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Summary

This study is performed to estimate the dry deposition velocities and
fluxes of SO, and O3 over the western area in Jeju Island with the clean
outdoor air in Korea. For this propose, the multi-layer resistance model is
used together with the meterological data and the ambient air quality
monitoring data observed from December 1999 to November 2000 at the
same site. From this study, some conclusions can be obtained.

In the western area in Jeju Island, the annual averaged dry deposition
velocities of SO, shows 0.246+0.091 cm/s. The dry deposition velocity(Vyq) of
SO, shows the highest value of 0.408 cm/s in summer and the lowest value
of 0.0999 cm/s in winter. The summer Vg4 is over 4.0 times of its winter
value. The nighttime Vg4 is higher than that for daytime over the entire times
except for winter. It can be concluded from these results that the Vg4 of SO2
may be influenced by ground coverage and the surface wetness. Especially,
the nighttime surface wetness highly enhances the uptake of SO, that is,
the Vg4 of SOa.

In the case of Os, the V4 shows 0.097+0.027 cm/s in the annual average.
The highest value of Oz dry deposition velocity is 0.111 cm/s in summer and
its lowest value of 0.08 cm/s appears in winter. It can be shown that there
is not remarkable seasonal fluctuation in the V4 of Os. The diurnal variation
of Vq of O3 shows that the V4 has low and constant values during the
nighttime. On the other hand, during the daytime, the Vg initially increases
with the time then begins to decreases. The maximum value occurs at the
time between 13:00 and 14:00. In contrast to SO, the pronounced contrast
between the wet and dry surfaces does not appear in the Vg4 of Os.

The annual averaged dry deposition flux of SO: shows the value of 0.0086
pg/m'-s , which is very low compared to those for other regions in Korea.
The SO: flux is the highest in summer and the lowest in winter. The
difference of values between seasons is comparatively large. In the case of
O3, although the O3 concentration in the ambient air over the entire area of

Jeju Island is relatively higher than those for other region in korea, the flux

_VI_



of Os shows the value of 0.098 pg/m'-s in annual average, which is

comparatively lower than other regions.

- VIl -



7] ol EA%E LPEHo] NEHoer HAHH 9 wid EA(E
ANgE FAAZL B ooiyet E B FEd JFS wAA Ha AEA AHH
A EE 71E F AdvkeE ARES & dEA Utk olde e dE L] AA 7]
Ztogx= AA H5AF A (wet deposition) ¥ 742 A (dry deposition) &2 &3t
I A FAA - (wet deposition) 2 S5, &, 183l FFo WyHow FE
v, & 5% A 2 7ty odE5de AsAgo] o rHoes A=
Ao, AAAZA(dry deposition)e =2 3 7 (sedimentation), EHAH(diffusion), =

= (impaction) “18]31 XTh(interception) 5 W o= A E 7t 225
o] FWel FH(uptake)FozA th7I2HEH AFH FHor A AAHE=
AL ougtoh(e] g af, 1993). oA o] whgo o3t 7faAt BHo F4

2 Y el o dAF =2 Y AAHE ETIIH(CIFH S, 1999).

o2
s

AZE S FEAYE Agsta gi7]Fe] 2
= A9A 29 B4 g BAEAE Hrtek=d ol 2
b A tH(Jung, 1996).

ARAAA B o] = dAR ALA] ZAME Chamberlain &
(1966)°] Z4S Aoz e dA77 gEo] e o, Fdos Pt
E4o0]9o] aeresol, ozone, PAN %o thalx %= 3af < 2 tH(Brimblecombe 2}
Spedding, 1974), (Whelpdale®} Shaw, 1974), (McMahon %, 1976), (Sehmel,
1980)(Lee &, 1989)). AH3 ZetE FolAE AAZHNAEFH 2= 1990d ] o] 5 vl
| AeHor Frista glom, §4 A= Hed =
o H v=me] s AEAGA A Aol st FAA N A AE
dA % 71e-d S(sulfur)®] 30~60%, 2 2 (nitrogen species)] 30~70%
7h A A o dojdtiar HE AU AF S o, HEn Age A

A g Ae ok 12 Amsh ASdAdel ¢ge w Yojdrin Btk

o
2
of

o



=k

kel
o

]

R

A (water body)ell €|

o] 95% olde] w7 =EH 1]

1

ko]
Rl

[

@l ¢

A
1l
H

ol A

=] &

=

HH v 50 &
171 = g}

3|

=

=

(NAPAP, 1991). z&]aL tj7]
S

ki3

p—

o

X

o

A

)
o

o)

B
N

"

ﬁo

Q/]

!

