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THEFHERBEZRMEHLBR AR

BRIET
BYaBABARBBR

(b RE\ IO = 47 B I P RBIATI4E AR + 5 B 2 6)

i =B

ZRADEEHBACBYE HEEHERTHORIURENIZE - To— @ THEHBREER, WES

AR LB o sE A R BRI B W R R R AR R RS - T DABER R &

BHERIOR - BAREHREBEN 2L EARANRY) - 72755 & 8T E R RRA K IF

- FEHBRERTT UMY R LRSI 2 YRR c M2 BUEREKES R BEKkE
HLURM ok S AL 0 T A B R LR 2 W R WIB AR - RITE T URBART -

L4 — 9 LAy 22 ) B (L B 2 SR T VR B SBT3 B ek 22 8 o SO B9 B BRS04 81
HBKABERBCERARE B NHs 8 MR A 49— £ “ @848 - M H CO2 i R B8R ALK E
AfERAE - 5H— kSRR RA I FHEURTESO # RS B 38R b - ok 18 [k K e B e Ak 119 8RS
R — % R o R R R KA BUNE - AR kMK > B SO MR R HEENRE -
HEARUBEREANKECENMNEEEE AR  HEEE - PHORE -

WA RER - B RBERECK ~ (LB W - A HRHEY

—H 35

ST (R AR R T 7 S R TR (LR - — s R
AT 5 58 2 O PR R A0 R REIRLAE 082 (K0 50 2 7 9 A2 5% PUSE T (Hogg, 1985; Lamb et al.,
1987) » P TE (LA MI 250 0 1 AR R SURI B P 2T » R AF S (LB L B A B TS - S
S I R O B L R T -

£ ST St R YD 22 SR S ZH SR ARG BB AR T S E A SRR 0 BN VB R R SR T B
{LRYVHZ RIEMAEGR D R B R A R E RN R - LT S MR A E o BARRMEY
B 2HA R AR EA - B SEE MR E A 8 Ry 22 A (L 22 53 8 (fractionation) #y
BOR - HET P T 2 BRSO SE T R HS KSR AL B Y B Y S B
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i 3 1) R SR B, 3 LA G B [l H e /K T2 SR R B o el S ik 2 S ok FB B 3 e A b B2 M SR P W fe
HEEHREGETR IR ERREARRIER S - SRR AR KIS P8 (41 Giorgi
and Chameides, 1986 ; Walcek and Taylor, 1986 ; Trembly and Leighton, 1986 ; K Niewiadomski,
1989 ) - i i@ K vk RE R W H F th H ZES T vk e {2 (41 Chang et al., 1987 ; K Taylor, 1989) -
Easter and Luecken (1988) & 7 H &R P in A T e (HNO3) e vk b 3R i < W EA » (HBNRE T
P HMEENME(LREYE - Cho et al. (1989) & #2458 5 Hh ) IR BR A M — R A MR - i
Y b v B A SR R A 1 5 2 R R vk P 58 2 BRBR S vk A O TR (R R T R R R R A
TRER AR RE TR BIE A 377 B 2 5 - Q01 K Y 722 52 ROUK 35 SR VT B3 AT 1] B 2 R 3 AT 3 R B
R vk ERY W B S AL B AR -

EEBE AT S Lamb and Blumenstein (1987) g Iribarne and Pyshnov (1988) ( i#%
SRS LB SIP ) WHJE T REEAEMANSERE (riming) SRS - [R50 T VA B R B R vk _E g
& - Clapsaddle and Lamb (1989) k; Valdez et al. (1989) (H#%9HIfSEfE A CLEAVDB ) R T
& T o B SRS E VK SR T A B B o 35 2659 (retaintion) K U (sorption) 1 A i) B B 4 155 vk
FIRER BB R 2B R T — B TTRRK -

