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Abstract

A tracer model was applied in the Far East Asia to investigate the dry deposition rates of air pollutants on Korean

Peninsula originated from different countries including China and Japan. Wind direction was chosen to predict the

maximum deposition rates and SO; was chosen as a tracer to estimate the source strength. Model simulation shows

that inflow, deposition and airborne ratios of China-originated SO, were 50%, 8% and 30%, respectively, at most.

Also it was found that deposition, outbounded and airborne ratios of Korea-originated SO, were 15~77%, 8~

75%, and 3~30%, respectively. Model simulation also shows that inflow, deposition and airborne ratios of Kyushu
~originated SO, were, 30~45%, 8 ~14% and 20~25%, respectively.
This study shows that tracer model can be applied on the estimation of air pollutants partitioning in regional scale

and that more sophisticated modules and schemes can be developed and applied to better predict the transboundary

amounts of air pollutants in this region.
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A7 edE5Ade) AAY olF o AP &
2 T3 TRol AGolA 98 HRE 3‘%"}?3_
Ao FAHT dH et T AiEATS A
o2k W& Ee]x 2 gl SOx, NOx, 05 52| w72
GEAEL HT Bl SV A7l L9 e A
o]ig} HAEdE JFHT Qe AHH 2R wE

9 o] 29EAEL odUoNE fu~ A

kmel| o] 27|77 o], ¥ 4 3121 (Schwartz
et al., 1989), NAPAP(1991) A & 4 9l %o
°]& i"éf?‘—‘:‘% Adxozg AP 5 AR
29 B ¥2& AT 9o

S0, 5 49l LAHA ALY LYEAEL WAl
382 o EoF gl 3200] A3} AAAHS &
Wahe 5 A "HelAM olF dirledeAY <
A wEee AJd WA okHT ERN wow
Al A A dedgg vAE Aoz 3
531 gl (Gorham er al., 1989). 18t} o] 9%
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230 wiE 9 o] F, 1| Ax g g7 =
Abck AT glele o] Eo S Teobdlr) oy
o, o] & & Hu} FholME g A7 Fab
= 3}32 9io} (Mcdonald et al., 1996).

1987 &z} ofrlo} 9] 1l oA 4]

- AAA B 13 =z, AR ofE
o] ¢oz w2 oA 2n7} GAFETZ ok F)
o} o] xqt F50 A, NukEt A o] F YR A
v Z7182 997 5%2 AA ofAlo} oA 4
H|=ke] 40%5 AABIAL gloer, d¥ A= o
Yz Anjgpe] vl 1% HE F718k3 Qlon ofa)
of A oA &Ml F 23%F A 9l
o] date] AA ofAlo} o x| Am|Fg 41%E,
Fiate] 2.6%E AAF vEE B o Aoz
W Feolvh(Kato er al., 1996). o8¢ o]& 2o
AeAL e A o] 439 32%F AR|s)a g
Lo f-F AMEFEGE g2 Aoz eyt o
2 njFo] & of FHI72EE S gr|Aed b
A gL ARF Aoz AlRHY 19899% V)
o2 & o T FASE wiEFS o 1,500
W Bog o] oF I5ule] slaly 2¥-43a
(TSP)-2 2] <F 50u)el] ] =31 (OECD, 1991),
225 Y| RERL MiEHE A S AW
o]t} (Kato et al., 1996).

FH A Ao AL T dr|edEdY B2
£ AP SleiMe dA 2 w4 brled
A9 WE A o), Fdol B A8} Fo3MH
(Charlson et al., 1992), =2 AJe)Ad] =& oo}
Bl i F712 o) E e AHEA 4L F
7l xE A AT 5 ole W3 Eoh g 4
v dg=He] 8FHI 9ok

2 dFdMe AR S st FHI7 Y
T ol M v EHolR 2 9EHEo] o F, AA
HAAE F¢ T mAE IS Fgstuat
ot LGEAZE 7] FolA vlad A=
SO w3 285 o] 43ldon, o9 T 5
#ferel 57 Aukat ghtE o 53, 23 o |
& Tk BAPIZEE 19959 ~1996  Alo] 9
71% BA, A, 2ol dsFe] AuiE el 7|z

B2 AA ZA4AEE EAF 3U7E BAL

£ %
2 5389 BAP) 7 e gk

g7l B A s s A] A 13 A 33 5
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2.1 Al Xl gl J|A RIB