REE!

Z

B

7] 7]od 7} 25~40%0°l ©]

v}k
z

[e]

T

TR

o)A A AT
[e)

F3 ek e

©

al

o2 HuyE7|x= g}
PZS

al

A

1 el 9

Ry

pu
R

=
=)

-501:

3

[e;

= Qs et

=

Asian dust9)

SERE

f
L.

}

7]

pul

o] ¥ 3

L
R

T

ko]
Rl

]

&2 (acid precursors)®] 7 A

JAL R By

o)
o},

o)

Al 5 5ol A €]
AT7E ol 5o

91}

Aok el A

ol
;@ N
)

T

Ho

L

R

)

ks A7

)

B
1

el

A

=

N

o

AT FEuAA AT E=E

=

w 2}4]

e

=] %]

h=}

CERIE

=

=

A gl AFE
o]

Agiel
zsﬂq_.

A

x)
2 2 dFdMe AFs

(dry deposition flux)9 F+<
Al

ARt ok AFrm AA 9
el Au7t AAH SR FofE o]
7bal H )

1)
JO

PN
A9S Aoz SO8F 030 AA

}o]

n
= ARAdgA BEE A4zt o7

=]

°©

]
=

= H

1A

o
fs

5 gREe] ¥AAZ o] Foid A

Rk

al

)
<]
T
]
=
e
el

o

=

—_—
o

o
M

—_—

A=
]
4

T
e

o

T AL, et

713

3
JO

=

=

8]

A A ALY Z1EE A A el

—_

N

)

[e3}
A

o~
T

AAH ez Ao

=
=

P R B s B e

58 A¥



0
B!
N

)

B
"
!

puge]

oo

)

O

Ho

<]
T
K
B
A
o)
_.DO
Ho
oR

A do

1

dell A dFS

E

-1

%S|

7 wg A7) AveA et naa AxzedAel A

xA

0

X
Am

KeN
=

ati]

wmo

xm.o

o

Gl

g4 skt oy

3

)

el

<]
o
B
=
el

H(eddy
A=

R
L

L

wroll

A 2}

correlation method)¥ 7 =% (gradient method)o] %] o] &=t}

k)

jfuse)

)

;OL

gste] ol&

CEREEXE
% 243271

=

=

o]

(F=(wC)2=2

7 # ohuel g7 of

o} olyth. wetA ol

al

= o
=

I

o

]
juy

~
o]
Y

O

N

b7

ks
“

e
=

= 1

o

Al =] A

bof o 2

o

A "k agez o

Q

[€)

©

o]
ALt

=

=

[e)

VdC )E

FF

e

7]
s

R

% 4= (dry deposition velocity)

/Ké %17(4

AxzA 7

R

.

]_

o A gtk o714

g

K

M
o}

7K

il

o



o] 7HA dRARE

s

o

o2A 9

o 47

;OU

KO
_Zrl

o
g
o)
o
=

A

71wl 718w

o)
=)

]
A

5, 1998).

ZH_]
=

AT

o gF &

Fi= 4 =9 (gradient method)<

= = =
25 AHED

=)
=

B

il
"

i

puge]

oo

o

o
o7

"
e

A A E A AL

KR
=

o] T84

A
ZS|

xR

0

N

L

o
o0

Bo

]

=
<©°

&

A}
2}

stsh mrzh 7] Aol 4%

o))
e

B

e

]

-
= 4

1

o

2 A Aeradlo] ¥

e muge x

CER

2~
T

ol dA7HA

A
goltt.

pu
R

A7

ol
A

el

e

0
=
a3

o
N

(indicator)2} &

-
3t

o) A

43

o] = A

BE A77t olFold %k

I

1ol

ol

AHEAY B FAHoR

%Tl

R

A

<

24 A

(1)

74
(z/L)

F.=—(ku.z) )

Solt) o]

u}-2

1
.