PR DR G /N B B T R 22 P RORE > SR A RORBE B 2 BRAR S o 6 iR 53 — R K 4 B v A
B4 - NHBAEE R BN 52 0 Y BE B Ak S2 8 1 Py 428 o1 ) VR B e A S N2 3 » JEDAAE — AR
LR P GE T BB tE - AR EARRER 2REX P TFRHERRE T USSR -
Giorgi and Chameides (1985) 8 #F — &b B R, Jr A — &k 2 ¥ (first-order parameterization) 2 §%
AR R (rainout) ¥ 5 1 F P SR B 2K I VA R B+ K KSR Hh (Ut SR B B R BR 453K (rainout
frequency) T 42 B2 [ RS SR T2 B8 o H R AT A Y5 8 Lamb and Chen (1990) s " fH¥ R
Bx383R | (relative removal efficiency) RYXEIAEE o A SCZEfHE L6 8078 » 30 FE P BT B0 S48 RF vk T8
{LETFL2H1L » AR R EENETHE -

F HEBRMENEE

ZRAWE " EE ) SRS - HrhE K SR EERE LAY R E B B B R T 0 B ER
M~ Bk EMEHER - R > 2@ msiia b 2YER MR EENERKIERM » It
W58 IR 7K — [ B A SR = SR I /K T 22 Mt Y9 5T 0 R A A B B ST X A TS SRR, - DRI BB 8 SR 9 i
R WA 1 AR BB S =R BT © AR (inflow) ~ HZ2 3 (outflow) B L% U (deposition)
° NEFHKREACEWEHAZRML - BUSHEM )RR I GEmS > AR RLE
TRBOURE B - A R R B B R 2048 50 — B AR 4% S L B E A R IT AL -
FroAZn 1A 5o E o ZERRERREGET ) B R REOYHE R AL SSE12 A iE -

EOKBAAE BN - SR E & DU E L BUHE ABERS /K © Engelmann (1971) AT i
VR - HE B0 REK & R A D BREBR S AL 2 (L B o Junge (1963, p. 291) DIEEAHY
BRI GHRE MRS S e KRt L] (AL B8 - [ ATh-K) FESEHFEA
WA R (B 0 BH -1 /HH-225) BRIEH
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PR

TR

B REEREERRE () RMERE (6) R EE -

f]=Wi-n xn; o (1)

b (] B n BB GR I LU GRS W, B30 8% Engelmann (1971) #&# " BEBREL | (washout ratio) »
ik R HE B R T IEBREL 4 (scavenging ratio) - R LIRS B R MR E LR Y EH A BERIEE (
i Engelmann, 1971, 1988 : Gatz, 1977 ; Scott, 1981 : Barrie, 1985 : Davidson et al., 1987 | k&
Wolff et al., 1987) -

HEARRNZRESERANRELETHFEBEESIN  EERRILARFEERESE - #t6
AZTNB DE#IFEEM  RMERAASECEs BT RAZRATSERAKNERE - HiE
fEiE L L2 BB HRYN  EMLERE BRI BYEAE > MIEEBROFRER
ML - DX AR 39 [ SR B T 9 A8 B 3K (removal efficiency) g LI » 08 T 76 B SR W B AE Y
WGt 2 1t S — (B AH S A9 B & - Meszaros and Szentimrei (1985) @ LISAER 2 EWE - (h5TERH
FramEs LSS R - RAEEEAR > WEFFAYENERILOEEERTRS— "TEL
K% s (enrichment factor) » R MIEMRBRAFHE & - M LEMITHRIIRTCRIR T T %
BEAMCERB TR AR A (LRSS R ( Marwitz, 1974 5 Scott, 1982) - @ fE @&
LRBMB ST R ERR AR P AR I RAEEMOEHERRLRER  SREREHR
1t -

Engelmann (1988) /48 T — 6464 LS & (L BIMANR - (HEE KRB 2SS WEN TE k(L
K BRLE ;) (normalized scavenging ratio) - iEfE{F A HAFK(EIE @ BB /KREERBKREERSS
 WEHEALRYE SORDURE R R o A0 75 [F R 3 % F L 229 B 5 R B VR I R R A L e s
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(e it T BB A E 2 E R RER B — Rt & - LB R A EEE T ER

