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Summary

This study was performed to estimate the dry deposition velocities and fluxes
of SO, and Os using Wesely's approach, and to clarify the characteristic of the
temporal and spatial distributions of dry depositions throughout Jeju Island. For
this purpose, the hourly averaged meteorological data and air quality monitoring
data were collected for one year of 2002. The GIS data for landuse types were
also used in this study.

The dry deposition velocities of SO and Os increase with wind speed and solar
radiation. The dry deposition velocities are highly increased under the unstable
atmospheric condition.

Over entire Jeju Island, the annual average of dry deposition velocities for SO,
and Oz shows the range of 0.14~0.44 cm/sec and 0.22~0.44 cm/sec, respectively.
These deposition velocities appears to be the largest in summer. During the day
time, the dry deposition velocities of SO: and O3 are higher than those for night
time, due to the turbulence intensity. Spatial distributions of dry deposition
velocities over Jeju Island shows higher near the seaside area and lower in
mountainous area.

The annual dry deposition fluxes of SO2 and Oz are 0.46 ppb * cm/sec and 11.74
ppb * cm/sec, respectively. These fluxes are low compared to those for other
regions in Korea. The level of SO: flux is high in Jeju city and Seogwipo city
due to the high SO concentration. On the other hand, the Os; flux appear to be
low in both urban and mountainous area.

It can be predicted that the annual dry deposition amount of SO: and Os over

Jeju Island are approximately 2,700 ton and 67,900 ton, respectively.

_vi_
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Table 1. Roughness length value(m) used in the model(Wesely, 1989)

seasonal category

landuse type

spring summer autumn winter
urban 1 1 1 1
agriculture 0.03 0.25 0.1 0.005
range 0.02 0.05 0.05 0.05
deciduous forest 1 1 1 1
coniferous forest 1 1 1 1
mixed forest 1 1 1 1
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Table 2. Input resistances(s/m) to the model for computation of surface
resistances(r,). Entries of 9999 indicate that there is no air—surface

exchange via that resistance pathway

Resistance landuse types’
component 1 2 3 4 5 6
Seasonal category 1 : spring
ri 9999 120 240 140 250 190
Tlu 9999 4000 4000 4000 2000 3000
Tac 100 50 80 1200 2000 1500
T'gsS 500 150 350 500 500 200
T'gsO 300 150 200 200 200 300
ras 9999 4000 4000 4000 2000 3000
Tclo 9999 1000 500 500 1500 700
Seasonal category 2 : summer
ri 9999 60 120 70 130 100
Tlu 9999 2000 2000 2000 2000 2000
Tac 100 200 100 2000 2000 2000
T'gss 400 150 350 500 500 100
T'gsO 300 150 200 200 200 300
Teis 9999 2000 2000 2000 2000 2000
T'eo 9999 1000 1000 1000 1000 1000
Seasonal category 3 @ autumn
ri 9999 9999 9999 9999 250 500
Tlu 9999 9000 9000 9000 4000 8000
Tac 100 150 100 1500 2000 1700
T'gsS 400 200 350 500 500 100
T'gsO 300 150 200 200 200 300
ras 9999 9000 9000 2000 2000 4000
Tclo 9999 400 400 400 1000 600
Seasonal category 4 : winter
ri 9999 9999 9999 9999 250 500
Tlu 9999 9999 9000 9000 4000 8000
Tac 100 10 100 1000 2000 1500
T'gss 400 150 350 500 500 200
T'gsO 300 150 200 200 200 300
Teis 9999 9999 9000 9000 3000 6000
T'clo 9999 1000 400 400 1000 600

