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Abstract

In order to choose proper dispersion model and emission factors suitable in Korea in
evaluating the effect of pollutants emitted by the vehicles in highway on nearby area, various
road dispersion models and vehicle emission factors were reviewed.
With theoretical inter-comparisons of the exiting models for line source, CALINE 3 and
CALINE 4 models which were suggested by US EPA were selected as the road dispersion
models for further evaluation with the measurement. The emission factors suggested by Korean
Ministry of Environment was turned out to be appropriate since the classification of vehicle

kinds was simple and easy to apply in Korea.
measurements in flat, fill and bridge road types showed that CO and PM-10 were in good

The comparisons of predicted concentrations by CALINE 3 and 4 models with the
agreements with experiments and the differences between CALINE 3 and 4 models are

negligible. The model concentrations of NO, by CALINE 4 were also in good agreement with

Corresponding Author: Youn-Seo Koo, Department of Environmental Engineering, Anyang University, Anyang Kyunggi-do, 708-113, Korea
Tel: 82-31-467-0893 Fax: 82-3467-0781 E-mail: Koo@aycc.anyang.ac kr



428  BAZLIL M14H M 65

the measurement but those by CALINE 3 were over-predicted. The discrepancies in CALINE 3
model were due to rapid decay reaction of NO, near the highway, which was not included in
CALINE 3 model. For the road type with one & two side cutting grounds, the similar patterns as
the flat & fill road type for CO, PM10, & NO, were observed but the number of data for
comparison in these cases were not enough to draw the conclusion.

These results lead to the conclusion that CALINE4 model is proper in road environmental

impact assessment near the highway in flat, fill and bridge road types.

Keyword : Highway, CALINE, Air dispersion model, Modeling, Environmental Impact

Assessment

LA E

—

&= A F=o] Aol =3,

5
=7 o iEEE d7]e9Ed oA =2
4] T 2 Aol A HiEE = LAEES A
of wabx] o= 1ot Ftf 70%7H4] o]2aL 3l
o}, webs 2ol =8 F31 Aol A HAsk= o
7|2 dEHo] FHA| Ao nA= FIFS B7I6to]
AR meE fAlskL, Adske Aol =
s Zreth =2
Ot RS ety fleiA] =& TRl HA] &
ol ofgt A Bt W2 Ak Hlgo] 48
o7 Erpsslng g tf7]ehit mel
|5 B7Fe T2 aekal QeHE-EA] -
ezt 2004).
A ol A = ARESIAL Qe ' 7 ]Sk
g2 U, S. EPA(Unites States Environmental
Protection Agency)ollx] Al-8l= 2] FEf2] Shil

tlo i
2
oo gl
i1
o X

gojr}, U. S. EPA°IA] $%15k= Regulatory 22?1
E27]g4he g2 CALINE3(CAlifornia LINE
source model 3, Benson, 1979)7} 311, CALINE3 &
dof] NOp9| Wh-/d& refste] Hete mdQl
CALINEA(CAlifornia LINE source model 4, Benson,
1989)7}F QIet, Tt watE Frofla] A|A B A w4
S 1dgl 4 9l= CAL3QHC(CAlifornia Line source
model 3 Queue Highway Capacity)¥} CAL3QHCR
(California Line source model 3 Queue Highway
Capacity Revised) §°] 1t (Eckhoff and
Braverman, 1995). =U] 114 =2 S G3E 710l A
& CALINE3 Bgo] & AM-E|T glrk CALINE3
o] A9 AR 7 VAR 7 VAR S ARESE
AL Q17w Azl whebA TheFsiA] A= 71
HE S oR vHgsket] AV QAL ERAd
IS5 7 LFEHA NOY olSo] Frgeist th
] 2ItHBenson, 1992). E5E=1¢] 9 =fjo] & A4,
T 1 2 THA | HolsHA| thgolle &5}
7|%& CALINES Wds T2 = 2ebgd gofg7iol

&AL Q= ATgolTiHoRE, 2004).
2 AtollAE = Aol B == S 9
F S Aehala) gk, HA] oheRt Aol w
&