A = Ar2=o] 7
o S .
714 ki von Karman AF5=o]il u

( 2)¢} Monin-Obukhove length

—

O

N
el

]

q flux—gradient A&7

g8} %)

] 7] %

o

'

3}

o
7HA]

g

A

=

o

scale (L)¢] 3t

4 25

szolol whef

-
3t

oy 1 %E zol A A

(2)

C.—C,,=(F.lku)[In(z/z,.)— ¥.(z/L)]



bR 7N o, FE ERcAe 29

thoz,E @GS £37)% ge B4 Aol AR /)

55 I~
EIE =

i)

RIS
C.— Coe=(F.[ku)lIn(z/z,) + In(z,/2,) — ¥(2/L)] 3)

e

AAAE F= dubdQl oz A 3-FAMY (resistance analogy)©] AR-&
= (Fowler(1978), Garland(1977), Thom(1975), Chamberlain(1966)), 2} (3)ol A &
71984 AF(R)=

R,=(1/ku,)[ In(z/z,) — ¥ (z/L)] (4)

Ry=1/ku.)In(z,/z,.) )
ojt}.

s, JAA A L= FH2E odstr] HElAe FaxudAY &
dEL T2 (C, )5 gotoput gt gwo] 27 e 3¢ C T T 02 otyA
Tk A E A SO, FEE 71E T =Fd GSAHAE A di7]dAE A 0
o #& zt=t)h Wb A& canopy AAlol thdk 7| Adte] ayE shue] 3
= Canopy A% (R) &2 Uetd & Aot

Coc:FcRc ©)

C,= (F.JkuJlIn(z/z,) — ¥ (2/L) + ku,R,+ ku.R.]



(7)

F.(R,+ R,+ R,)

—

22

N
Q

1]

S

= Ao wE 744

o

o2 Hly

34

2E

|

o]

(8)

webd A7) (8)0 2 Y

=t

Ee!

i
T
ral
O

he

=
N

1.

k)
=

aHio] 74

o] qomA A%k

’%1—

9)

R,+R,+R,

Vd:

Tor

o

e Wyl FAN AR

=
=]

71 98 AbgE 5 vy

sl7] 984 Fig. 114} 2o 3714 % =,

W9l 4 Ly R

i

23

22|
el

)

e
22|
)
m)
ol
)
B

_X_I
_EH

olo] thafA NOAA(National Oceanic and

=
=

A71A A

Atmospheric Administration)®] Hicks

ol
ay

.60

—

_ZO

o}

W
Aol

BE

(1987)°l
2AdEA AA

o fA 37k =E IS 37 A A

=
fLe

pu
R

(multiple layer resistance model)°ll A

(Ra), %_E}'

_50
~
%
R
el

F(R.)

3 (Ry), 183l canopy A

A

=

o

v A



s gleh ol WAL Ee U BANE Q7] A cAmAe Fx F
L AARANA Y Uk BA mEpL RE SR
_}’:

al
A #EAH] A7) wfZel B v 7] A g i
o}

ATMOSPHERIC SURFACE

I

AERODYMARIC, Ra

DIFFUSIVE BOUMNDARY, Ri

r— T STOMATS — MMESOPHYLL
[
i ._+ CLTICLE PLAMT TISSUE
(Wl F AL L
% PLAMT TISSLUE
= v
o SOl
g‘ - greeny ® WATER SURFACE
(]
(T e~ @ OTHER SURFACE
-

Fig. 1. Schematic description of pathway multiple resistance for the dry

deposition of gaseous pollutants used in Hicks(1987).



