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Statistical analysis between air pollutants and
meteorological factors in Pusan

— Focusing at Kwangan-li area —

Air Preservation Division

J. Kwak, E. C. Yoo, J. G. Cho, S. U. Park, P. S. Shin

Abstract

Simple correlation analysis, factor analysis, and multi-regression analysis have



been performed to analyze the relationship between air pollution and metecrological
factors for air pollution and meteorological data measured &t Kwangan-li in Pusan
for two years(January 1995 ~ December 1596).

As a result of simple correlation and factor analysis 50, NCO., CO concentrations
have shown high positive correlation with air presssure and they were indicated
that their concentrations were related with pollutant emission trend based upon
heating and automobil fuel usage. 0, concentration have shown high positive cor-
relation with wind speed, temperatuer and solar radiation and high negative cor-
relation with relative humidity, these are a closely relation with photochemical
reaction mechanism.,

The result of multi-regression analysis, adjusted R square{R.") of 30. NO,
0y, PM, CO were 0.876~0.979, 0.935~0.990, 0.966~0.995, 0.914~0,981 and 0.845
~0.944 respectively. So, they were a good multi-regression models,
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ALY & drdite) gAe Toany sk o sy
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Y=3+X+¢ (5)

o 7| 4, Y& F& W5 (independent Variable) == 4 ¥ 4 (explanatory Variable)
oln, g & HFE4 2 satolaln LR,
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74 o, Pu, o oy Bi= PlA S 3ol B Aoy g 2510l 2 2o
et 72 &~N(O, 0"), i = 1, 2, -, n, Covle, 83=0, i + j °lc}.

8, 98 FHAY] o= =R Fol ARF F d9sla devE ¢
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Table 1. Data of Air pollulion and Meleorolegical factors

Period Pallution factors Meteorological factors
SO, Temperature
1995, 1. 1~ 1996.12.31 NO, Hﬂl;r’fﬁ :;;ﬂ;iwr
& yoars 4 %? Wind direction
s e Air pressure
E PMu Radiation

2. 53743 9 T4

Fig. 201 veld S AL $AR[A 597 U5 o4 2J4¥A/TY S
deg g < 10M =8 Eold fAsiE G 150M el 198549 7|E
o= H5 of 520009 d)9] 2P| FHHD 2E £IL7) Ml AHLE 4EA
Y4e ANz s,

Fig. 1 Measurement sile
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o Bk a3 i, A%dE FHAISM)7H AHE F3 Y Fee HE
o 39 7lfolEel $EF Rel

P, SAPEE 29517 A9 SHLE o 5EFRS FER ABRYAHTE
3£ ABdA o 1m wmololM FlA43ELE 9 o 1082, PM, S ¥9 2002
24413 A& ENEHAD, AFSAPEE NI HHPAM of sm FolN HolH P
&5 o] Rampack F3 % R5232¢1 AP = o] Fug Add A8 PCe si=
= 287 AHFHLE M (back up)HA B2 2UE diME AR
| 7HsEA ok 71718 P4 FAE S 729 AFSH A o
% calibration® 159l 18 dAst9ck 38 98 A€ d7leg 339
9 74 s} ofl s ).

2234 : Thermo Environmental Instrunments, Inc. (US.A)
* Pulsed Fluorscent Ambient SO: Analyzer Model 434
» GFC Ambient CO Analyzer Model 48
+ U.V Photometric Ambient Os Analyzer Model 49
* Chemiluminescence NO-NO-NO; Analyzer Model 42
Wedding & Associates, Inc.{U.5.A)
+ Beta Gauge Automated Particle Sampler(PM,,)
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39 d7lodEd 9 73R FARHAZRae SYSTAT(The
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Fig 3o Webd 7149 ATdE 4HAGE BY, 229 34 2 647 3
Asg Jepdrt A4 Fvtake 167 A E dehiR, 2 A Base
ei7ee BT, Adsst 23 1474 S2AE dehins} 33 Baae
15470 AANE B eesE vd 298 Yehle |

Eg F4¢) gloldE 23 744 AAAS Helthat AW Bk 1447 2
A8 vepen oA pasici AR YE oA Solse d%E 242 )
We) A4 A 5A%E S7hao] ARste 1047 A% Een B8 Bastl
1647 H4AE 2eichr) fha BT ABE Rtk YA 24 13497
223§ e, $8 Aol 1 U E90) WHE BE SEAYY BAHF
Aol FEVS oSt} BY Bose AL YT, RAE AFE A4 ¢
AEAQS vige] FF¢ ehds

P8 Table 2 @ Fig 4ol eid AE FEEL HE ¥, 718, Aol 24
E Agel vigo] StUsision], dElclE YAE Ads) vigel 1T B ¥
=8 Jehigc meld «3de HEe] dU%E Be| UE AMEE YeE

