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Statistical Aspects and the Estimation Scheme

of the Short Term Concentration of Air Pollution

F @ & x ® k*
Chog-Bum Lee, In-Goo Kang

ABSTRACT

The aspects of the occurence frequency of SOz concentration were studied with the observed
data in Seoul and the scheme that is capable of estimating not only highest concentration for a
variety of averaging times but also concentrations for arbitary occurrence frequency with long term
arithmatic mean and geometric standard deviation data, was evaluated.

The results of the statistical analysis show that the occurrence frequency is almost log normal.
except a few cases, and 3rd highest values of daily mean concentration were about 4.2 ~ 5.2 times
higher than annual arithmatic mean.

The evaluation with the observed hourly concentration shows that the scheme fairly well
estimate the short term concentration of arbitary occurrence frequence and it can be used for air

quality management and environmental impact assessment,

LM 2 SN2k FEFEE ool E w7 ok LPHE

WARY ANRAE £Yskr] AstdAE F  DEEel AW INE FA I Selvele) @
W) o @SEE AEY Wast Yo Ay AV EelE A FFEFE olgel WAN(LDE
Roz gzl AR FAFES AT 4+ Q= Aol BekA WKIH~2147) Y LFE Pagol
B GARDo] o] SHT. T hrlede F 7t 38 olstolofof b TR HARE TS

* TEASW RIE%% (Dept. of Environmental Science, Kangweon National University, Chun—cheon 200~701,
Korea)
** B rIEEHTZP% (Air Quality Research Department, National Institute of Environmental Research)

- 88 — J. of the Korea Air Pollution Research Association. 1989



o Jorg AFE L@ WY ES dEE 2
87 Ak Wk F7)7e] FasE AAE I
& 01§89 ®7 FE F AFESOFAEH
LA FEI A A LEEE H
71N& AHEE 4 A= Wiel 8TH
ZA717ke] AAA ojw FTFFAI7HY] e
FEO U EE A E WP TEEE et
Aokes Aol €A dony, o)z 43 &
o) &3t e | BAR Al Texas Climat-
ological Model version 2(TCM2) ¢l itH®) 2%
EE AETY & A ALFAA (e e LF
T E2RYWos ¥7)e E78I9ct.
AEEFPYPL W28 55 S =7 o
FRAFEEE Vel A olAFolx|qk WA

W E7t WP FEEYG Aol7t A”SLE A7}
aA AL},

B =ddAe AE5EAY WriegsE 4
EA7E o] 83t w7l LgEES EYHlE &
e 243 =R E FUEhRd.
2.4

2 ATANE 425
U HEF 30 AP F5R 417 SO,
EREE ol &stAth. AR A7

Ha)e e, AlE

/‘1 %8, 76047t FollA HAEAE A
95t BrEF, AEF W FEFTY WAL T
9 A7 4= 27 8,176, 7,928, 8,1000]t}.

ol AEE A7 ¥ AFTFFEY FAE
Ag o WANIEY WEPFAHE RABII S
o AFe & 5L vy At £/ ol
el KHEIH(10~3¥9) 3 EHHI(4~99) o 3}
AAE A3

=3t A 3z gt 95 90, 75, 50
percentile #t& T3 LEEFFHE A B3
T FREES vlastgct. s Pl o
st A& 2 (1988) 0 xpAB] 7|EEH O YoBR
ksl HEE0 nxEFPHe] FORTRAN
program¥ BHeow JHAE, FEE Y A9
AHEH & 71 EskA T

3. Ent 3 1&

3.1 W1 xe] WQHlE §F
< R ZkA RS A A Aot
t} Skewness®t Kurtosise= FE9] w4g2 3
3k 73 Helct.

QAR TR = HFZo] 713 ol 87ppbolw

Table 1. The statistical analysis of observed hourly SO, concentrations (ppb) .
* . obtained with natural log concentrations
* . 3rd concentration counted from highest case.
SKEW-~ KURTO-
*k
PERIOD N MAX. 3rd MEAN SD GMEAN GSD NESS#* STS#
WINTER 4299 813 424 91 88 58 2.67 -0.11 -0.54
BANPO SUMMER 3877 243 157 27 28 18 2.34 -0.18 -0.10
ANNUAL 8176 813 424 61 74 34 2.96 0.15 -0.54
WINTER 4032 500 500 92 88 64 2.38 -0.04 -0.01
SHINCHON SUMMER 3896 225 160 24 27 15 2.56 0.15 -0.27
ANNUAL 7928 500 500 59 74 32 3.16 -0.07 -0.47
WINTER 4138 1191 823 132 137 87 2.53 -0.06 -0.29
SANGMOON SUMMER 3962 389 280 40 47 24 2.87 -0.12 -0.33
ANNUAL 8100 1191 829 87 113 46 3.27 -0.21 -0.24
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Table 2. Same as Table 1, but for daily mean concentrations(ppb)