1L 52 5 B SR SR PR BR B R P (A IR AR ST T BRI AR -

R 6] S n A BB THERE > (1) N AERIEW. B REE- 2R/ AF-7k - Lamb
and Chen (1990) AN B EH —HEMEMH T BRME | (removal efficiency) E; :

b (2)

Hprv BERPEEKNER (AFH-K/EH-ER) - i GER TS CRBEWE K (2) X
[ RS i Rk (H.0) 18 " AR R % =R | (relative removal efficiency) :

B _ v _ /0] _ 3)
Ew,o  [HO]-v/nm,o  mifnmeo 0 °

28 e; B2 Engelmann (1988) 9 " HfB{L kR, RERKNER - BAWE HBBRRARZ
R K BEEIRD KRR - BKGEM AR EMERE TR K (REBRER) KA
SHHEABYE - ARKREPHEERS » (3) 4 [H20] ~ 55.6 mol/L - WHE—HE - i
n; R np0 BAZRERPTHENRBRE - FIURBAEXRE ERKPORE  F9E
SIAHE R ER B R e, o 5B O TE K TP AT R B R 32 R b i Bl R (L B B R BT 22 660 - DU M8
QL) 6 AE 9 8 B S TR HE P R VR B B0 5 > R S8 v SR B 5% {58 8 1 20 42 ol S B A R /K T
BEPE -

= BREMER—XEEIL

Giorgi and Chameides (1985) 2 1 T 1& & 3 (wet removal rate) R; By —R 281, :
Ri(2) = ni(2) - ki(z) (4)

Hohing(z) Boki(z) B3 005 SR 08 0 FE 0 B = o2 WA B B W BRRR (rainout frequency; BLAZF5s™1) o 14
R " REERAER ) A TRERER  FRRFR T REREK - XOWEEZ - ERPEAY
YR ER R e B H A 22 A P AR B AR IE L > T E LB AT R BRAR « AT R (4) s 2
ZEURAES - BT REMBRERR > RTHEMEMBRBNRE - W/ARHBENSERET
HERMERER - AESHE® ARG EWERE - REBRAIEZESE - ERERBONRAR
WARITE - MARKZEEME(CBYEEREBRNSE  EMNRARLHITRHAMRLE
YR A K T BV R B B [ N SR ] 2 W RS S TORAS - BN EBERRE - RASREAFEE 2
(ST > R EFENECREYEEKPEREETEINRRE -

FEEIPI: SR ECEIPSIR {ﬂﬁlﬁﬁﬂs%%E?ﬁl‘%$ﬁ’ﬂtb%ﬁéﬂt:%§?’£%*'437’5%?!’:)58’\]1:[: o BAIK

B2FEYEH » LEBEATRRE R .
i _ 1
RHZO - [HQO]

(5)
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EH (4) B2 (5) BT 15985 « /) R bR S 3R B /K PO R BRSEER ) 1L

ki [/
ky,0  [H20]/nu,0

(6)

SEfE L (EEE (3) 52 2 AHIE - # Giorgi and Chameides (1985) (1) — 7k 22§ 84 Engelmann (1988) [y
AL W B b B Lamb and Chen (1990) S B ER SRR & — 5 - it () AP EWE (W
R A =R BT RT 2 15 8 R R Ay — {130 6 B g

ki =kn,0-¢i o (7)

FR S IR R AR A R ] B BT B B R [ U » 93 8 K R R R (4R — I S M (transient
effect) o BRI FERE A (4) B (7) ABFLERE R ¢ KRR 0 RERE R 36 R FHRF R 2 5 i A 18 1
B e R 258 ) IBRSER ke > LA I B ks AE (R A BF R IR BR N FE AR M B L, £
- KRB AR PR R R SRR Rl LB IEF /5 45 > W28 Giiorgi and Chameides (1985) 3 iy 3R B

aoniFrat » (6) A thni Knu,o BATHIEK 2 HERERX PEE R - Fr A ERBCERI
AHE L ARAEESEYEAK DR ] - R85 FE # (Henry'’s Law) -

[]=P - H =n Py H | (8)