Table 5. Wind speed and wind direction at measuremeni site

wind direction . calm
: wind speed(m/s)
%
s Frequency, %) {Frequency, %)
85 year 6 year 95 year | 96 year | 95 year | 96 year
. W NW

Spring (159) (17.9) 18 L6 17 18
S5W SSW "
Summer (188 (14.1) 15 L5 14 15
Fall EE} E’:ﬂ; 17 20 2.0 19
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Fig. 3 Diurnal varation af Meleorological factors.
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dredey e 2144AAE Alols] 4HEHE Table 3 — 691 vhelch Al
& Jadsad dHEE $3¥ee 508 NO, CO, di7|e Alelod Q6o|daz
F(+)Hos =2 AVHE 29D 0,8 (- )Foz Fo 4B4E b
E 0,% NO, COSE &3 4uuAZ 050142 FHYLE ¥ega 7l g £2&
YA gte] FHo 2 LdgssE §39 & AJHE Y

o&dde 50.8 NO, CO B 7Igid & BELE e, O F454
+E D A4 p8el4ds & AW4L en FEobe 08968 2 B3
48 ZHch 7HE3a) ALx R vy s EoP3n Rl

HEHdH 25 508 NO, CO, 715H4beldl= 2 g] #AE YeEpda 38 A
T g 7l2de 3 48877 5o} 7l&A&2 93 did s Alggy
7l O FHes dzbdn,

= HAZY oA 7k 1o gEE el =2 F4E Bele e avig
e 3oz 77t A =ET vpge] <ksld| Ho d@folM wWEH
SEeHe HU4SHA o AAsT ez 44dch = AAAA 2UelA
S0:%F NO, COSt fAtSaE o] £ e ApaAas 29 vhd 0.5 dalge &
< HERAFEF BT ol A{E O, vy HESAdds WAt g w2
Azt 0,8 =7 A E JeRE fE 23 Ade] gl= Aol § F gk

d7legdy =7t BEdodA s oiFF95% 714l 9 ook sfs)A
F5HgeE AdE g o goddrYdess odE 29 Aujddaly
FEe] HiEe e @48 989 el ¢ 2g 3oe H2Ey, gy 9]
AR £ T E4d o Fo WA FEY "art can Yo,
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Table 3. Comelation coefiiclent betwesn air polivtion and melsomlogy pamameles In spring

S0. NO, 0. PM, CO W5 TEMP HUM WS RAD
SO. 1000
NO, 0654 1000
0: 40565 -0570 1000
PM, 0250 0199 0432 1.000
CO 0897 0726 0511 0199 1.000
WS 0287 0415 0911 0640 -0276 1.000
TEMP -0.055 0.035 0761 0838 -0.011 0EG61 1000
HUM 0107 0115 -0.710 -0.887 0053 -0676 -0918 1000
AP 0625 0401 02659 0659 0512 0067 0222 0395 1.000
RAD 0.188 -0.096 0607 0893 0080 08506 0855 -0979 0530 1.000

Table 4. Comelation coefficien! bebwesn air pollution and meteorclogy peramelers in summer

5. NO. O PM, CO WS TEMP HUM WS RAD
S0, 1000 .
NO, 0541 1.000
0, 066 0161 1.000
PM., 0676 0451 0469 1000
CO 0749 0696 -0.448 0392 1000
WS 0021 0.3 0962 0519 0414 1.000
TEMP 0388 0173 0875 0775 -0017 0879 1.000
HUM -0334 0141 -089 -0.760 -D.055 -0.895 -0.997 1.000
AP 0614 0306 -0244 0570 0674 -D270 0077 -0.066 1.000
RAD 0395 -0056 0834 0781 -0065 0791 0937 -0.036 0221 1000




Teble & Cormelaton cosflicient betwsen air pofiufion and melsorclogy parametes in fall

S0y NO; D; PM, CO WS TEMP HUM W5 RAD
S0, 1000
NO: 0929 L000
0, <0612 0566 1.000
PM.. 0089 0027 0599 1.000
CO 073 0584 -0656 -0.150 1.000
WS 0680 0650 0947 0460 -0651 1.000
TEMP 0004 -0.010 0773 0893 -0.192 0654 1000
HUM 0008 0035 0775 -0.8911 0212 -0.659 -0996 1000
AP 0663 0443 -0459 0324 0668 0523 0020 0049 1.000
RAD -0.013 -0.174 0629 0.893 -0.031 0565 0865 -0.B887 0324 1000

Tabds E.. Comelation cosfficiont between air polluicn and meteorology parameisrs nowintsr