SKEW- KURTO-

PERIOD N MAX 3rd** MEAN SD GMEAN GSD NESS* SIS*
WINTER 182 330 280 90 61 73 1.96 -0.15 -~0.38
BANPO SUMMER 183 111 90 26 19 21 1.80 0.76 -0.17
ANNUAL 365 330 280 58 56 39 2.42 0.22 -0.96
WINTER 177 377 295 91 66 71 2.07 -0.28 -0.19
SHINCHON SUMMER 180 108 74 24 18 18 2.15 -0.07 -0.72
ANNUAL 357 377 295 57 59 35 2.78 -0.12 -0.67
WINTER 182 377 350 131 81 106 1.99 -0.40 -0.59
SANGMOON SUMMER 183 132 125 37 32 25 2.44 -0.07 -0.93
ANNUAL 365 377 350 84 78 52 2.92 -0.36 -0.71
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Fig. 1 The accumulated frequency of obser-
ved hourly SO, concentrations(ppb) at

Banpo.
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Fig. 2 Same as Fig. 1, but for Shinchon.
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Fig. 3 Same as Fig. 1, but for Sangmoon.
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Fig. 4 Same as Fig. 1, but for daily mean
concentrations(ppb) .
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Fig. 5 Same as Fig. 4, but for Shinchon.

LOG CONCENTRATION(PPD)

1 ! T T O O A | 1
0.0t 1 10 50 90 99 99.99

PROBABILITY

Fig. 6 Same as Fig. 4, but for Sangmoon.
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Table 3. The evaluation of the estimation scheme of ith highest concentration (ppb)
with Banpo daily mean SO, concentrations,
* 1100~(EST. -OBS.)/0OBS.
** . 3rd concentration counted from highest case.
WINTER PERIOD SUMMER PERIOD ANNUAL
PERCENTILE OBS. EST. ERR.* OBS. EST. ERR.* O0BS. EST. ERR.*
(%) (%) (%) (%)
3rd#®* 280 301 8 90 76 -16 280 326 16
95 217 218 1 61 57 -7 163 168 3
90 163 171 5 52 46 -12 134 121 -10
75 114 113 -1 31 32 3 75 71 -5
50 69 72 4 18 22 22 38 39 3
Table 4. Same as Table 3, but for Shinchon.
WINTER PERIOD SUMMER PERIOD ANNUAL
PERCENTTILE OBS. EST. ERR.* O0OBS. EST. ERR.* OBS. EST. ERR.*
(%) (%) (%) (%)
3rd#* 295 329 12 74 90 22 1295 392 33
95 206 232 13 59 62 5 171 183 7
90 172 178 4 46 47 2 128 124 -3
75 118 114 -3 31 29 -7 74 68 -8
50 72 70 -3 20 18 -10 37 34 -8
Table 5. Same as Table 3, but for Sangmoon.
WINTER PERIOQD SUMMER PERIOD ANNUAL
PERCENTILE OBS. EST. ERR.* OBS. EST. ERR.* OBS. EST. ERR.*
(%) (%) (%) (%)
3rd** 350 448 28 125 166 33 350 617 76
95 307 322 5 111 108 -3 235 277 18
90 235 251 7 87 78 =10 187 185 -1
75 167 164 -2 50 45 =10 124 97 =22
50 122 104 -15 28 25 ~11 56 47 -16

— 92 —

J. of the Korea Air Pollution Research Association. 1989



4.8 E

W72 @55 HAHUE EHE =4S 9
3t} A5 HEF, AAF, FEFS A
B3t 14719 A7t SO, FEAZE TAEA
3t AFEFPU-E Frrekct.

XHiMS BHeT = HEHS 3~4uo) 23}
o, W7t dFFFEE A LeEe A¥3 TS
59 4.2~5.2801 @Y AP/ E= M2
AR5 ovz FAVE FAA WAHIA K
oE Az 3304 2AEHAAE AR FES
APRE 2 Hs4del xotb. et 38
W71 Bl FRolv BAIFH I A
of Fele) EFELARE CGF T 37t Yoy
o] A% nFEF Yo &2 & Aoz A
A}

AEEFERFYP oxe AR 20% oldtelH

APPENDIX 1 IEEFYwWe

PROGRAM NTHCON

C ### MAIN FOR CALC. N TH HEIGHEST CONCENTRATION

DIMENSION PRC(20)

ATET o] T TAMES LB TEES
Aol 7l & A XEMS EHME Urol4 F3
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FORTRAN LIST

NTHCON. FOR

CHARACTER CHREM*70, CHSKIP*70, RSF*8, DTF*8

WRITE(*,*)' ?? RESULT FILE NAME (UPTO 8) (IF PRINT :

READ(*, '(A8)')RSF

PRN) ?7'

OPEN(6,FILE=RSF, STATUS='UNKNOWN')

CALL GETDAT (NDYEAR, NDMONT, NDDATE)

CALL GETTIM(NTHOUR, NTMINI, NTSECO, NTSECW)

WRITE(6,41)NDYEAR, NDMONT, NDDATE, NTHOUR, NTMINI, RSF
41 FORMAT(' ### N TH HIGHEST CONC. (NTHCON. FOR)'

.,' DATE=',15,13,',12,'.',12 TIME= ',12,':',12/

.,' RESULT FILE NAME == ',A8)