Hn BR/EEERE T RSB - I BBENFHFEER (B 828 /ATF-Kk/
HE 5 28 Seinfeld » 1986 » FEFAEL) » M Pair BARME (BLL - HIH) - FE—HARM > AIE
WYE R (RREBIE R RIBE D) TTRE

n; = nfq + [’L] C VL s (9)

Hov, BERPWEKNEER (AF-K/EH-28) - L O)HEA/ B2 EFERECR
= WKV T RBYTLARR I - ST EMERARNEEHEERARCFEERESAEINZ
A RRTE 100pm PUR 2 2 - HAEREEH S REOER M E MM EINZ A MAEL mm
R TR o PN AR SR (R IR R WO AE 100 ) i 3 o (R N ER TR ER B 4 5 R AR 15 4
B R A5 o8] SR P R S 5 W PR I FE 1B 2 1 (28 K Seinfeld, 1986, p. 262; Chen, 1992, p. 186) o #4Tfij ¥
BEZWRBIRENS  FHRPHEZBEAEBRAKXWRZ - BB R (9) » {LLYWEIEK
HH R B B T 5 B

qo_ - -Pa.ir : H-L* :
[l = m o (10)
i FE R BR R R R B .
- nH,0 Pair'Hi (11)

T H0] (4w Pu-HY)

I 2 P MOK B np0 ~ WG /K Lt v R BOVE SRR HY Frk g -
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DUF RIS SRR B Ea E Bon il - SEFERA —BRNERS > 58
MERB B PER - AR —EEH ERMERMNH; (0.5 ppbv) ~ SOz (10 ppbv) ~ CO2
(350 ppmv) LA K /KR (5 g/ke) IS BH B i (10°C ~ 1000 hPa) fEB#L EF - 3 ppbv BH{ESZ
— W88 % (parts per billion by volume) » ppmv £ 5 & 4> 2 — 3874 (parts per million by volume)
c TEBCBE K S L - R RMIG IR AETIRTE » M2 ERAIKRATERS R REK - MERR
W [EE A KR M HE R AR BB R F R % - MRS KANRBERRB S R E R
H) & 1= FIH O e 7 43 i 3 (2R, Chen and Crutzen, 1994 ) RKEHHE - BT HWERY
TEREFRERPIFERRET -

[ 2 ES AR AT 5 75 R R REK & BT RIS RSB R (HLAR > 22 B ) RopHE (4R > 4
BERR) - MEEZEEKSRABEESENES NN AS RS ERIN - B
TN SR RERERIZME  RERRELESBZRG - WEER » € KRR T
CRUIREEE PR R (NHs) S BRAT R BB KB RIER - BHAAEERRER & R
- EEREE  KMHESANEERE - R REK S ER > SREXNID FEEEKS » Bl
FEES 2 7K It S B B3 0 » BB AR B R SBR R FOR K« el A7 S fth e 1 SR B O R AR Bt v A
Kt G pHEZFWHRE - EEERET » FIENERMKREFEREE » DBAEH R
BB > RRWE FF L 100%KBRBER - SO, REAF MR B REVEHE - BRRR
FEFE SR pHERS - 8 TR RS8R - 8550 Kkh & 2EEHRE (26
Seinfeld, 1986 - B E © REBVIHIHIEER) QI T REBAEEE - TEERBREKS B > SO,
RORS BR B R W] K i 10 £ - {BAEWRE/K & BRI - S805E R A SR 1) B O F Wi R 1K~ Bt SO
RIAE ST RS PR R th R (R T W A 1 > EERER L o TERREHIRS T » SO2 WyFHEH 1S bR R IR FE