“(1)urban land, (2)agriculture land, (3)range land, (4)deciduous forest, (5)coniferous

forest, (6)mixed forest
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Table 3. Landuse types and seasonal categories used in Wesely’s model

landuse types seasonal categories

urban land

. transitional spring with partially green
agricultural land
short annuals

range land

deciduous forest . ) )
midsummer with lush vegetation

coniferous forest

mixed forest .
autumn with unharvested cropland

water, both salt and fresh

barren land, mostly desert
late autumn after frost, no snow

non-forested wetland

mixed agricultural land and range land ) )
winter, snow on ground and subfreezing

rocky open areas with low—growing shrubs
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st o, GISOlA Alg¥ = EAol&dH 2 4 7= Table 494 2t o] =7H
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Table 4. Comparison of classification of landuse

study

types between Jeju GIS and this

GIS classification

classification of landuse type
(This study)

landuse

map

urban

the site for building facilities
the site for public institution
the site for tourist facilities

the site for industrial facilities
the site for agricultural facilities
road

ground

urban

rice field
farm
fruit ranch

agricultural land

agricultural and livestock farm
grassland

cemetery

the site for physical facilities

range land

forest

map

deciduous forest

indeciduous and deciduous forest
oak forest

torreya nut forest

indeciduous forest

oak artificial forest

deciduous forest

korean fir forest
coniferous forest

cedar forest

cypress forest

pine forest

larch forest

cedar and cypress forest
pine artificial forest

rigida pine forest
Japanese black pine forest

coniferous forest

coniferous and deciduous mixed forest

coppice land

mixed forest

_16_



A AFEe FHH U= GISAR T EAo]&EAA EA - HFA, AEAA
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A, AW EYEA, AuFd, g9EE2EgA, s - fAnxgA], Auyeled, 2y
A2UFE, FE£294E A5 d(coniferous forest) 02 st om H - @895 EF
g, A=A E= &3 (mixed forest) &2 -85} T}

olgA EiH EXCEHHE 483t Fig. 29 #o] A2 EAEEE AA
&

] H il FrEETy

Fig. 2. Grid system and landuse map used in this study

_17_



43|

1

9
yul

]

. automatic weather station)el A

PZS

i ol 9]

o

©

2x9b 1370 8] F-AARE 713 B 52 (AWS
2002 1956 20029 12€97b4] #5814

=
=

)
=25 Fig. 30 Webdd whe} o] AT SA E5 9
o 717da

B3

ol

' Table 59 2t}

S

g

;é!

_—

4
;ﬁ r
)

<0

~N

Al

hva
fn i

F Aol
NERE

=
e

Al

R

L

lo] 2 mdof A

Al el AWS A&

hva
T,

Z A% A7)

a2la Al

TEolH AWSM = F5, AN, 7, A

o

N

i
fite)

oo

"

o

)
el

)
uj

ﬁo

o

O

o

TR

AN 2 Aot Ye Aelet sHgstel RE A

3r
53!

X

H
N

=

)

o
ﬁo

EREER

2
)

.l
"
ol

el

N

<
T

dotr 7] e w7t

=

=

Aol

W (wet surface)ol Aol A4

(non-rain day)¥} 74 < (rain day)= ¥ H]

3

it

surface)¥} &

(Sehmel,

22

Q]
=

oAl =3 A1 7 (day

sel

of o

)

[e]

B
o)

el
°

AToAM = 1Y

B

sttt

S

&

)
)

tol mdo
- 18 -

o

time)e} ©FZFAI I (night time)2 &



I

Goséan
v

%

@ Meterological stations
® AWS

A Air quality monitoring
stations

1] Wl il sy

Fig. 3. Location of meterological observation stations and air quality monitoring

stations

Table 5. Meteorological factors observed at meteorological stations

Meteorological stations(4 stations) AWS(13 stations)
wind speed wind speed
air temperature air temperature
humidity -
amount of precipitation amount of precipitation

air pressure(sea level) -
ground temperature* -

solar radiation™ -

measurement interval is every 6 hours.

" observed at Jejusi and Gosan stations only.
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Fig. 4-1. Effect of wind speed on dry deposition velocity in stable condition

_23_



0.

0.

0.

0.

0.