3.1. 7] 9383 A3 (aerodynamic resistance, Ra)

2 A Q2R 329 SF AASAA =4
24 di7]e] FE(EE, g7l 8% Sk xHe] Ado wEe A
716l oaiA] AR AFATHE AME ofn B AFAE ofste] FAA L
=2 AU weA p e AF t7leA =S FEHS ARESte] A (1003
ol i M7 HIwmoR Akd ol

R,=(1/ku,)[In(z/z,) — ¥.(z/L)] (10)

%, R,E W7 o5 wdke] o8] Aujuti=th Hicks 5(1987)& #EF 0] 7]4dt4
A2 e B3k o] dre) gae pue aFHEE Ui 44 =
Aate Aol o F2 H Wyolzta AtAn dRe FF xFdA (g)

24 E5dhn AdAon g

l:\:l

| ARG d7ldE = We gre x3
@t ol mh WHsAl 2AAT] A g FuE ES AR EBEAA
(g)9 Bon FAF & k.

op=o/u=lo,/u)lu./ul=Fklo,/u])[Inz/z,— ¥,(2/L)] (11)

olwl W (z/L) F W, (z/L) O BAE A 2L FPxAANE A grim v}

AEv, B zddgME BHer R O

7] wjEe] o5 Aol AAl oAl A glttn B Aw 41002
R,~[0,/u]*/[uc] (12)

i
2
ot
i
s
=
:Oé
X
ox
=
X
o
fr



R,~9/[ucy) (A=) (13)

o zhefst & 4 lvh(Hicks, 1981).
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Fr=[(T—T)/(T,— TON(T,— D/(T,— T)1"
B,=(T,—T)I(T,—T), (25)

ANA T, T, £ /1% d o4 AuA e we Aw/HA ex WA =A

Aedol #eHv, 7,5 71% age] HHdd we] 2ot wpHuoR 7 =

Fe B FEe BA el o@ delmz 2372 23 49H A4S
A4S A% FouA e AeoR AtHd

f.=D/D, (26)
4714 D tael =i MPrtae B4 FAmoln DE 5,0 27 JY5
of BYHE BA FNERA BY £3700 B FHER HFEt ogBA
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A@NEA e
Y= 7/st-l_ ¥ mes (27)

webA s el ti AR A28z At

(28)

el EAE ABA el AN AAel A RUATES A
AR Qo sgstel sAsts] AsAA 4293 2ol LAI AdS mqdskel A
Hach

_1>«

V1o
R foliage = qut[ (29)

5
o
Q
=
Q
=
@
Q
5
o,
(@}
»
.-
=
rlr

1>
il
)
lo,
2l
ol
o
of
o
o

A % o] 4
WEFo R Agsti Sl WAS 1‘71_’\1?5‘}% Aoy A& Fo wet =2 19
W o2 Aol A dholal wekA o 7% gk 150
= GFs vtk webA 9ed] LAL o dike LAY 255 A7 2
¥ th(Baldocchi &, 1987). canopy We s do=iH HA », =, canopy
A% (R)E ALtst7] f1six= 7HAdded gk ¥ A9 profiles sunlit?
shaded 4HA o= #3elo] 7FEAIZl PAR &< Alkte] &8 & th((Norman,
1982), (Baldocchi &, 1987)). LAIE sunlit¥®} shaded F#o =z o] 32 2(30)l
olsl| Al4kE tH(Norman, 1979).

L.=[1—exp(K-LAD]/K

L,=LAI-L, (30)
o7 K& &2BAFEAM (.5/cosa E REHT, & HEY Aol w3
3]

Dbeam) i}- Elge 3 B‘i—
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238 wEkA sunlit? shaded & WA o ® 7lFgHE A WA o AA 7 F
AsFe theo] 2131 o8] AALE T}

R,— (31)

1
[Ls/rs(K' Ipsum) + Lsh/ rs(O-BIpshade)]

]

