribution of sessonal 50; concentrations in Pusan, 19ED.
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R*=0.08. SEE=115T7
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Appendis. 1 Distribution of ave. S0y Concentration{pph) in Pusan, 1989
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Appendix. 2 Distribution of Sulfation rate{mg S0, / day / 100cm® PhOw) n Pusan, 1589
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