0.

deposition velocity (cm/sec)

0.

deposition velocity (cm/sec)

depostion velocity (cm/sec)

SO2

O3

(a) urban
205 0.255
5 0.250
200 3
£ 0.245
1 r )
% = 0.240
(6]
190 %0.235
>
185 50'230
g 0.225
180 5]
$0.220
75 Lloionnnnn e 0295 Loiio i i
00 1.0 20 3.0 40 50 6.0 7.0 80 9.0 10.0 0.0 10 20 3.0 40 50 6.0 7.0 80 9.0 10.0
wind speed(m/sec) wind speed(mV/sec)
(b) agriculture
0.9 1.0
08 30-9
S
L s 0.8
0.7 =
’gO.7
06 =
o6
0.5 s
@0.5
0.4 0.4
©
0.3 Loliiii i e 0.3 Locrn e
00 10 20 3.0 40 50 6.0 70 8.0 9.0 10.0 00 10 20 3.0 40 50 6.0 7.0 8.0 9.0 10.0
wind speed(nm/sec) wind speed(nvsec)
(c) deciduous
0.65 0.75
gO 0
L » 0.70
0.60 E
¢ = 0.65
L Pl
0.55 Z
060 f
050 z
& 055
3
0.45 8050
[0}
©
040 Lo 045 Ll L
0.0 1.0 20 30 40 50 6.0 7.0 80 9.0 100 00 1.0 20 30 40 50 6.0 70 80 9.0 10.0

wind speed(nm/sec)

wind speed(nmv/sec)

G=300W/m’

Fig. 4-2. Effect of wind speed on dry deposition velocity in unstable condition
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Fig. 5. Effect of solar radiation on dry deposition velocity

_26_



SO, O3

(a) urban

0.30

025 r POPES 2000000

o
3
S
%ozo- .
3
S015 t
>
S 010 [ U2m's
Tg = U=4nys
20.05 |-+ U=brm/s
© —e—U=BnYs
0.00 bl
-10.0 80 6.0 40 20 00 20 40 6.0 80 10.0 -10.0-80 -6.0 -40 20 0.0 20 40 6.0 8.0 10.0
ta—tg ta—tg
(b) agriculture
1.0
’gO.Q
2084
§o7
206
205
> L
_50'4 ——U=2nmys
5 03 [ - Uaams
30-2’+Lﬁ6m/s
© 0T | —e—U=Bm/s
0.0 Lo it e L
-10.0 -80 6.0 40 20 00 20 40 60 80 100 -10.0-80 6.0 40 20 00 20 4.0 6.0 8.0 10.0
ta—tg ta—tg
(c) deciduous
0.8
j§‘047—
T 0.6 H ettt 00000 0 00
)
205
e
S04
>
< 0.3
S
§0_27+U=4m/s
S o | U
© —e—U=8nv's
0.0 Lot i T T T

-10.0 8.0 6.0 40 20 00 20 40 6.0 80 100 -100-80 6.0 40 20 0.0 20 40 6.0 80 100
tatg ta—tg

G=300W/m’

Fig. 6. Effect of t.—t; on dry deposition velocity according to wind speed

_27_



)
o)

O} %

4.1.4. 7]

2 Richardson number(R;)

-
it

7F A

3

Dz

Y=

s

B

7)ol A 7] dFE 2

o] JAA7E #Hold T Fig.

SOz 03¢ 7

=
p

7] d = o] Wste] uf

!

_—

o)
o~

AEH(Rp<0)d o

2hg ¢

ojth. ZHelM B th7|7F &

7

I e

9]

Al ol-&-Efell

o))

_Z#O
!

ol
;OO

ol A A @H(Erisman &, 1995).

AR o 7] 7}

g

HskE

=
p

Z ExolgdHE R tH X w

4
el
TR

ToR

o}
N
-

TH
-

B8R
o

149 woz vehton, gzt o

T A

’

2
1=

[N

EA o] &G el ]

—_
o

o
1o
o))

_Lmo

| 45 527F SO AA estoy 1 ws 7

33

Ho® 0s9 A
Fom, e et =<t

}?J:

]

[e)

SEZTE AAT W7
¥} ©](1998)

ki3

540l o
+ AA

) 2}

T
Ho

1

!

o= 1 ofE

&

b e,

S

= 1 oEETE At

_28_



SOz

—e— urban

—— agriculture
—¥—range

—&— deciduous
—t+— coniferous
—&— mixed forest

©c o o =
N ® © o

= 0.6

o o o
w > o

deposition velocity(cm/sec)

o
N
*

o ©
o =

-1.0 -08 -06 -04 02 00 0.2 0.4 0.6 0.8 1.0
Richardson number

1.0
+
09 urbfam
—&— agriculture
0.8 —X%—range

—a— deciduous
—+— coniferous
—e— mixed forest

deposition velocity(cm/sec)
o
(&3]