WRITE(*,'(A)')' ?? DATA FILE NAME (UPTO 8 CHARACTERS) ?7'

READ(*,'(A 8)') DTF

WRITE(6,'(A,A8)')' DATA FILE:

OPEN(5, FILE=DTF)

' ,DTF

READ(5, '(A70/A)') CHREM, CHSKIP

WRITE(6, '(A,A70)')' REMARK:', CHREM

READ(5,31) CON, HAV, TIMESG, SGK, NDAY, NPRC, CHSKIP
31 FORMAT(F10.3, 2F10.1,F10.4,2I10/A)

READ(5, '(20F6.1)') (PRC(IPRC),IPRC=1,NPRC)

CLOSE(5)

CALL NTHC(NDAY, CON, HAV,TIMESG,SGK, NPRC,PRC)
WRITE(6,'(A/)') ' ### ALL END ### '
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999 STOP
END

SUBROUTINE NTHC(NDAY, CON, HAV, TIMESG, SGK, NPRC, PRC)

C ==== CALCULATE N TH HIGHEST CONCENTRATION FROM
C ==== MEAN AND GEOMETRIC STANDARD DEVIATION DATA
C NDAY : NUMBER OF DAYS CON : CONCENTRATION
C TIMESG : AVERAGING TIME(HR) OF SGK SGK : GEOM. SD FOR TIMESG
C PRC : N (REAL VARIABLE) NPRC : NO OF PRC
C HAV : AVERAGING TIME(HR) FOR CALC. N TH HIGHEST CONC.
DIMENSION PRC (NPRC)
DATA AO,A1,A2,B1,B2,B3/2.515517,0.802853,0.010328,1.432788
.,0.189269,0.001308/
TTIME=NDAY*24.0
SG=SGK#**(1./(SQRT (ALOG(TTIME/TIMESG) /ALOG(TTIME/24.0))))
WRITE(6,41)
41 TFORMAT(/' == IN SUB NTHC == (N TH HIGHEST CONC)')
WRITE(6,42)HAV,SG,NDAY
42 FORMAT (' AVERAGING TIME(HR) =' ,F5.1

oy ! GEOMETRIC SD(24 HR) =',F9.5,"' TOTAL DAYS =',14)
DO 21 I=1,NPRC
FREQ=PRC(I) /(TTIME /HAV)
U=SQRT (ALOG(1. /(FREQ*FREQ)))
ZFREQ=U-ACH+A1*THA2*U*U) / (1.+B 1 *¥U+B 2 *U*U+B 3*U*U*U)
SIGK=SG**(SQRT (ALOG(TTIME /HAV) /ALOG(TTIME/24.0)))
EXPO=(ALOG(HAV/24.0) *(0.5%ALOG(SG)) ) /ALOG(TTIME/24.0)
GEOM=(CON/SG** (0. 5%ALOG(SG) ) ) *(SG**EXPO)
CMAX=GEOM*SIGK **ZFREQ
IF(I.EQ.1) WRITE(6,43)GEOM,SIGK, CON

43 FORMAT (" EXPECTED GEO MEAN =',F8.2' GSD = ',F9.4
.,' MEAN CONC =',F10.4)

21 WRITE (6,44)PRC(I),CMAX

44 FORMAT(' EXPECTED ',F8.2,' TH HIGHEST CONC =',F9.4)
RETURN
END

APPENDIX 2 (¥ x}8

FILE : 1BP2 4Y DATA FOR NTHCON AT BANPO YEARLY 24 HOURS
CON HAV TIMESG SGK NDAY NPRC
57.847 24.0 24.0 2.4170 365 8

PRC PRC PRC ' PRC PRC PRC PRC PRC PRC PRC
3.0 18.0 37.0 91.0 183.0 247.0 329.0 347.0

C === END DATA

YAz 4
CONE Aey 5%, HAVE F8ux she 2559 373 413 (hour).
SGKE A&RRZ FaoixE 7|stREAA}
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APPENDIX 3 £¥A39] o

### N TH HIGHEST CONC. (NTHCON.FOR) DATE= 1989 3.27. TIME= 8:13

RESULT FILE N == PRN
DATA FILE : LBP24Y
REMARK: FILE: IBP24Y DATA FOR NTHCON AT BANPO YEARLY 24 HOURS
== TN SUB NTHC == (N TH HIGHEST CONC)

AVERAGING TIME(HR) = 24.0 GEOMETRIC SD(24 HR)= 2.41700 TOTAL DAYS= 365
EXPECTED GEO MEAN= 39,19 GSD = 2.4170Q MEAN CONC = 54.8470

EXPECTED 3.00 TH HIGHEST CONC = 325.6972

EXPECTED 18.00 TH HIGHEST CONC 168.3784

EXPECTED 37.00 TH HIGHEST CONC = 120.6237

EXPECTED 91.00 TH HIGHEST CONC 71.1841

EXPECTED 183.00 TH HIGHEST CONC 39.0699

EXPECTED 274,00 TH HIGHEST CONC = 21.7158

EXPECTED 329.00 TH HIGHEST CONC 13.0251

EXPECTED 347.00 TH HIGHEST CONC = 9.8789

### ALL END ##it
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