En,

S
N

Relative Removal Efficiency

€co,

0.001] 0.01 0.1 |
Liquid Water Content, g/kg

B2 AHBRER SR (/8RR ) K pH B (A #EEE AR ) B Ve Rl 7k & Bt (HREEAR) 2
1L - Ho AR R AR > MRS pHHE -
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A1 o CO RIR BB MAT M E RAI A AR R - PR RBOKRAT 5 BEEAR - HJHEMARK K
REpHE (AW HEZHBBAR) JTEEME COMIRHBIRMRBTN ] - EHEBHREES
YR RITERE - SO2 5 COo WURE BRI & B MoK - DI ERIERRER I T K& P 1L
BYIE SRR T Z K PRI BEESN  HEAEZRS “HERKR" vai
G - ER > RRPCEYWERRRNVEH SR EFELREKEREEEME - KNEZHY
BB - B AR B BRER BRI M (1) A -

el 3 5 b 2 U WU - BREHE S U & MR R IR MEASIRIE T BB ERBE & M
sl o & MR AR YRR 2RI - #3225 CO2 (Poo, = 700 ppmv) Z AR -
SR G 38 0 NHs (AR R ER R > 3K CO2 A5 K SO, Y FHB B ER B K - (BT EEHy LI A
Ko BN Z N - W pH EKSERIEN » #97E0.1% 47 - B 3b B 245502 (Pso, = 20 ppbv)
ZARBL - BB HE 2 5 CO Bl HIEWRAE KRGS - HE NH; & SO K S HIHE K
[ 8 S ] 5 i A 5t 30% WO S4B+ T ¥ COo th T30 10% By B - pHIERYE(LRIKH 2% ~ 5% -
1IN CO; p SO, FEFe M WE & i pHH K - HBOR T ATE B E AR BB RSB IRIE
DUK i M B RO AR B R BR BRI 0 [ROZ AN 3c P » 3@ A0 NHs 2 #itE ) 8H & o pH {H 7
= AR R M B AR AR R AR o G RERR M ) B AR AR BR AR - Phge B 3b SH ] 3¢
FIFEH, - 32400.5 ppbv 19 NHs #8218 111 10 ppbv 8y SO, A IEYBURAHE » M58 /i # DGR M 5
18 CO, it BRI AR » BURIE =T R B /K PR A Rl (L 582 {4 8 R AR 7 (buffering) 3R -

_LUERIEI TR B 2 0 (L B 0 AR SE AR SRR X B B ) SRR 4R A G B o T % R S R R B
B3 5y 5 R B B T LUSE LB S AR 03 B AR SRR R o L RIS R 2 AE & AU TSR AR R H AR X
HERBRBERZETE o AT DL 8 51 U7 R S b B A SR L - USRI SRR B
EHATR BN ERAREASTERPIAZN - 8 3) N H a0 Kons 7T HH M T P 3I1S 59 7K 5
Fe i SR R YR 2 AR 5% o T o 4 1A S R 840 T T R4S O B K TR RS R T TR — S - i (3) =
By (o] BT LA K UL B B R R BE (RS » XA [(Ho O] B — B ROREE R AR — B T H
T P 1 St T 98 T 8 PT ER AR M B PR R R e -

{B2:7E LA Shimshock and de Pena (1986) 7 -t 3% 3t Wi F {5040 3 1 85 0 0 46 4B G A 93 AT IR > 71T
S35 NHy A $ R BR R SR PRl 2 R DUR HAth — S S BT (A ERBEIRNFE) E4E
FAE LN L o 38 (8 22 R EUR PUF A SR U R AR AL IR ) NHa (2 AR 7K o FIFS v 48 L S W [
AT BE B e Rl e R BISETE kS AR TR ERZER IR PR LR > ALl
Shimshock and de Pena (1986) Fr il #5 BFIRY 7K 1R v fER BB VK BE AR R i & A A BI &, - #fy Giorgi
and Chameides (1985) it /M { B MG B IR R 2 WAL A+ 358 % - BRZ B KGR EE -

C KRR EBRERAZHIE
S S B 2 B vk R BT B LS BRI B oK R P BGPTSR R R A2 2 ML 5 IR

LTt 2 WA o ANEITHE A S KRB L BB A TR B M 2 L - DURIG £ U7 ek R
EUKTHATRER S -
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1.01

0.99

0.98

1.5

0.5

1.5

0.5

B3 FEH PO 2 E A K B (base case) Z BURBEWIE - BaB (5 CO, » HbE
550, > BB 5 NHy i B o FRAR K AR & 5510 B R ER R K pH

