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Estimation of Occurrence Frequency of Short Term Air Pollution Concentration
Using Texas Climatological Model
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ABSTRACT

To estimate the probability of short term concentration of air pollution using long term arith-
metic average concentration, the procedure was developed and added to Texas Climatological Model
version 2. In the procedure, such statistical characteristics that frequency distribution of short term
concentration may be approximated by a lognormal distribution, were applied.

This procedure is capable of estimating not only highest concentration for a variety of averaging
times but also concentrations for arbitrary occurrence frequency.

Evaluation of the procedure with the results of short term concentrations calculated by Texas
Episodic Model version 8 using the meteorological data and emission data in Seoul shows that the
procedure estimates concentrations fairly well for wide range of percentiles.

1.4 B

A9 QRE Wdle] BHE 7 LHFTES
d & 9redg P oA dAHLE
27" 53 A 49EFe @2 ¥
w2 o 3t AR AL T AT A
QY 7H2 A ol oA A T
2o &g 4 st Qon, olF At izl
AX FFEFEE AEE & I WY F4E
W o] £3] o §drt.

g, W7l egEA A e #3PI
< 39 AR (1d)8 FEFE ool &

A2l HepAl 1 A7~ 2 A1) 2EE
wgo] W7k 33 o3 oloje} B FE 4T
£ F450] ek zemE §AFYY S 4
¢ A desl Pl 29 FEFE B
238 whEehEs} SR olsldl @r1ne FEF
TEEEoaRE 3d4 FRgel ¥AAFANE @
2 ahest ohe AE AT L slofof sl o
7129 FATAE e FTFE el ©
Az Frel PANEE ST ¢ b P
3% 927} ek

Aejrtxl dh7leq #4EAF K- theory o
g +A A B4 AL olEHoEE st

RN

f

* LREAER BEIEBH (Dept. of Environmental Science, Kangweon National University, Chun-

cheon 200-701, Korea)

— 67 —



Ag sel Qo]
@ A 4]
oz A3
o2 yolv] B
°l

gotE wy

A]O‘___]‘o] pre

hiny
ruE

T E
| Aot wepq AEA
= w2 A
Zl-% Gaussian J8]9 34 &
fr&-abeta A

%"3'?"1]*1._ Gaussian #H3H4-& o] 83l
717ke) W EE S A 4ok Bl 24 UNAMAP
(User’s Network for Applied Modeling of
Air pollution)® version 5o %34 Texas
Climatological Model version 2 (TCM2 )%
A AQsta ol & BAst] wr]7te] FRE nEnE
o2 e ddHA FE(OlS nHls nEER
EANE, ng 49 ) & AFSeE A
o st7]FHel Texas Episodic Model ve-
rsion 8 (TEMS)Oﬂ A% e FRA AR
A o] wyl & Hobsigic)

LM 2 2 ox
2

2. BV IIRAE S Yo|HM DsTit At
sS4y

A7 7kl A A G Qi edrey FETF
e bz = ol g 28 1 3 2L lognor-

/ 50 PERCENTILE

0N
7 AN HIGHEST

/ 16 PERCENTILE

/ / \\ HIGHEST

3 PERCE-
- ~NTILE

Frequency or occurrence

Log(Mg/Sg) Log(Mg) Log{MgSg) Log(MgSg?)
LOG OF CONCENTRATION

Fig.l Lognormal distribution.

1) &4 3=
ol 717k A7t N(°ﬂ 1d=28760 A7)
okl AAIZE 244 T (ol = 1412k, 3412, 24

A]Zl' %)tg o_.x—oﬂ E}]o}-oj n‘H H .I’.%"E. CH-O/]
HAHE PE
p=-—" (1)

N/T

— 8 —

ol o},

&H drledsre $4nl £st  lognormal
TEE Hebd A2 dirlegdsxz Cn B
2 S5 U BE P

D
P= gfzexp[—gjdx (2
ojt}, o 7] ol Al
_1n(Cn) ~1nMg)
L= "G ®)
Cn = M,S? @)