80, NO. O, PM, CO WS TEMP HUM WS RAD
50; 1000
NQ; 0853 1000

0y AT -ILT1T 1.0

PM., 0114 0071 0530 1.000

CO 0828 0670 -0461 0187 1000

WS 0250 -0367 -0.113 -0521 0202 1.000
TEMP -0525 -0054 0690 0.761 -0.196 -0.630 1.000

HUM 0480 0110 -0.739 0853 0152 0625 0881 1.000

AP 0758 0521 0713 0207 0685 0363 0678 0634 1.000

RAD -0.124 -0.153 0660 0931 0141 0305 0699 0816 -0.310 1.000
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QapE Mg olwzle Wt g g dye2RE $3e W EE RE W
+8g Fehde] R A aH{factor) 2 S 4 W A el

Table 7~97} A & di7| 95 =4 71 42UaE U_AER sief Y=Y & P83
3 F% (Eigen Value) s 3% =(Communality)® 7% 322 Table 7414 Bl
g} o] ILHA(Eigen Value) 10 o]49 2171 &, o8, 7lE3de 24, A3
o 377 &8¢ AAEE 19 2 E A M 2H3 7} L00]447 2atz)
zte ¥ A 7| f{cumlative percent)e] o]4olM 2lal8 FAPcH Willlam and
Mattthew, 1984)c =3} ¥,

a7t e B4 Fof J&en sHa] Folf glatE 2 FEE7 S8 D42
L0944 AdEe 7 qlzpd AsaEgE 428 F4F Table 84 Yehigle
o #H AFEAA 12 1o] FELE] s0%oldE dWST 23] 2 HE Ao AF
E4te] 276%F EHES FHR 22, BP] B5wF dEse] A =2 4
wEy& hach

Table 82 9o vjelg 912} 18 dHug AAAE 3o O, PMT T4, 2K,
A4 9 =7 § 258 948 e 2eE ebudd 08 2K, &F, A
gl4de] ¢ 2F & B4 2l AL 07 A2l B Ssjq 4
4= 23 2§07 dFd 227 23 Q43| & d w7 =olAE

SE 4ZHY 5 YAFE FL2AFE ages 4740,

= gl 2ol M= 132 FE R 50, NO, CO% 7lgte] & a§& o532 sled
ol widayt AFa §F lENT HHo] AE Aoz Pisy gl AF
G visl o] 7Igto] olE L GEAS 1Y F7] Pattern™ V=8 LG9 EH A
B &ito] Foiso] gle Foe g Ay

Varimax¥ el 2)8le] Q= 3A 70 Hu FYeAE 71%0e] A7 2& 985
714 2 d4R ey, shEdde 458 gart 12 2933l F7e AR
2 4oEg g o uge] T4 F g M2 29E8YY ¥
E7} pold Zlog HHED HEH fUoiM LA 32 Fad A8 d¢ez
ekt



Table 7. Eigen value in each season

Eigen Value
Factor
Spring summer fall winler
1 5.152 5.285 5.352 5,340
2 3546 3321 3374 2.757
3 nﬂi 0.827 0.761 1275
iC 4 0,453 0.328 0.371 0312
it 0.108 0,145 0.062 211
] 0.060 0.057 0.038 0.054
T 0.030 0.015 0025 0.028
a8 0007 0012 004 0013
[ 0.003 0.008 0002 0.009
10 0.001 0.001 0.001 0001
Table 8. Commuality percentage In each season
. | cummulative percent variation explained
apring sUmmMmer fall winter
1 515 52.9 53.5 534
2 87.0 BG.1 87.3 Bl.
3 934 64.3 94.9 937
4 979 97.6 98.6 96.8
5 99.0 99.1 994 99.0
6 09.6 99.6 99.8 B85
7 05.9 99.8 099.9 99.8
) 100.0 99.9 1000 99.9
9 100.0 100,60 10000 jLEK)
10 100.0 10400 1000 100.0




Tahle 12. Facior matrix in each season

Variable i i
Factor 1 Factor 2 Factor 1 Factor 2
80, 0,071 0,930 0414 -0.804
NO, 0201 -0.804 -0.180 0,695
0, 0801 0561 0.859 -0.491
FMy 0.852 0412 0.833 0.460
co -0.100 0.807 -0.001 0,952
WIND SPEED 0931 Q271 0.868 0434
TEMPERATURE 0942 0,060 0,990 0045
HUMIDITY -0.580 0.145 -0.988 0.085
AIR PRESSURE 0.320 0.771 0.161 0,790
RACIATION (.46 0231 0.956 -0.050
Vazksbie fall winter
Factor 1 | Factor 2 | Factor 1 | Factor 2 | Factor 3 |
50 0546 | 0793 0723 | 0585 0.180
NO; 0.533 0.655 0.428 0,759 0.459
0y .0.979 0122 -0.884 -0.234 0.367
PMyq -0.714 0,638 0,699 0644 0.210
co 0614 0,606 0470 0.773 (319
WIND SPEED -0.933 0243 0529 0411 0.701
TEMPERATURE -0.828 0518 -0.912 0.305 0167
HUMIDITY 0.239 0520 0.931 0.347 0.021
AIR PRESSURE 0325 0.772 0.804 0.388 0.201
RADIATION 0748 0577 0.721 0.494 0.438