AN L= K * Lypegm+0.51,. 4y ©1FF A= AGDIM A4t s G

A A o Al hd = F A% (net uptake resistance, R, ;...)E R

s AR 0 A¥R NGO bt

B 1
Rfoliage - [ l/Rs + LAI/ rcut] (32)

webA canopy A&NA A=o TRl wWE W o5 Fod =4 Aol=

AAAAF(LADSE H27EAZe ee &+ Aok gl 5+ 3

A4 ERe B0 2 odudd et Awe

AA 2T canopy A@el] thgh AR t59] 2(33)EA AFEET

1
= 33
RC [ ]-/Rfoliage + ]-/Rsoil] ( )

o714 Aozl RS ®W PAR, LAIL &%, leaf water potentialel 73} < &4
& Holal FbEAL AEEE, ed=de 3eE 94 ROl ¥FE T dAY
S & F dn 2 R Al AHSE B, 95 22l 3929 ol
A wiy) WaEeh waEel] wE FAIAQ ARIE ofF HEsith aela HA A
ol ol & Aor AAE= vifdeRA g e gy nE JIFS
T 7 Atk gelAd AT RE #HEAS Aol Fo] hdd dE AW
canopy°l et F=vh 2RAR G seES e xHAdM= A A
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Table 3.1. Information of acquisited data for model application

No. of Meteorological data Air quality monitoring data
Month avaliable data Total No. excluded Total No.
SO, O3  of data data of data
734 413 744 - 744
27 730 744 744
694 696 696 696
743 744 744 744
711 711 720 720
703 705 744 744
624 624 720 720
- - 744 744

499 463 744 744

509 510 720 720

730 730 744 744

693 683 720 720

7367 7009 3734 3784

Missing data
SO O3
10 331
17 14
2 _
1
9
41
174
245
211
14
27
761

Dec.
Jan.
Feb.
Mar.
Apr.
May.
Jun.
Jul.
Aug.

9
39
174
281
210
14
37
1109

96
744

Sep.
Oct.
Nov.
Total

840

3. e A&7 4R

31. 29 &3 #A dHA=

=

=

LA Akl H2t5 & Table 320 YeERH T

32. 44 &4

718 A9 O
AR Au] 25
4% gest gag LAL
SR EREIEEY

RETA

718



Sol glonz od BAT AnEL FAL Fod A% 44D Aow Bud
ARES Table 3391 Aelste] vhebileh el B AFelAE A4 A/EE
A g g B F& 27 1@ 5 §lo] Table 3344 4%
gug b gest 2w pxshs doz sbgsgon, 48443 Bs

_E’i
of T471& 1194 38 F47HA F 1359 = AAs it

Table 3.2. The properties of gases of interest and some resistances and

parameters estimating dry deposition velocities

Variable Units SO, 03 Reference
The diffusion coefficient ratio of water 91 18
to the pollutant i (Dp20/D;) ’ '
Schmidt and Prandtl number correction
o3 - 134 114
(Sc/Pr)™
Cuticular resistance (reut) sm ' 7500 15000
. . 4 Hicks(1987)
Soil resistance (rsi) sm - 1500 1500 ]
for the crop examined
Mesophyll resistance (rmeso) sm ! 0 0
Surface roughness( 7z o) m 0.03 Panofsky & Dutton(1984)

Table 3.3. Parameters and their values associated with plants

Vegetation Type

Variable Units crop & grass short grass
Maximum LAI - 45 2
Minimum LAI - 0.01 05
Minimum stomatal resistant (rs’) sm’ 30 200
Stomatal resistance curvature coefficient(b’) Wm* 60 50
Optimal leaf temperature (T,) T 15 25
Maximum leaf temperature (Th) (¢ 25 45
Minimum leaf temperature (T.) (¢ 4 5
Reference Sorteberg and Wilson(1989)

Hov(1996)
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Fall
2784
59
3.787+2.45
0.104+0.030

Summer *
1368
112
4519+1.50
0.113£0.035

Spring
2208
120
4.843+1.05
0.105£0.027

Winter
2184
10
1.101£1.30
0.086+0.007

averaged dry deposition velocities of SO over wet or dry surface
wet surface
[

Sample No.