2) FlStEEA 3 3 AT

om WAz 24 T o @ At EFHA g’
T 9z e A9 A7 7 ;
}uFRA SgE

= (Sg’ )k 5)
ofm of7lefl4 ki
In(N/T) .4

k= [] N/T )] (6)
o] o},
EE Sgo AEHTETE Ma s 92 92 7]
StHE Mge
Mg = Masg ?17(58) (M)
o] o,
3) A4 =24
A4 B4 sokd whest et
1. olm gA 7} PFEAE T sEe &
AR 2HH 7S aF AL F3lz 54 614
ol sted 9 she ghAl 7ol W F3HAIZE Tol W 7]
SHEE A E Tk
2. 938t receptoro] A Frlzk Az
AFEE T TCM2el 28t et
3. AEHTEEY 7N BLHARZLE (T

_ of the Korea Air Pollution Res, Assoc., 1988



o olstel ST S FEh,
4. ngd TFE G RE P () Yol

Tk,

& TCM2Z ¢ TEM8Z dfdog k= 8717
- 719 )71 2 A k2 ARk Gaussian #4HY
FEZTE L, FHa% A agd Sl g fAkel
o ol ok TCM2 R TEMS8 2 Aol ezt <]
HAZ T ATTEA] T A8E I8 2
W2 BEE A HAE 9 ele] deslet
A o

AE3 717 1985 129, 1986 1Y)
299 9047 (N=216047F) 1 w79 o
A T & 322 shlo

D 98 A5

W Ea g S 197 e Hde &
SO, &2 of A EPe 2sixl 145800 ton
olv} FA 37Uzl olF 50HNES}) u)EH ot
3 7FASk 9375 g/sec 7t ok o) wiZ e s}
2,42, 47 28/m3l Fuo] AAzEd el 2 jm
A=5 2257}194 UL WA 2 Ao 9
ol & 55t 42 g/sec¥ o2 ske] TCM2
o] E"%}:Z]‘-\L.‘—E 3] bl i}

TEM8 & 79 3A7HE 2 555 A4bstr] 9
sl 3AI7PE Wi E o] Fesheh Aol gle]
A ESe Ak 91e Aol ZAkY =pi ot
glorna H oFo =l Fako] o3 E ‘4‘?—
slete] F71o| W) Skl ofzke] 27} HE
2 APl A 4 Aol A W) Ee ﬂm
= 56 g/sec M 2 & 3t of7fol = 28 g/sec A
o2 k] TEMS8e g#stadct =3 TCM2 9}

b AR AR Al B4 B B2 UF 1988

TEMS8 2 22571 AU 3l %%ELE 30 m,
AA 1m, NE45E 2m/ sec, &=L 20T
2 sl

Pasquill SFAxAF3 Joint frequency
function : Pasquill QA XAFE 4-&4)2 3
A zie 5 g5 28E A,B,C,DLE,F 9
64w o2 T DAEE 57 (DD) #
o}t (DN) o8 o] & TA w2 A&
TEMS o 0“’3'6‘}214 SHTCM2 e A%+ EAY
E} Fﬁ]'g"o ‘°F¢1 & 674]10 2= "]’TM"}'

TCM2¢] 2R3t Joint frequency function
(JFF) <« Pasqu111 S EASH $F 2 S
[e) r;_H 51 ,Kl—k‘ ~‘-~}_<:ﬂ ];}.