2 WjEA5E HE vuste] Y 2% U nE
o

}_

jus)

RORS

2

N

_?L
&
ok
A
3=
ifin}
ot
N
it

(o]
5
>
i1ad
59
2
of
Rl
1o
H1



2o Al 71, wEE 9 L9EE =
sto] well | &2]0F YA Blul HEFO A
20] S st gick, 2 Aol Af ke
Sh= S AE-L CO, NOy, PMI0O|H, E2 Fej=
W, AR, w7, SH AR U o "Eo|r), 77
o 2 P 294 SAsto] Bdl AAS A
Esioich

I ERgte

71 . Sk mdle] tfgt f-8-d0] STkl o
2t US EPA°l|A+= NTIS(National Technical
Information Service)ol Al o8] 7] . RS A
gkl FHSHAL S}, o] F ERIMiRdE R
CALINE3 242 H4 8 (perfered model)o| L,
HIWAY, PAL2E AEixdl(alternative mode)=
o] Qloh 2 Aol A= US EPAoIA AASE
< A el 33 9 f§ SAkwdo] tisiA 24zt

1) BLP (Buoyant Line and Point source
dispersion Model)

a2n)E s TAolu ¢7]) Akt Downwash
anrt a3 718 34 59 Line ¥ Point
Source®t WHE FAE tFF= Gaussian plume
SHAF mgo|t), A8 A9 AlE A o2t A5y
oQ1aL, A% E3 Tt A FukS et 1Y
B LHEdRE 1A LAEERA olilelR
(SOg), WA, NOx, gArsFA(CO)oltt, o] HE9]
745 F2 34E dPVFOR line sourcedl| A-EEE

2 & Aollde aEfshA] eksith

d

2) PAL2 (Point, Area, Line Source
Algorithm—2)
A 9] Gaussian Plumes 7HY3te] w77k
St @e siAslk=t o]8E = mdoltt, 7k 99

719] Point, Area, Line Source¥} 99712] 4=~8-7oj|
A AAERE 24X7HSE7)) 2] A7E S9IE RESAO]
S LHd=dY s Aklditt H8A9 Het
g Ao, o4 B4 12 LEEES o R
5t Outputl2+= AIZHE i % 24A771A] 9]
Bt S5 AT o] BEl HA| =R Rk to|

wAgst0] A|2fsteint,
HIghWAY — 2)

2
:

FHE WAl gl 2EBA FE

aussian 2@o|t},

1
<
O
oz
Bui)
lo
()

o ufggo) wist 5o mefd 4 ik B4 % A2
Ao BE el o@TUL 13 0B
S opyom gt} HIWAYRDo] 8 - ol

2 Aol A= A LRttt
4) Ausplume

Ausplume Model> TFEPAIA 198041 HE
ZAdsto ARSEDL Gl HEE Hodd Hedd,
Ao 9 BdE 3T 4 Q= ot}
Ausplume 59 HA] A 7|25 FFE 7 el A
SE|X|TE, ERAFoA Aol ot erta 55 Bt
P 4 §7] wholl A ERsmE ol R
Asict,

5) ADMS

ADMS Model:> g=ofl4 7 ez 4%
Aol A =20 FFTIA| aresto] FHAOE LA
f71dS 5 4 e RdE UYo JF E &
YA ol dFdE Lesto] s ALK 4
AL}, ERE 8figto A9 s =% A
SAFAA] WEgE 4= Sl Aol Stk B ER
ol AR S ZpA8] S 4= Sl AR
AeA Lot drtolA S74E mdo] ofu7] wiE

ifieA



430 EAIEIt 14 M 65

off & Aol A A skt

6) CALINE3/CALINE4(CAlifornia LINE source
model 3/CAlifornia LINE source model 4)