-1.0 -08 -06 -04 -02 0.0 0.2 0.4 0.6 0.8 1.0
Richardson number

u=3m/s, G=300W/m’

Fig. 7. Relationship with SO; and Os dry deposition velocity and Richardson

number

_29_



4.2 AHIFEXEE MyHEss

421 AR A L= 94 s

AFAqe] 7145 B EXel&@d s st 7 AAEE AT SO.9 039
ARAAER] 9 WEEES Ao ngch

7} SO,

Fig. 8& AF5%= 99 SO, 434 Zojtt. 2=

S 4yt Was Jed
£ HY 9~-11¢ = HEE 7H wa 1296 FhetuA ALH
e 7heA HlE tha &L FE Holw, BHE HolEWA thA] Fker] A%
ato] 6ol HAgS YeERAATh Sortevergt Hov(1996)7F AMAIA o] Qi A5

Ly
7F Hs2R Erbelol gar wmESjolA ol AR Ayt A4

Ex o] & etk
AAEE A FH =i ALHe e EWslE Hol B AT A9t {FAFS
AedFS BT
0.45
— 0.40
3
2 0.35
£
S 0.30
‘Z\
S 0.25
o
2 0.20
C
S 015
k%)
g 0.10
[0}
T 0.05
0.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

Fig. 8. Monthly variation of SO: dry deposition velocity in Jeju Island

2 Aol A A E AZE SO9 AAHAEESY] M= 0.14~0.44cm/sec Aol o]
Bt 0.27cm/secE YERGT SO0 AH AXAFAEEE o] (2001)7F AlFE A5



Aol A AR e 0.246cm/secet W S=dF FFEolth o] 5(1998)¢] F= HEhek F74 A
5 olF1 v =AAYGAAN 259 FEXEAR AES SO0 AGHAEEE o
F3do] 0656cm/secEZ 7HY A & S o2 FolA ] ALH 043cm/secE 7}t
Z AA YEbg . 2813 Matt 5(1983) % SO0 AR A& EE o 52 (0.5cm/sec)
o 7t Zx tgor EHy &H agla ALSH02cm/sec)d HE e Aow
ARG v

. O3

Fig. 99 Yl O3 AAAA S ] dwist A4S AoRd 7hs3 AL 14
AAEE7 vl ghe oA dASA fFAEE o2 YEbytth 12 il 39

7Vsl7] A Zbeke] 6€ol @S Boom AAHOREE 6~89 = oEH A
= deEbgth 059 AR AAEEe 9E FEge SO.9 WA "3k SO0l

Hlel 09 AAFAAEET 2 #$E BdS & F AU

01}1

0.45 1
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

deposition velocity(cm/sec)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

Fig. 9. Monthly variation of Os dry deposition velocity in Jeju Island

ATl ATl e A8 E 0z9 Ad A AEEE 0.30cm/secol A
ow 022~044cm/sec Abolo] EEE YEUTh 059 AQIALEE AFE MR
Ao A 243 0.097cm/sec(©], 2001)}
0.5cm/sec(0.32~0.90cm/sec)ell B8l ©& FES HS

v
iy
=
kr
©
(]
S
S
N,
4z o
2
£
A
N

Aol A A e



1o
)
gl
o
o)
4

Can
e

g

LeRd Zlojth SO.9F O3 B ofzto] H
o AdY WEE vwd =ZA Yebgh 28

Fig. 10

14 %27k A e

=

/\(-)] =z

I 3kl

3]

e
=
[©)

el

Aol A F 3Tl

B E

o} O
2 dHA It (Meyers

o
¢} Yuen, 1987; Matt, 1993; Padro, 1996; Zhang %, 1996; ©] &, 1998).