A AYLE 2 1eA £ 4 glRe] 4 115
~135%, 59 30~40=2 1,649 km X 1,125 kme)
azjelm F=¢ $Hek A2 Kyuwshud %33}
2 gler Bab A Q9 AR FAR 200, G52
2 10, 28]z AELe2E o] 3km7bA] 20744
A2 FAH o 47] g el wEE ]
T LA AA BAF AgE vay A 8
FollA wAEAREZ 2 2eloA: plumes]
A& we} o] 52 (moving domain)& A3k eh
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A2 FAHARLH, I M R o) EH 3
Abe] o] Fof7lct. o] Fd el o] A} =79} A2k
7t (time step)-2 A AW} BAZE FT37] 93}
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Fig. 1. Air sounding stations in model domain.



(quadratic interpolation)3}ed &}, BAMA] ZF A
Ao AT ZEol GE T P Foe Aake
A (MY A %E W A ARG Y WA
(linear interpolation)3ted %2 IHAE2 o]-L3}4
o} (Lee, 1987).

uy="Tu+cix+cytextteyptesyyitcs 1)

A71M x, yie AA 713RF20) Ay BT ¥
e e, A o~ FHA: A 9
3 e =} (Clarke et al., 1971). Wi EH A YA}
H e} 9 F4& AAA] o] EHE AY LES
7 AAS) e AT A WAIR o) Ssaich

2.2 oI A EH g U4H

2 BAR] HAEE dxbe] wrEske Al 7
3 5070 0] 2 A7k ZHA-& 90022 39 EAMA] F
14400747} wj&HH, Mi&He A= AF 50
ks QY QU AR D2 WED F
Alell 2 294 <4 glellx A EE& A s
Ak = YAe SR e YA 3
Fo 9% SEAshe dokw Agshalc

ol vhepyd whe} 3be) 0 GAL FF Fagl
]| = Tianjin, Hebei, Shandong, Jiangsu, Shanghai %
S A FAT WEE A= #wA 502
wWEaFe] - FUEE ALt S/ A e
A5 MEANZR L, 4ol Kyushui F72
7t Aol o] 299E Fol & 1179 294
czxy iEe vde G TR B9

Table 1. Sulfur dioxide emission rates in model domain.

ool Aol SO, WA WA A FHEA 233

=3
vl EaFe] A2 F59 A4 19899 SO &
ol L630HES 7|Fo® slglen 3Y F<k 134
43 Fo] wiEFTh(OECD, 1991). shikEolA] &=
= 42 WHEALIR(FFE Y, 19959 ARE o] &
sl o B9 SO, wj&eL Akimoto et al. (1994)
o ARE el gt

E 1A B 5 glFe] F7 F8|te Tianjin,
Hebei, Shandong, Jiangsu, Shanghai 5 57 A9}
G2 FFY AALAE F2T For R
A A4 biade] Ha glon, HHos B o A
A FZ9 5% AEZ A s} AsE wjEake
89%1 Hal Wzh 4508HE AHZ2A F5 A o
g 25%2 A=A T 9t

2.3 2HEHY 0|F

Particle~in—cell model-& }-5-84k-E- s)4317] ¢
3t 3 uld (Warren et al., 1976)2.2A A4 2 9%
e AN BAURZ ol T 2eld YAE
S 422 FH= o)X ¥ governing equation> T}
+ A @ 2.

%(ng—::) +—£}—(Dy—a-n—) +—a—(Dza—") +5 @

1714, n& YAFE, U, V,Wel D, Dy, D= x,y, 2

Source Location Region Province or Provincial Sulfur Dioxide
our {Lon, Lat) cglo Major City Area (km?) Emissions (ton/yr)
1 117,39 Tianjin 11,300 240,012
2 117,38 Hebei 188,000 900,520
3 121,37 China Shandong 153,100 1,889,254
4 120,34 Jiangsu 102,600 1,019,844
5 121,32 Shanghai 6,200 389,980
6 127,37 Seoul 11,718 269,992
7 127,36 Teajon 16,296 209,774
8 127,35 Korea Kwangju 20,366 327,721
9 128,35 Pusan 12,306 471,182
10 129,36 Teagu 19,904 211,619
11 130,33 Japan Kyushu 42,136 108,200
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wako g o] o] g4 xel FREAASLE ehiie S
YA mEFE ehie.