CALINE ZzEYo} ag=(California
Department of transportation, Caltrans)oll
oJ3) ftEl di7)A a2 o] Bdle Gaussian
SAbof] ZASIAL EmAke] o SRS ol 55t
7] $leto] 345 7de AEsiGin). o] e v]
At o] K ofjA] ol wEAEE QIgk tf7]d
FE w7k QI HER wiEgE, 71 24, A
T 27 59 A A5E olEslo] =R2RE of
500mol o] =&l thal] A= = LAs=S
&g o= o, Cou UAMY &8 22 vjiks
A 2 FEAL =35 4= Qlrk CALINE 23 series
+ CALINE1 22! CALINE2 232 CALINE3 %@
CALINE4 2dl= &7 /i ¢, CALINES 2d
of 7) 22 ulgko WAL O] ATk thek
GG} 75 Aestol 241 B CAL3-
QHC 28, CALSQHCR 2819] 9Jt}, CALINE3 2
W2 CALINER #9lo] wj3) & 744 912 A=st %
k2 Basht 2] BoKo] Holut melolu] ¢
2 A7E 246l 918 Gaussiansle FAI8HS
1, 1xERs dodde dsor 713
CALINE2 =gl H|s{A] CALINE3 2H& g3k
FAYFoR AHFAolE 2= o Hedd W
o] Rdlg)L A esleE A EQIT E3 CALINE2
Hdo|X= FAZAAS 1080151 BFAZE
(Average Time)¥} =& Aol 7123 WP
TurnersiAl& AM8IA O, COEE=E HHsHA| At
ol w} Pasquille] 4o skt

ot IAER THRY 57 M Fhut e
ol 2311 Atk

CALINE4 Zdl2 CALINE3 &
ofth. o] mEE A3 4 SHARTA] 4
SR MBI 3 0GB NOyo|

1128 4= Q)= Discrete Parcel MethodE 24

welo] S5

oz
o 32

to K

3lo] NOo9| 5 AAtels whrle mdo|c),

7) CAL3QHC/CAL3QHCR (CAlifornia Line
source 3 Queue Highway Capacity/
CAlifornia Line source 3 Queue Highway
Capacity Revised)

CAL3QHC ¥ CAL3QHCR 222 CALINE 33}
e FarelEs 7L B A AA|EE ke
1HY = Q= vhSoj mdo|t} ESF o] F 1L
dojl= B Y AmEA 713AES s |
w8l CAL3QHC 292 71} A=E 1A o™
w0} A Hil, CAL3QHCR ZEe] 739 14]
2H A9 19 71V ARR 1 Thsstoe] T1of whE
IARE Bt B IARZE ) 8AIZE Bt 5 59 Al

| 7Fsslth, Et o] = B 9 Azt
St WIZFstA ¥kt aE ol

BRI 2| 7ko] B E o] A83Hs Zlo] 4

Fl

fll

O

4

2. Eg}M-E:-nq A-Ix-l
N&E R Aof|A] ATk £ Fof] T2 HiEE]
EHﬂi‘S.%ZE‘S CO, PMI10, NOy2A], =& F T
7ol A 8E= 8 ol IYER 37H] F 2
HEde BF a2 4 low, T3 el o
CRO Ej7F dgskA] Yl AR, We w7t AR
e, JUEE), 9 ottt FEHE 1T

oﬂn‘, rlr

ESHdE,
9l mulel CALINES Y CALINE4 Zdlo] =2
3H A3 H7} Ao Agsiotar Al E At

M, Jx=

& mRgA wiEse edEds 9 574
Aol sl S4E SHFEE vladHsial 3%
of weh 2 e uo] F Age] nAe T
sfeRitt, olE flsl @SHE AAskL, 714 2
WEF ZY 24, A5 v 2IE 243



St2M - ZOIE - TRt - oS - M - ZaliTl / 1

431

T el PN

(a) Flat type

(b) Bridge type
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Fig. 1. The highway types for the field experiment.
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Table 1. The detailed locations and periods for the field experiment.
Road type Location Time
Fill Kyungbu highway near Kiheung IC Sept. 15 2003 21:00~Sept. 18 2003 24:00
Flat Kyungbu highway near Anseong IC Dec. 11 2003 12:00~Dec. 13 2003 11:00
Bridge Namhan river bridge of Yeongdong highway June 21 2004 18:00~June 23 2004 18:00
DZZ;iZiid‘?ydp:Se Yeongdong highway near Wonju IC Aug. 23 2004 15:00~Aug, 27 2004 16:00
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Table 2. The emission factors used in this study.