BIA=HE TR

a. 2xCO,

ENH;

0.001 0.01 0.1 Ty
b. 2xS0O,
8NH3
........................................... L TTm——
H
8COZ
€50,
0.001 0.01 01 1
c. 2xNH,
8302

0.001

{HELE 2 P{EHZ I -

001
Liquid Water Content, g/kg

0.1

1
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vk EEA LB I REAE ¢ (—) KR EERSHI KR (depositional growth) » K (=) I
S 38 5 7K T A VA B B R (riming)  FE vk S BEK RBERS IR R AR T » $ 8 56 B T AR ER IR B 4
(soprtion) i A vk « VDB @R 1E -15 °C T vk st 87K SBE R AR R A [R1RF SO MBS /6 R - At
ISR S(IV) (ENSO, BEHATAMET ) 7R RS vk rh A B RE W] 82 S(IV) 7£ 0 °C F ¥R RE K 1 B IR BEAH
o S(IV) ERBKPTRIRETRE

[SAV)]L =[SOz - H,0] + [HSO3] +[SO37] & (12)

TE—BR B T pH B3 E 618 » AL HSIV) FEM A P R — R 53 8 [HSOF | M HAZETE »
Fft LLS(IV) fy 7 18 B BT U1 {BL 55 (Barrie, 1978)

SAV)L = VH, Ky Pso, . (13)

oo H, B Kis J2 SO #9513 W — 53 B3 B » T Poo, 52 SO2 MU EE 5 B - IR LB E R
(van’t Hoff) A3 » —RAYPERFHE B K ERET CBLTRE

Ah, 1 1
K(T) = K(Th) 'exp['l,—%"(T—1 - T)] ) (14)
AP AMBKER  RESEERBEE M 2—-2F 0K - KRAXTIIUELCRERE
TH [ =, (Arrhenius forms)

—Ah o —Ah
R-T] =K -exp[R.T] ,

K(T) = K(Ti) -expln] -exa] (15)

R-

HK° = K(Ty)exp[Ah/R- TN B—H B (—MUT = 298 KRB H I\ KE) - A > Ho K
Kls ﬂi%ﬁ»]

~Ahg,
= °. = 1
Hs = Hy - exp( 7T ) (16)
—Ahg,
= o, e 1
K, = Ky, - exp( 7T ) (17)

Hrp HS = 3492 X 107°M atm™! » Ky =1T712X 107° M ; fiAhy, =-2.594 X 10* J mol™! + K
Ahg,, = -1.630 X 10* J mol™! (Maahs,1982) 43 71| £ v % B K2 4> i 24 - fR8 VDB U455 » S(IV)
FEBERS vk IR AR 5

Ahg, + Ahg,,

[SIV)]p = VH? - K}, - Pso, -exp(—w) )
=0.2820 M atm~"/2 - \/Pso, (18)

H T, = 273.15 K - 4 (18) Sy RE/K Th e BE (13) #HLL - W %E 3 — R R 7 (sorption factor) £3
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_ 8V _ 8
T

fS(IV),sor = m = exp( ) ) (19)

Hrha =1.202 X 104 » 3 =-2.566 X 103 K -

FH¥T S VDB 78 B — 8 B T Uk R B A U B o i 9 CLZEAS [A) R RE T 8 vk i 7E Bk
KA HTEIE R FOIR TG T RIUE I A - M FT38 BRS(IV) 7E B4 vk WP B 3R BE AN B8R Pso, IR TR AR
B BRBEEHE - HHETBRER TR TE TR

6
[S(Iv)]D =7 GXP(T) Y/ P502 ) (20)
Hifiy = 8.0 X 108 M atm™1/2 i § = -6.06 X 103 K « FL05 it B 7 I 7T 53 155

(Vv , /
fS(IV),sor = % = 'exp(%) ) (21)

Hrho! =3.41 X 101 § = -8.627 x 10° K - fizh s (19) 3 (21) 5% » 33 M B F 82 pH =, Pso,
SE {1 2 R RO ERYY - {H VDB (L —EREETER) S1CLy PR (PkabJERERIE) &8
FCRUEE o AL o A A SR o HIN O 4 T FE 30 B 1E vk & b B R B FF A (Huebert e al.,
1982) -