9] Aol A o] F-3}(advection term)z} AL} (dif-
fusion term)2 x,y, z8}gko 2 Al (3)~(5)o| A
Al £ (diffusion velocity) 2 37 A& =H,

on/ox
ug=—~D; 3)
n
/
vim —DD; on/dy @
n
onloz
wa= ~D: (5
n

A7|M, 9 R Aee AEHez o2 4
(6)o| M A Ak o} #1c}(Sheih et al., 1983).

D,=explA log Ax—B] 6)

A71M, AxE AR Z7) (m)E, ¢ Ax 1.2857,
Bi= 2.04433& peldic).

ol2jat ZtEe #¥HM<l z}(Gifford ef al., 1982)
F Al A GRFEA AL o A
Zto] Shire} Sheih(1974)e] 2] #etd A ko] 2
3 Hdeo=le

D.=kz [In (2/z,) exp(4z/H)]! 7

oJ7]A], k¥ Von Karman A44>(0.4), i 1% zol|A)
o $qug &5 Hy 245 2=F vehid
sine functiong ©) g3} z,.= A HEY ARy =
o]l 2 Sheih et al. (1979)2] Z;L o] &3} )

H AG~G)e GF FAEY KESE (effective
velocity) 24| o] §H = L @EA2 FHELE (otal
effective velocity)= o}-3-3} 7o}

U=utu, (8)
V=v+vy, )]
W=w+tw, 10)

FF N7 BAHR] A 134 A3 5

2} (8), (9), A0YAA u, v, we} ug, v, wa deter-
ministic®} stochastic componentE lehic) =, A
@D 9= FZol AHAHH AANY YAELS A
(1ol J3) o] 5%t

2 Ly —s an
azax"ay"az "=

o) tracer 2L whgA o) gl M)A 2
2 A, 7k 7). 9B -] He 7hssik

24 2HE3H] FH

H7158 LHERL F2 o AAAA ] o3
W71 Fo 2N RelHoix 1 A FA FA4
A=t AR AH o2 Yozl ol2dt JHAA
< W7l EAY AAE o)FRNE olsisiey
W Efo| He Aoz odeix glon oFH:
A7t SV 5 2 FeA4E vlEA g AX
= Aoz dex ¢loh(Zannetti, 1990).

7ty B8] A AR AAFHE NAEA
S A#Ed d gAY A, 35 EAd) o}
2f S om mAlgde sP) e A®H &
oA o] F-oizlct

Chamberlain®} Chadwick (1953)= &3} 7to]
A 4% (deposition velocity) 2 A2 fixe} 9 9E2
o) G715 F=2 olgsje] Hlsisich

V,=F/c (12)

714, F= AA4HE 29549 fx (g/ms)E e}
e, o L4983 FE(Em)E vehidg wE
d 295d = o pdiled 9 A4 AA
o3 MY 19 LA frledEL L F4
ARESE 24 AA- I3 A% go] AAFE=
Aoz or2ix ¢} (Mareco et al., 1976).

7ty ArledEAS 2059 SO.9 AHE
o gt A7t 7B we] aEglon g0
s SO0 AHEEE A4HY 2 Fal Aol
ule}l zhzt 0.03~26cm/sec®} 0.04~7.5cm/isec Ao
oAl B3 ¢lv}(Sehmel, 1984). SO,2] & 2
S Aol osf dolxl GEEA ole] Ao
s B3 S8 gkTo) g WA 2AH



Table 2. Dry deposition velocities at different land

surface.
Area Land Water Snow
Deposition Velocity
(cm/s) 0.6 0.8 0.1

93 otk FHe) AS o] AHYAA BE @
F7h SR Ro) PRE Y ALY A ER
WE AASE AR} v FHG £ B4 5 AR
2o WE A4$E} G2} B AFE regional
scaleoj A AT o} FH edEA ] AXIA o
% (convection)®} 5 EAk(turbulent diffusion)e)
o3 =23l fx AlAb] FH3 vl F 204 MFH
AgH A ZA AR el dEZE o &
3l ¢+ 23 (well-mixed)2 7} sl 29 WA}
E $8)3}gd v} (Langer et al., 1991), 29 2A}A] A
Ao doil= ol BAIY FHjekdof A
FEoAMEE] 30m7IAE 71 sl9] 2., Feichter et
al (1996)% 229 24 AAE T Fol & 7HA3)
o] AdF FP3 vt U

8. Zx o 1H

3.1 HIEE Y

2 Q7 37 FAL 9 IUE
A iEE d7)edee] takse) A JG
247 S Aow FHEol 4% B PAF
& setalr] 98 AoR BANE B9 9 B4
o) o] XujAoleh,

A 3708) BAPIZeE vire] Adsid®
ool WE g dohrs] slsjed Bl @A @
ol 47 39 F3 AW 72 A g o]
2 712 ® 3¢ vhepigict

B} ey 107)4e) w2745

223 2l

2ol A w12

Table 3. Wind directions and model simulation periods.