(unit: g/km-veh)

cO NOx PM10
Passenger car 22.478V-1.0085 3.1404V-0-7804
Coach 4.1776V-06257 -0.000008V2+0.0079V-0.0331 0.3228V-0342
Small bus 4.1118V-04776 0.0000667V2-0.0063007V+0.617839 0.289393V-0.3596
Bus 25‘734\/—0.4984 45‘056\/70.3805 2.282\/’0'4494
Small truck 4.0896V-0-0083 -0.00008V2+0.0186V-0.4139 0.4838V-0-5357
Medium truck 24.463V-0643 20.203V-05838 1.4444V-04824
Large truck 23.734V-04984 45.056V-0-3805 2.282V-0:4494
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Fig. 2. Comparison of measured CO concentrations with the
predicted ones by CALINES in flat terrain.
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Table 3. Statistics of model validity of CO in flat terrain.

Table 4. Statistics of model validity of NO, in flat terrain.

CALINE3 CALINE4 CALINE3 CALINE4
Bias 0.0893 0.0912 Bias 1.0075 0.1130
NMSE 0.1950 0.1915 NMSE 1.0225 0.4360
NO, NO,
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Fig. 4. Comparison of measured NO, concentrations with
the predicted ones by CALINES in flat terrain.
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Fig. 6. Comparison of measured PM10 concentrations with
the predicted ones by CALINES in flat terrain.
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Fig. 7. Comparison of measured PM10 concentrations with
the predicted ones by CALINEA4 in flat terrain.
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Table 5. Statistics of model validity of PM10 in flat terrain. Ha Jepict

CALINE3 CALINE4
Bias 0.1425 -0.0020
NMSE 3.4245 3.3895
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predicted ones by CALINES in bridge terrain.
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Table 6. Statistics of model validity of CO in bridge terrain.

Table 7. Statistics of model validity of NO, in bridge terrain.

CALINE3 CALINE4 CALINE3 CALINE4
Bias 0.0191 0.0632 Bias 0.8018 -0.1802
NMSE 0.0036 0.0038 NMSE 0.3568 0.3960
NO, NO,
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Fig. 10. Comparison of measured NO, concentrations with Fig. 11. Comparison of measured NO, concentrations with

the predicted ones by CALINES in bridge terrain.
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Fig. 12. Comparison of measured PM10 concentrations with
the predicted ones by CALINES in bridge terrain.

the predicted ones by CALINE4 in bridge terrain.
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Fig. 13. Comparison of measured PM10 concentrations with
the predicted ones by CALINE4 in bridge terrain.



Table 8. Statistics of model validity of PM10 in flat terrain.

Table 9. Statistics of model validity of CO in complex terrain.

CALINE3 CALINE4 CALINE3 CALINE4
Bias 0.0327 0.0397 Bias - 0.1866 0.2359
NMSE 0.0010 0.0015 NMSE 0.0435 0.1451
Cco CcO
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Fig. 14. Comparison of measured CO concentrations with
the predicted ones by CALINES3 in complex terrain.
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Fig. 15. Comparison of measured CO concentrations with
the predicted ones by CALINE4 in complex terrain.
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Table 10. Statistics of model validity of NO, in complex terrain.

CALINE3 CALINE4
Bias 1.2476 1.1544
NMSE 1.0523 0.3356
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Fig. 16. Comparison of measured NO, concentrations with
the predicted ones by CALINES in complex terrain.
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Fig. 18. Comparison of measured PM10 concentrations with
the predicted ones by CALINES in complex terrain.
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Fig. 17. Comparison of measured NO, concentrations with
the predicted ones by CALINE4 in complex terrain.
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Fig. 19. Comparison of measured PM10 concentrations with
the predicted ones by CALINE4 in complex terrain.
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