A

A

th71el et

!
)

ol
6

gl

oo}

=

=

(wet surface)oll A 2] =}o]

B2l ¢a 7FA e ¥4 (non-rain day)® << (rain day)9
A <) 5F 1

[e)

=

5% e Aol 6~8%
Ao 7 eua gk 2ea SO0 A%

of 7] Apol7F MlulA F Ao yetErou 039 %ol

Ll

%9

==
o

ol

v 2 9

L

R

A~
=

il
o
gid
Cis

!

o 2ol (Sheih

(1993) & & 3%

7]

=

o

o

-

}o] mj

[}

ke

A

3T

E7b =7 JEbs T Matt

=

=] &

oS W SO

1986) A

=
O,

b, & Al A Oz

L

oF =

1979; Walcek
o

Aol A SOzl o gk

A A

il
"
ol
O

N
o)

—

&+

_32_



SOz

M day time
N ) .
0 O night time
906
£
£ 05
o
=
S 04
o
£ 03
C
©
=02
o
o
2 0.1
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month
O3
/ M day time
0.7 Onight time

deposition velocity(cm/sec)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

Fig. 10. Monthly variation of SO2 and Os; dry deposition velocity according to day

and night time

_33_



SOz

Hnon-rain day
Orain day

o o o o
N w ~ [&)]
T T T 1

o
Y
T

depostion velocity(cm/sec)

o
o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

M non-rain day
Orain day

04 r

03 r

02 r

01 r

deposition velocity(cm/sec)

0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

Fig. 11. Monthly variation of SO; and Os dry deposition velocity according to

non-rain and rain day

_34_



of nls) 1.28) 4

ofl 4 o]

Eal

)

e

el

)

p=2
[e)

7}k Sheih

3

SEe 207l "n 3

=] A
= 1
7}HE A T

€

Ael

]

|

ol
(1979)e] Aol Hl3] tha A

il

25

3

Dz

il

xa

Fig. 12 A5 oo A

1}

Q)
=

tol LhEbdl Zlolth SOu8 05 RFel A w3

S

=

el

3

7b oFzkel H]

S Holu

23k

tol 620l

e
25

Cd i

7}

ojp

iz

o] WA wolA= 4

=

il

o
N
i
o
e

O

of

|
o
ﬁo

45

—
o

4

A&7 AA

o

/H;g

1 Al 2

3

Tl n

701-

- Wl

o
al 7}

o))
5

B

1o

ol
K

ol

alil
u

ol

=3

np

Zhalgho] ApehE 7] u

ol i} o] A

oA ol = M

N
XE

NI
)
o
o
B

YA AARE G Erisman 5, 1994; Wesely,

= v
— —

It

o el Al

s
a-

s

1989).

)=
RN

canopy 2l 4% %3 canopydl Al Xt}

!

E!

™
eyl
Nr
)

]

7F 2

e
RS

F canopy ©ll A ¢]

3
s

2=

o= &

ol

A %27 2 ek

R

—_—

0

o
w

ar

_35_



SO, O3

(1) non-rain day

M day time
[ Onight time

ec

o

(o)
T

deposition velocity (cm/s

Jan Feb Mar Aor May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month month

(2) rain day

Il day time

8

amount of precipitation(m

I3
=

07 [ night time ] [ 170
’g 0.6 | —a—amount of precipitation 1 600 €
2]
£ 05 500
o
=
£04 400
o
£ 03
c
ie]

‘»
o
Q
[0}

o

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

month month

Fig. 12. Monthly variation of SO: and Os dry deposition velocity between day

time and night time for non-rain day and rain day

_36_



=
o

4r
wr
ol

0

N

A& (R,),

b

)
—
file)
JvNO
_

<
)

4r
T
ol
ze)

o

~
70

i

Al et ek Fig. 139l 2+

s}
=1

2 h=-k=1

AT =
5 —=

i B

I

ato] vERlTh Fig. 13-1¢14 SOzl o

Fri-oll mhet HjaLs

%)

Tor

HA e

b 58

U

] 3}k

&

el
N
No
o

~
;OO

f

9

o= F3rel H

#aste AoZ YEET Fig. 13-2004 039 A $-9% Fig. 13-19 SO} 1

[e}

—

el

-
o
el
;OU

<
_EH

Al =

S

714

of

{r

e

143

o
pl

3o 7] 7}

okg
°Fs

AApol

—~~
10°
—

ZO

zel

TR

[e)

.