Table 9. Factor malrix in each season

Vagiahis SPCIng SUMMmMer

Factar 1 Factor 2 Factor 1 Factor 2

50, -0.032 0916 0.182 0379

NO. -0.108 0533 0.027 0.125

Chy (.80 0435 0.958 -0.155

PM.. 0.618 0.112 0674 0496

Co -0.025 0914 -0.206 0.469
WIND SPEED 0.520 0215 | 0946 ~207
TEMPERATURE 0.976 -0.050 0973 0.052
HUMIDITY -0.967 -0.091 -0.984 0060
AR PRESSURE 0.207 0338 -L036 0,956
RACIATION 0.905 0.121 0.925 0.230

fall winter
WVariable
Factor 1 | Factor 2 | Factor 1 | Factor 2 | Factor 3

e 0025 | 0893 0045 | 0.886 0.143
NO, 0030 | osse | o12r | 083 | 0478
O: 0735 0501 0659 -0.629 0152
P 0935 | o044 | 0858 | 0075 | -0.254

o -0.144 0.488 0,164 0.945 0201
WIND SPEED G145 -[.585 (302 L0650 0.945
TEMPERATURE 0.989 0.031 0712 -0.208 -0.429
HUMIDITY -0.993 0,007 0827 0.204 0.344
AIR PRESSURE 0.126 0.346 0.252 0.636 0134
RADIATION 0.923 0177 -0.086 -0.005 0.001
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Table 11. The constants of multiple regression for air pollution and meteorological factars

season | pollutants regression equations | ¢
go, | 0626NO;—0.199PM,,—D.011C0—2693TEMP ~0.826RH ! o
; +0,019RAD + 93.682 '
NO, | 060650:-04980,+0120PM,+4A1TEMP+0578RH | o0
: —{.034RAD — 68.037
WONE | —0.969N0;+ 4,535 TEMP — 1.318AP + 1329.181 0.992
PMs —1.29350,+ 0.597NO,— 16.14TWS — 1LBOSRH + 5457AP 0.972
—5204.784
Co 19.40350,+ 16812 TEMP— 0.404RAD — 4,957 0845
S0, —0.4510,+6.812TEMP + 2614RH + 0.014RAD — 380.286 | 0.895
NO, 0.301PMy4+ 0.031C0 +4.384WS + L.7TATEMP+ lagss
1.625RH — 0.047TRAD — 252.742
EUMMEL O —0.81550,— 0.285PM,, + 7.286WS + 2 438TEMP 0078
+0.036RAD —20.172
PMy | 1.643N0;—3.604TEMP+0.115RAD +95.112 0.914
co 0.895N 0, — 162.722WS — 20.154RH + 2398.555 0.916
50, 0A97NO,+0.015C0— 2837TEMP—0.941RH +105.025 | 0979
. | 1.1490;— 0.260PM,,— 0.018C0 + 5,632 TEMP Kot
+2.280AF — 0.061RAD — 2332.584
0, —0.742N0; —0.187PM,s— 0.014CO + 3. 706WS 0,995
fall +4.362TEMP + 1L937AP — 0.050RAD — 1975.951
PM = 1L401INO, — 1.7660s — 0.048C0O + 10.016TEMP + | 0.966
| 7.047AP—0076RAD —7130.175 I
o 26.40350,— 20.019N0,— 12,5390, — 8.814PM,, 0B
+203.112TEMP + 46.671RH + 6 L421AP — 57221.240 '
S0, | 0.655N0.—0.226PM,,— 1.4 TEMP—-0.062RAD+ 11530 |0.876
NO. | 0.27150,—0.880,+24BTEMP+ 1.513AP— 1459.113 0.959
. 0, —0.854N0; +3481WS + 2. 293TEMP + 1.487AP — 1475.239 | 0.966
winter | pu. | —B6.567TWS—8580TEMP—3,658RH +5.020AP — 4856.147 | 0.981
e 1510450, + 7.07NO, + 225 503WS 4 34 367TEMP _—
+ 44 416AP — 45382.776 '

— 23] =
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Appendix. 1 Varigtion pattern of ocbserved SO, concantralion and estimated cnes in
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Appendix, 2 Varation pattern of cbserved NO. conceniration and estimaled ones in

SEIS0N.
a) spring b) summer
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Appendix. 3 Variation pattern of observed O concentration and estimated ones in

SB8A50M.
a) spring hl} summer
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Appendix. 4 Variation patiern of observed PM,, concentration and estimated ones in

spason,
a) spring b) summer
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Appendix. 5 Variation pattemn of observed CO concentration and estimated ones in

SEEEL,

a) spring

b} summer
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