EgE3E : TEM8-Z AH A 77 9fsked 34
7hE Egd e g ashvd 43014 BE52 4
Foll A 60km ol AIE 2 kel Al 1%1 2 3
C 9219} 21 A )& A3 wholo, mepa] & =i
Ae oA 949 AR R oh3ah ol AEel 3

H L FuEE Fedd A 24k 94
N FHAEE ARGk g 64 720l 5T
2 g 723 1549 7110_%’-_ Holzworth

rLE zol

Fahe, zElm 948t 1244 = 5
2% 29 Aol Wadol Sslel P £ Fan

1200 4

HEIGHT (m)
[
o
o

g
o
(=

[ I ST S G D T S SV S S S

0 6 12 18 0 6 12 18 0
LOCAL STANDARD TIME

Fig.2 Mixing height ( 3hourly) determi-
nation from maximum(®) and mi-
nimum(©o) mixing heights,

o} A=z sl guistE ¥ dutA o8 skt
Loyl dstrurn 302 (849 EFEns
£ 949 s¢EF sy 22 fpoE grh, oF¥
oF7ke] 214l 24419t thed 34AlE o 6419k 2

— 59 —



RENTA 25‘}“‘9}. o 6419 E3EaEs 200m
olatal 74 Bl EACN A oAl B
3led 200 mi Zheha gk 6419 éﬁ;}%li
b 15419 £3F xR} w29 1649 &

#4325 Sk

2 )AA AH

B2 AL 225 AAAHEF ST 1XAHY
receptor o A8 A AlFERk-E # 3t b5 72
o] 43t

TEMS8ol| 2]35}e] 3/‘]7.1'*55 T 0U7Z AR
72009 SO, EE9 AEHFA = 253.6ug/m,
X = 1577.4 pg/mold 7 R = 201.7
pg/mt, 7152 A= 1,923 pg/molArt 3
A 7hd AlAbEE gl Add 5 Hokel 16749
F7ro g Ve Tk w4 e s #3 Ad
= a2y 39 Re Kur-
tosis = 2.99 024 wu log-

normal %5 “ehd 3 9o},

Skewness + 0,36,
= A=

1S 114

128 .
182p 4 Skewness = B. 36

Kurtosls = 2.99

FREQUENCY
8 8

-
=)

= &

i z P22 X
3.5 4.85 455 5.85 5.6 6.5 6.55 17 05 1.55
388  4.38  4.88 5.3 - 58 6.3 6.60 1.3

1In (O)

Fig.3 Frequency distribution of natural
log of 3 hourly concentrations
(ug/m®*) calculated by TEM8.

e

AAE TCM2o| & 3te] nuis] EExE A&
k7] 9sted A = A7 (90 97 ) Beke A zE
o HFNT T’ (3A7E)Q B9 7 3t83
A7} Qosh o] S TEMBo ol s} 74]4@

e

F

3AZHE T ANERY & 1.923 pg/mt
gasigieh, A= TCM24 93t 9034_7‘};4

S0, 9 HAFFE & 288.3ug/mole TEMSS 3
FEE 253.6pg/mel FolA 2R B AT Al
AE TCM22A F 1o Hol w9l ZHL n
e "l nulA nEE & Fot3o TEMS
o 93t A4rE 72009 3470 FE9 n¥A
FEFE v 2Tk ( 2% 4 )

— 70 -

2000
100 ®
1000 b 99 e
e %5,
(]
~ 500 - S0
> *
m -
el - 720 %e0
~
g .
2 | 504 © 60
= .
=t 30, *40
=
<L
el ®
S 100 1w, %
[} L J
2 *s
= 1
so - ®
| ! | 1 11 |
50 100 500 1000 2000

3
CONCENTRATION (ug/m™) BY TCM2 .

Fig.4 Comparison between concentrations
calculated by TCM2 and TCMS8.
Numerics indicate percentiles.

Table 13} Fig.4olA B & ubep o] AA =
TCM2¢ &t A nHA ¥ g TE

Table 1. Comparison between n th highest
short term concentrations calc-—

ulated by TCM2 and TEMS.