No times for
The unit of dry deposition velocity(Vq) is cm/s.

Va over wet surface
Table 4.1

Va over dry surface

Table 4.1. The number of times treated wet surface in the model run and the

* The data for July are excluded.
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Fig. 4.3. Comparison of dry deposition velocity of SO: and the relative
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Fig. 4.6. The diurnal variation of canopy resistance for SQOs.
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Table 4.2. The value of dry deposition velocity for SO

Dry deposition velocity Wetness **
Season Daytime Nighttime Day  Night
Mean ] ) Total
(09:00~19:00) (20:00~08:00) time time
Winter  0.099+£0.036  0.115+0.049  0.085+0.009 6 4 10

Spring  0.327+0.164  0.182+0.084  0.450+0.102 22 98 120
Summer = 0.408+0.240  0.248+0.148  0.542+0.223 21 91 112
Fall 0.180+0.062 0.178+0.073  0.181£0.054 14 45 59
Annual  0.246+0.090 0.176+0.067  0.305+0.061 63 238 301

The unit of dry deposition velocity is cm/s.
* The data for July are excluded.

** Number of times when the surface is wet during the model run.

Table 42014 R A3t 0.246 cm/solal oJ&Hol= 179 H=< 0408
cm/sZ 74 Eom I WE Fd e & & gtk tgges AHALEE G
< o, 7S, ALY £oF2 YEuTh 53] ALHe= A #Hdo 40% T
0.099 cm/s®l s HolWHA 1 WEEL AeA FFS & F Arh 2FARE
AdEE B oFHd s ASH v3)] 49 o] el AAAAEEE YE 1
Atk 283 ALHS AQg g A Fbel HlE] ofzte] AR A EHET}
S 4 U B AT Aozl SO, AR I AL E e o] 5(1998)0] =
AAGAA 253 FH&EA 93 Ezd SO, dA4FI-EE @ 2 WEH
(354: 065 c/s, A4 043 cr/s) P = FE3] e FEYS 4 F Ay

Fig. 45¢ Fig. 46 % Table 429 A%E T3 & w, SO, AP A& L]
AdE W54 Shollo] Awy o] AA Auet 1w S EHe Aol
Ak doETh AEe] 4 4 e ZHgo] &ugk v|gtel= Axwd dg
ol FAAe] nlgo] TUIHI VFS T s G, o)& T 9T
FHe] e g o o AR AEET X9 AR A
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Table 4.3. The value of dry deposition velocity for Os

Dry deposition velocity Wetness **
Season Daytime Nighttime Day  Night
Mean . . Total

(09:00~19:00) (20:00~08:00) time time
Winter 0.080+£0.008  0.086=0.008 0.075=0.000 6 4 10
Spring 0.102£0.031  0.130+0.023 0.078+0.008 22 98 120
Summer * 0.111£0.040  0.147+0.026 0.080+0.014 21 91 112
Fall 0.101+£0.035  0.130£0.032 0.076+0.008 14 45 59
Annual  0.097+0.027 0.121+0.02 0.077+0.007 63 238 301

The unit of dry deposition velocity is cm/s.
* The data for July are excluded.

*% Number of Times when the surface is wet during the model run.
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0.098 pg/m':s &2 E} A 4H

9k,

Table 4.4. The estimated dry deposition fluxes

i glme] AR HEl o}F e FEYS

i n 2 , Cotton  Grass
This study Seoul’ Chunchon® Pusan’ . . 115
Season field field
SO, O3 SOs SOs O3 O3 03
Winter 1482 33.991 58.19 10.08
2.14 2.14 42.86
Spring  4.262  56.737 38.86 6.57
S 7793  52.390 15.68 8.46
Hmmer 107.1 12857 5357
Fall 2113 44424 23.21 15.66
Annual 3107 46.318 33.99 12.98
unit :© x10% pg/m'-s
1) A<, B#FE-8-(1996)
2) °]&w 5(1998)

3) x=3=°1H(2000)
4) Padro(1996)
5) Padro 5(1998)
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