5o} Aol SO A AR e AFEA 235

Aziebe 222 4E ZhEEE 248 A42E o
folo] MRS FHT olF opA o3} ik
(quadratic interpolation)a}ed T3+ XAlejode] ujzl
AL a¥ 20 EPAE A TF Case 1
19959 3% 49~6Y7}#] 3d F<rto=w g 24
A ok g glRe] BAFA DL nighe] AuiA el
on, g FEHE AEH T A 3misec ALY
=5

2% 2% RANA] el 19954 39 49 OUTC
of 1% 1,000m FZoAe] upgARer o HgEA
o WEHE $% BAdNE BFel B3 Yo
o EZoz o|Fgel wet AW Fol ekalAn
7t =g AvdEA dE E5 o] BA eI E
TEA L] vhgtel, Kyushu o] 'dA el M A FA
A9 nighe] EX le2 & 4 A+ ]9} el &
d AzZh Fd AEAMY FIH FHL sz A
ol weh ZA Aelrt USEE & T Uem, o2
n|Fo] B o egEHe] wWiEH Ae A7t
el we} ghbee] nAE JgFe] A WHaEALS
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Fig. 2. Wind fields at 1,000 m on March 4th, 1995.

Case Wind Direction Period Wind Velocity Source Area
1 Northwesterly 1995.3. 4~3. 6 3m/sec I\Il<oor l;;ig::gp;%z};
2 Southwesterly 1996.7.19~7.21 3m/sec SIf) iﬁ;igsft,::;néggﬁ’a
3 Southeasterly 1996. 8. 10~8. 12 2m/sec Korean Peninsula,

Japan
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Case 2¢} Case 32] W ¥A<] FF2 7472 IAF
3 FEETLE Case 29 AFE FF AR
F-E], Case 39] - B o2 HE e 7]
2gEAe] FiE Aoz dAs & glew, HF
&2 Case29 7% 3mfsecy], Case 38] A=

2 m/fsec T}

3.2 Z8Y GuEA

2483 wWEdE T30 FEte] Tianjin,
Hebei, Shandong, Jiangsu, Shanghai % 57§ =]u}e))
249 S FEAZ A, R Mg, QAW
+ FALEE AN H4ASs ¥ FAHA
oy, FFe g ey, Ak A e A5
At S Aol 2 9UE TEARIL, B
Kyushu B-5-¢] 32 5le] 17]9] 2dU& Fof &
11708} e @ o2RE Fukso) n]2) = S 2
Aresdet.

A F= Fte] S ANE 2d=4Y &
%% (ton/km¥yr) & 7]1%22 ¥ 9, Shanghair}
629022 7} ¥ F5E vehdon, 0 952
Tianjin , Shandong XM} 2.2 Z+z} 21.248} 12.34 o]
Aot =, d7F wiEH (ton/yn) & 7]ELE By
Shandong X]¥le] 1,900 EC 2 7}AF Welowi,
Jiangsu R]¥}e] 1,020 %, Hebei x|H}lo] 900H =2
2 1 ggFelgdrh

ks A Azk EFHE 2dE3e] < (tonfyr)
< FARS ZEE AR FFE EgE 39
At A 7z 47178, 328H B0l 2, 2 I
o] A&, S E3hat A Hre = 270HES] 2
dEAS i3

3.2.1 SMB ot g

% 32 Case 1 7|7HE¢ B2AME A2 A 2A}
MA 34 F9] =4S el Shandong 2] Hbel A
Ed edEde] MuE AA ==z {44
F oAl e AX A8 EFA7IA] ol F
H BFE Bol|3 Qe BAL A2t FAlo) wiEd
2HEAEL 27 THYU EAMEE u= dE9
Kyushuz{¥} Jmol] 7}x] o] FEgl o, 1 o] Fo]
e eH=AEL T3 AToE vl ue
dEe) EEAHe R o]FHI &S ¢ F AU+
Fo| vH o] Fo = 2o A HEAE|

gh=to] 7| B eS| A] A 13 H A 3 3

JE FEAe] o] EAE: ol f= oln| A
Ho] o] oA o] F3kAl XIAE Bl Fro] #
= A3 7h7tolel $1A37] wEo vt