(1986)

o

p=R

. okzke] YwBly A< 917 u

A YESE. Walcek

=
T

1}
~

J o] &= 7}

3 7

ez AAHAL

Ao o

]

=

}\é 7

al

zal

o=

a

S
]

o

/\01—

I

o)

~
;OO
—

_Z#O

sl

)A
KR

BN

el

P

ol

o

ALgE stetr el A

_1_wo

B
22

ol

R

o] AA Afol7}

1o
o
ZO
=

o)
ala]

I
)

ejar Alde w

A YEbstth(o] &, 1998). dwtAow

°

1

T X

EEE

o
e

~
N

o

B

doll FHAF ol AA e

o)
=

7

‘&O

Fooluet 7))

o
fB4

RL

HH

B
g

1
il
N
R

uze)
R
ol

AT A ME et o s
- 37 -

-

k)
pil

(1979)°ll ¢ 3

o

—

2 91}, Sheih

=

=



non-rain day rain day
(1) day time

——Ra = Rb
700.0 —4—Rc —e—Rt 900.0 r +Sa +S:3
—&— Rc —o—

600.0 f 800.0 r
700.0
— 500.0 P
£ E 6000 [
&
3 400.0 § 500.0 |
o o
S L S 400.0 -
> 300.0 2 .
(7] @D |-
£ 2000 € 300.0
200.0 -
100.0 ¢ 100.0 |
0.0 n N N N N T n T n T ) 0.0 I n T n N T T )
06 0.40
g g
© 05 X7 L
g g 0.35
< 04 | =
> >
,§ ‘;80.30 r
é 03 r §
0.25 r
s02¢f 5
3 3 i
So1 8 0.20
[0} [0}
© el
0.0 . . . . . . . . . . . ) 0.15 . . . . . . . . . . .
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month month
(2) night time
——Ra —=-Rb
1600.0 a 12000 ¢ —+—Ra —==Fb

—+—Rc —e—Rt —— Rc ——Rt

1400.0 | 1000.0 |
12000 | W
£ 10000 F £ 8000 ¢
3 3
S 8000 | 8 600.0 |
§ §
R L R
g 6000 8 400.0
400.0 |
200.0 | m 2000 |

0.0 0.0
020 028
3 3
2018 r 2026 r
5 5
g 0.16 = 0.24 r
%) o
§ 0.14 r % 0.22 r
§o012 | §020 |
B 3
8 0.10 r 80.18
8 38
0.08 ! 0.16
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month month

Fig. 13-1. Monthly variation of resistances and dry deposition velocity for SO»

_38_



non-rain day

(1) day time

450.0
400.0
350.0
300.0
250.0
200.0
150.0
100.0
50.0
0.0

resistance(s/m)

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

deposition velocity (cm/sec)

—e—Ra —=—Rb
c ——Rc —e—Rt

|

deposition velocity (cm/sec)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

(2) night time

o
o
s}
o

resistance(s/m)
@
o
o
o

IS
o
[S)
o

200.0

o
o

!

o o o
= N N
® O N

o o o
ST NN

deposition velocity (cm/sec)

o
o

Fig.

- ——Ra —#-Rb
—— Rc —e—Rt

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

600.0

500.0

resistance(s/m
N w e
o o o
o o o
o o o

100.0

o
o

o
S
S

©
w
a

o
w
S

o
)
o

o
N
o

©
o

800.0
700.0
600.0
500.0
400.0
300.0

resistance(s/m)

200.0
100.0
0.0

o
N
e}

0.26

o
n
=

o
n
o

deposition velocity (cm/sec)
o o
— )
o] ny

o
o

rain day

- ——Ra —#-Rb
——Rc —&—Rt

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

——Ra —=—Rb
—a—Rc —e—Rt

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

13-2. Monthly variation of resistances and dry deposition velocity for Os

_39_



of w5 =LA A

&}

A]

o] A 5 o] v

3]

o)
mmo
—

B!
2

ol

o]

7147 b 2 AR JEhARE F3ke v

e 7o) w7}

22!
_ﬂ

ﬂmO
2

= Wesely ¥2jo =

1Ak, Padro(1996)

=
T

oF
=

e

=
<

1
A4
a
w2

HSA Tt

5|

=3

—

el

e

el
o0
T

—~

;OL
O

Ho

i
B
i

o] §-5}o]

=
=

N R Ex o] &3

AF= 17789

SOz9F Oz A

ki3

g

il

aEs B SO.8 03 BF g

140 e

o
o

—~
o

el

| AFE AR

= =]
= °

wgh

M

%

O

¢

oW

_40_



SOq

o % R 0EF 00 abh Al A%

o 1% Q30 DLE 00 DI6 DD kA%

Fig. 14. Distribution of SO and Os dry deposition velocity in Jeju Island

_41_



A
g

el
=

)

Table 6-13 6-2

—
1o

el

%93 200~600m Aol

HAA T2 A

R

4

¥

B

o

vzl

gl

S=3

%
5

o

2

!