) Concentration(ug/nt)

n Percentile -
TCM2 TEMSB
1 100 1607.2 1577.4
7 99 946.8 1052.2
36 95 601.4 711.6
72 90 473.8 459.9
144 80 355.0 338.9
216 70 288.3 270.0
288 60 241.3 227.3
360 50 204.5 194.3
432 40 173.3 162.8
504 30 145.4 140.7
576 20 118.7 117.0
648 10 90. 6 89.8
684 5 73.7 74.5
713 1 53.6 50.5

J. of the Korea Air Pollution Res, Assoc., 1988



M8of 2lsle] Fghgta WA 2 AR stnz Al
TCM2o] o sle] Az7ke] HA 5% & ofve} 9
ole] chalzkel HA Azt Tl oA aE
38 FHE bsetvka & 4 Uk g ol
A= TEMBel oste] A 4bdl ehAlzk Fx ek v
2otgdov FoR AE TuAse o e
& dert vk Aok
A= TCM2e] &8t n¥a 2 3wy
A ZEE FEA 7R ] 9] eme il
Ho& lognormal ¥%E& slvp= 714 &
22 471 27 9dted A= AA o
o] whAul e %7} lognormal o 7}
o} =% Y H PE_.'?-_H o akx]ed o] o A4
=9 ZlstEEHAsE A
Sabzo] 5l
Tof o 5 ]fﬂs} 71 4
Ao ,

Of

Ry
AR

1

LAt
R ro‘, o2
fr g off
o
)

(-
lo
ﬁlﬁ
R
OPF

oo & K
o

rlro,tﬁk}:omjg_\i_‘_m_l‘lo
o

2A el A St AF e 7EL°I XM off
29 EFAN S ko] M H $oll = o] &7 £ Ut
e vhete] #A7Fel 28k S0.9 dgdE
X7 0,05ppm( °F 130 pg/m olvd 2437}
A5 d HdEed 390 s dsk= 0.15
ppm (% 3W0pug/m )& 3 33 ol 4 Z#AskA ¢k
ofof et FAH ol 9k

HAE TCM2 o) &3 52 90Uzt BT SO
TET 253.6 pg/miol v HEAIZHE 24 A0
2 3 499 3dlA mEsghs 4kEstd 591.8
pg/mMO2A o] e FA 3MY F9 3wA »

T oA gt SO, & HEE ALHe mEEs)
th AE zystd 1359 3dA 1FEx

7 s i te o]'°E]: Aeoltt, gH Wt SO,
FTEE A WU HFTE 253.6ug/m o

Hske] AA 3] g HAolBRE AgA AL v F
A F 557} A7 F5 130 pg /g w53k

Azt Hgsh Al7ke]l 244171l 3dA Em
591, 8 pug /M @74715Fx 390pg/ME 4
235, &3 1394 5% 389 wg/

& rr

SEEAORPR R AR B4R B2 9% 1988

O FA 3F- vt e %}*EEJW AAH = F
Ae] A% S0. 0 24 A7 B#-EE7H0.15ppmE
278l - 13Y0] x5} w}F/M odse ¥
71 AR of 5 sk A% kA At

SPel 33 A mEde WA 2
sheld ¥ A mal ok 8 27} e,

ol 9 e A vl % 4 £4] #vh ohe}
vhebel B e sl e o YA
Aol & g el QAT FE ©
o WS nEgkel B 1A Zate
A ojol spf o] Hfo] Kol A
TCM2 ®rle] #8394 91022} ¢ 2 e,

o
9
e
2 odr S ol o
oSt

Ao oew

iz
—h?fr‘i?
MO
2l o
rlrlM\l
AR
ot of
IO
ox My nd
(2ot o o
e
& e =
“6‘ oo
- i
+ =
o
ok
L L
2o

i<
2
o
o,
N
N
|
ol
i
B

1) Larsen, R. I., (1974), An air qua-
lity data analysis system for interrelating
effect, standard,and needed source redu-
ction, Part 2, J. Air Poll,
24, 511-558.

control Assoc.,

2) ol 9 99l (1987) , 7] & 2w
Aol gk AF (1) , FHIAAFY, NIER
NO, 87-03-199, 54~176.

3) Holzworth, G. C., (1964), Estimates
of mean max imum mixing depths in the c—
ontiguous Uni ted State, Monthly Weather
Review, 92, 235~242,