13 4% Shandongib=elA wW&Ho A 249E
Aol FIE wel EE o FHE Eug 74
gdhez B Aoz AE 1225 FTeA wiEd
2GEAE] AR 1232 FE& AEAYEH A
Fol AAH7) AR 2H5S
w, AFHE olFHE LHEAES B
ol AE 135%¢] 2w ®AF I Felql 3
kmol| 742] il REE HelFa Qo = A
Foll A o] FHE e dEA ] AFEH F2eA o F
Hy odEREG 3] ] o] FH: AE o
g e, e Az wiEd LHEAS VL
2B o, A3HdME A 133% A7 o
THe o AEY FToME AE 12558 =
= A HAZEA ol FE BgE £ 4 9+

¥ 5t usdel AzpdEeA 2dEAe
&= o] o]FEE EGE Ho|L HALE 7] W
EH4 L9EAEE 1¥ 3eMse} mhRiAE
27 FFQ BATL wel QB KyushuAupe
2 059 B4e ¥ 4 9lon, AR Bl AF
o2 Wgd weh JB EAAYSE oFHE ®
£2 & 5 U=

2% 6£ Hebei Aol wEE odEdEol
O FHZF AAY ¢S vkl Ao2A I
22N b ¥ AAFE BolT ek Y
AN BZoz oEshuA Y WAL pasie)
A ks o= AYmmhel o8 oz
S AAPe] A AL BT glom F
A2 wAUlEA asist dEYRe) o =g
o) F7beie

B 4% 2 290 METeln 29Eel @
o] A G el Aoz FFozyE
24E 9B BWE FYNS Axum
Tianjine] 28.5%, Hebeiz} 21.2%, Shandong o] 43.1%
2 3% Agoye FUH: wlEe e
W, ol BAb 7|7HE FEG] FAF WAL AF
o2 oF REAe] FA AXAAY) HEo
A,

E-3], Shandong#{H} e 2 REje] f¢i%d 39 »
A71ZE<t 6,693 822 sHF Wk ¢l Shan-

N
di
>



dongit=7} z]e]x o2 ghtxs) 7 7l7ke- A
o) AT, E4E oot NS B 7)o
Ao AAHAHQ #ol ol Folx7] wWELE Alad
=3

Jiangsu®} Shanghai® FE]e] §-giafe] AL o]
e T2 olF AWelr wEd 2gEAEE 2
AEE det AFE o)) Fau XY e
Z o] FHUY) w2l Aoz Alsdoh

AR FA] F 40 B 5 Q= ule) el B
2o g HE] A @2 FHo] deojup= A
L2 yelgten Fasioa egdEAe] wEs
t AT EHF 11%~42%7F FAHE Aoz
BAE G Fdgat mpakrlK 2 Shandong¥l 2.
FE egEA-e] HE A A g A U
dl, ol A ARG AA 23 HHE A
A ER FU9 o] wr) Wi Aoz s
o

koA o EAe] wMiEy A% A wF
F 15~69%7F AAEE Ho2 Vel o] map
7174 vigrel BAE FAZR Mg, AR
G4, FRA A wlEE 2gERe] B2 AN
£ BPon AAFE Mg, A7 AWl wjEEHs
75 1,5298¢] 39 9 HAH] A @S S
K=

o) 7125 F e oA Aoz e g
s el AAEE SO0 Aol 1,222E0|x
Fkx Yol A wiEEe] A HE SO8k0] 44208
22 TR AAFE 2%7F T A Adpe

Lotitude (Dag. N)

15 120 128 130 138
Longitude (Deg. E)

Fig. 3. SO, transport for 3 days from Shandong for
Case 1.
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Fig. 4. Vertical profile of SO, transported from Shan-
dong.

128
Longtude (Deg. E)

Fig. 5. SO, transport for 3 days from Chunnam for
Case 1.
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Fig. 6. Deposition contours from Hebei for Case 1.
EHE g U AR Asdd.
TR BAMF BAR YEoZNE 9 oL
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Table 4. SO, influx variation for different sources with prevailing winds from N.W.