W Aei

[e)

=

3 wa 7] AW Apole]

Z:]_}\

9

I AZH H &
el 7
= HAT 7F

S

Al

=
R

ol 7}

Aglol SO 0s9)
Apgol o

™

Bty =4 vE

SOz} O3

L

R

OFEA| o]

Ash FFHol Bol

7

TE

o
5

ﬁo

3 ALA oz

[e)

Fol ekl A u 7

Al YERY AL

)

=

ST

5]

o

et lem, 7t

=

o]z 200m ©]

[e]

=

bebak Aol 4] 71

pul

ko)
] SO0l A% mAAAD AR o

9

=

93} 600m ol4e] Arep el g g

Zrefell 600m ©]7d2]

s

ol

il

.

X

Al A el A o

1989).

_42_

SO28F Oz¢] 7%



Table 6-1. The value of SOz dry deposition velocity in Jeju Island

non-rain day rain day
season elevation

day time night time day time night time

el 200m 0.39 0.18 0.50 0.35
cow (0.33~054)  (0.11~035)  (0.28~0.90)  (0.17~0.67)

. 0.31 0.13 0.24 0.18
spring 200=600m o0 (95)  (009-018)  (0.15-034)  (0.10~0.29)

bove 600m 0.28 0.10 0.15 0.10
(0.27~0.29)  (0.09~0.11)  (0.14~0.18)  (0.09~0.12)

el 200m 057 0.15 051 0.33
clow 048~0.74)  (0.09~0.27)  (0.32~0.88)  (0.17~0.61)

0.50 0.13 0.28 0.16
summer  200=600m 15 057)  (009-020)  (0.22~037)  (0.10~0.27)

bove 600m 056 0.10 0.22 0.10
(050~059)  (0.10~0.12)  (0.22~023)  (0.09~0.12)

tow AR 023 017 0.44 0.35
clow (0.20~027)  (0.12~025  (0.25~0.85)  (0.17~0.68)

0.18 0.12 021 0.17
autumn. 200=600m 11 90y (008~017)  (0.11-028)  (0.09~0.26)

bove 600m 0.12 0.08 0.11 0.09
(0.10~0.16)  (0.07~0.10)  (0.09~0.14)  (0.08~0.12)

el 200m 0.29 0.22 0.45 0.37
oW (0.21~043)  (0.14~041)  (0.24~0.82)  (0.18~0.67)

. 0.18 0.14 0.20 0.18
winter  200~600m 10" 095)  (0.07-020)  (0.09~029)  (0.08~0.27)

bove 600m 0.10 0.08 0.10 0.09
(0.09~0.14)  (0.07~0.11)  (0.08~0.13)  (0.08~0.12)

unit : cm/sec

. range

43 -



Table 6-2. The value of Oz dry deposition velocity in Jeju Island

non-rain day rain day
season elevation

day time night time day time night time

el 200m 0.45 0.19 0.39 0.26
clow (0.40~060) (0.12~036)  (0.30~051)  (0.19~0.43)

. 0.40 0.15 0.33 0.23
spring 200=600m h a0 04 (011-020)  (0.28—040)  (0.18~0.30)

bove 600m 0.39 0.11 0.29 0.18
038~0.39)  (0.10~0.13)  (0.28~0.30)  (0.17~0.20)

el 200m 0.65 0.16 041 0.25
cow (055~0.84)  (0.09~0.28) (0.32~0.48)  (0.18~0.35)

0.60 0.14 0.36 021
summer  200=600m 50 068)  (0.10~023)  (0.33-042)  (0.17~0.30)

bove 600m 0.67 0.11 0.34 0.18
0.60~070)  (0.10~0.14)  (0.33~0.34)  (0.17~0.20)

dow Al 0.34 0.20 0.37 0.27
clow (0.31~0.39)  (0.14~029)  (0.32~043)  (0.20~0.37)

0.30 0.15 0.33 0.24
autumn - 200=600m o1 a5y (009-021)  (0.26~038)  (0.17~0.29)

bove 600m 0.22 0.09 0.26 0.18
(0.20~0.26)  (0.08~0.12)  (025~029)  (0.16~0.20)

el 200m 0.34 0.23 0.32 0.26
oW (0.30~0.47)  (0.15~042)  (0.27~0.42)  (0.16~0.41)

. 0.28 0.17 0.28 0.23
winter  200~600m 19" 034y (0.00~025) (0.18~034)  (0.14~0.29)

bove 600m 0.20 0.10 0.19 0.15
(0.18~024)  (0.08~0.13) (0.17~025)  (0.13~0.20)

unit : cm/sec

. range

44 -
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Table 8. Dry deposition amount(kg/day) in Jeju Island

. season
pollutant secies - -
spring summer autumn winter
SO 7,645 7,332 4,875 9,617
O3 216,526 207,291 168,370 152,163

Table 95 HW AdE= AddA] ofs) AAx= & HAFS SO0 B4 &

= 1

1%

o5& ¢ 700ton, 7F=3 <F 400ton, A&l <F 900tono. 2 AZF 2700ton 7}

o] A Ytk SO¢ At FAAHE F AAFS Al A EE= 11,200ton
(A3 HF 1996)9] 174 A=el sigdett ?h8 O &Hol 7Hd %2 9F 19,900ton,
o5 ¢F 19,100ton, 7F&Hel ¢F 15300ton 18] A&l 7Hg¢ 22 13,700ton

of AAF I Qon, AFAG A7 YHHE F A4

rlo

67,900ton 4 E=o]t},

Table 9. Total dry deposition amount(ton) in Jeju Island

. season
pollutant secies - -
spring summer autumn winter
SO, 703 674 444 866
O3 19,920 19,071 15,322 13,695
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NOMENCLATURE
Symbols used in model are listed here.

Symbols

C Pollutant concentration(ppb), Equation (1)

Dm0 Molecular diffusivity for water vapour, Equation (16)

Dy Molecular diffusivity for a trace gas in air, Equation (13)

Fy Dry deposition flux(ppb + cm/sec), Equation (1)

g Acceleration of gravity(m/s”), Equation (4)

G Solar radiation(W/m?), Equation (15)

H Sensible heat flux(W/m?), Equation (8)

k von Karman constant(=0.4), Equation (3)

L Monin Obukhov length(m), Equation (8)

Tac Resistance for transfer that depends on-canopy height and density(s/m),
Equation (14)

Tel Resistance for leaves, twig, bark or other exposed surfaces in the lower
canopy (s/m), Equation (14)

T'de Resistance for gas-phase transfer affected by buoyant convection in

canopy(s/m), Equation (14)

Tgs Resistance for soil, leaf litter, etc., at the ground surface(s/m), Equation
(14)

ri Minimum canopy stomatal resistance(s/m), Equation (15)

Tl Resistance for leaf cuticles in vegetation and otherwise the outer surfaces

in the upper canopy(s/m), Equation (14)

I'm Leaf mesophyll resistance(s/m), Equation (14)

Ts Leaf stomatal resistance(s/m), Equation (14)

R, Aerodynamic resistance(s/m), Equation (2)

Ry Quasi-laminar boundary layer resistance(s/m), Equation (2)
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Surface or canopy resistance(s/m), Equation (2)
Richardson number, Equation (4)

Total resistance(s/m), Equation (2)

Surface air temperature(C), Equation (15)

Wind speed(m/s), Equation (4)

Friction velocity(m/s), Equation (3)

Dry deposition velocity (cm/sec), Equation (1)

Height at which deposition velocities are being calculated(m), Equation (3)
Roughness length(m), Equation (3)

Virtual potential temperature at height z, Equation (4)
Virtual potential temperature at the ground, Equation (4)
Thermal diffusivity in air, Equation (13)

The slope in radians of the local terrain, Equation (20)

Stability correction function : heat, Equation (3)
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