Province Total Ifiow Deposition Air-Borne Quflow
Source Region or Emssion

Major City  (ton/3days) % ton % ton % ton % ton
1 Tianjin 1,973 285 562 32 63 6.3 124 18.9 373
2 Hebei 7,402 212 1,569 14 104 82 607 11.6 859
3 China Shandong 15,528 431 6,693 4.2 932 10.0 1,553 27.0 4,193
4 Jiangsu 8,382 162 1,358 1.1 117 1.9 159 12.8 1,073
5 Shanghai 3,205 2.0 64 0.2 6 0.4 13 1.4 45
6 Seoul 2,219 100 2,219 689 1,529 10.5 233 20.7 459
7 Teajon 1,724 100 1,724 60.3 1,040 11.0 190 287 495
8 Korea Kwangju 2,694 100 2,694 18.8 506 20.1 541 62.5 1,684
9 Pusan 3,873 100 3,873 27.9 1,091 14.2 550 58.4 2,262
10 Teagu 1,739 100 1,739 15.2 264 5.1 89 75.3 1,309
11 Japan Kyushu 889 0.0 0 0.0 0 0.0 0 0.0 0

Table 5. SO, influx variation for different sources with prevailing winds from S.W.
Province Total Iflow Deposition Air-Borne Quffow
Source Region or Emssion

Major City  (ton/3days) % ton % ton % ton % ton
1 Tianjin 1,973 0.7 14 0.0 0 0.7 14 0.0 0
2 Hebei 7,402 4.2 333 0.0 0 44 326 0.0 0
3 China Shandong 15,528 497 7,717 7.8 1,211 28.7 4,457 26.4 4,099
4 Jiangsu 8,382 379 3,177 5.1 427 122 1,023 20.6 1,727
5 Shanghai 3,205 352 1,128 34 109 49 157 26.9 862
6 Seoul 2,219 100 2,219 76.8 1,704 82 182 15.0 333
7 Teajon 1,724 100 1,724 74.5 1,284 7.8 134 17.7 305
8 Korea Kwangju 2,694 100 2,694 389 1,048 11.8 318 49.7 1,339
9 Pusan 3,873 100 3,873 464 1,797 7.1 275 46.8 1,813
10 Teagu 1,739 100 1,739 20.4 355 2.4 42 72.9 1,268
11 Japan Kyushu 889 0.0 0 0.0 0 0.0 0 0.0 0

3.2.2 MB0| ot g

Case 2 7|7Hg<2kE FAFo] FEFoglen, &
S5 74 29900AM Mg ededo] e
o Bl GEE vehld Aoz FRoaRey U
AE 29EH sk FY¥E ARy Shan-
donge}l 49.75%, Jiangsu 37.9%, Shanghai 35.2% =.
F2 dEAgeary $Use ulge Fakow,
3d R A7 7HE]Y SO, f-2 % Shandong 7,717E,
Jiangsu 3,177%, Shanghai 1,128 .22 Shandong*]
wrozRele] 408 9 felekel 714 wakeh o)
o] FAFY ¢ wkarbA] 2 Shandongyl=r}
A ALz shbxe} 713 7M7) dEeg AlsH
™, Case 2 7]7H5-9F Tianjin} Hebei |9} 2 Y E]
HEE HEAED T ol Fo2 o|FHe &

o5t

=]

Ry

g7\ nasaz) A 138 A3 5

uksel = W Qs 4 X3 Aoz Yehgo

A" g= Case 13} vpzb7}x) 2 Shandong¥be 2
FE edEAde] FUE AS HA MEFF 7.8%
7} gbse) A4He] Y Ee AT Bge
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Table 6. SO, influx variation for different sources with prevailing winds from S.E.

Province Total Iflow Deposition Air-Borne Quflow
Source Region or Emssion
Major City  (ton/3days) %o ton % ton % ton % ton
1 Tianjin 1,973 0.0 0 0.0 0 0.0 0 0.0 0
2 Hebei 7,402 0.0 0 0.0 0 0.0 0 0.0 0
3 China Shandong 15,528 0.0 0 0.0 0 0.0 0 0.0 0
4 Jiangsu 8,382 0.0 0 0.0 0 0.0 0 0.0 0
5 Shanghai 3,205 0.0 0 0.0 0 0.0 0 0.0 0
6 Seoul 2,219 100 2,219 38.1 845 20.4 453 40.0° 888
7 Teajon 1,724 100 1,724 342 590 18.9 326 44.5 767
8 Korea Kwangju 2,694 100 2,694 21.6 582 18.5 498 57.2 1,541
9 Pusan 3,873 100 3,873 604 2,339 24.9 964 14.7 569
10 Teagu 1,739 100 1,739 63.0 1,096 29.3 510 7.6 132
11 Japan Kyushu 889 43.7 388 14.1 125 24.5 218 5.1 45
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