WSS RS - KA AT S VA E R E AR B PR P vk Sk i 2 4 2 (Gross, 1968) - #Xifij Iribarne
‘et al. (1983) » LB » DAKIP S » 1055 Z MUK pR CWANS ) 50 A% o 8 i 7 i vk o il 488 LK 4
B ARG B G FE P IR 5o WS 76 W N RO R B SR S BN S R ER B vk At - 1B S8 SR M B ER 0 B (AR
AT R 51 4 B 7 vk S R AR P B M S BB A (BT T R0 P S T 2R A B 388 T 482 A8 K 14 348 3 81 1 ok
A o SE{EREEE Y (retaintion) B & A (entrapment) - IP ¥ EER /R HCl » HNO; » NH; 5%
Ho O 72 MR BRAS B AR AR G R LE vk AN 5 T SO ABE vk A - [BREHERREEE - T
i# LB RIj$E H SO, b ARy B SR R 1381 BE (supercooling) AT(=T —To) BRIEL » i fE ARy LB H
T 0 CHFHY 1% 32 5% -20 "CRFR 14% - i 798 45 5 DAIBI B 53 47 3258 5% LA T 89 B AR F (entrapment

factor)

_ [SIV)]r _
fsavyent = SOV =% AT +b (22)

b [S(IV)]r 55 S(IV) FEMA K HE I - fija = (5.8 +£0.5) X 1073 K1 » b= (1.2£0.6) X 10~2 -
Lamb and Chen (1990) @ LLig IP K LB R - B FTHHHE R RBERGERENER - &3
b R R L (R A R I SR AR ST S AR ER vk (E R N RO AR R R R KRN E 0 T
VKAE 7K H B R R S 3R B DK 2 B g U O St 4 B R IE b (Chen, 1992, pp. 57-61) = fiff A LB # #5 SR B 7Y
SHE -

LA b &1 1t B el SR ORI 7k L B4 B P B 52 1L B AR o K Y BTG i 12 - PR P i (L 2R
YIRTEE TP B R W R E I R B & E B8 (Cho et al., 1989) » fEH A
e 7K AU IR R IR RS AR 1 2 WL - FEFT G P B B 1L B2 2 o3 - R ERT P A I B Rl 2R (19)
(21) R (22) BB E T Fr R AL 2R 22 1 -
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A~ RRRBRH BRI

BN R K FEUFE 53 B W& (liquid drop) ~ WAVK (rime ice) - LA Ky #E# vk (depositional ice) = 3F ¥
(O ACERRTHRHBATHRES

n; = nf-q + [’L]L s+ [l]R " VR + [1,][) - Up , (23)

HAPFEEL ~ R - DORIARRIEE - wAvk ~ DIREEREVK - 1 EETRES anLUE /R - #Aok DA R
BERS Kk NAL M E O RE T RRR

] ['L]R = ['L]L “fient (24)

[1]D = [1]L : f‘i,sor ’ (25)

H fient B fisor 53 BIRPVE i IR A BB R F » SUEM (10) Xz 3 - WEH (FER K PRI
FERTH

ni'Pair'Hf.(
. i 26
[l 1+ fi-vr- Py - Hf (26)
Hd
fz' = (qL + fi,ent “qRr + .fi,sor ’ QD) y (27)

EH 2P RES 0 (10) B (11) # I8 #8 (mixed-phase) S EWIE F » vr = v + vr + vp B EEEE K B
' fiqu = vu/vr 0 qr = vR/vT * qp = vp /T B R FEEERE KL B LEER - 1 (26) fRA (24) &
(25) B A SR W08« T WA Uk B ER A5 vk R BB 1 -
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The Selective Filtration of Trace Chemicals by Clouds

and the Relative Removal Efficiency

Jen-Ping Chen

Department of Atmospheric Sciences
National Taiwan University

ABSTRACT

The filtration of atmospheric trace chemicals by clouds can be described with the concept
of "relative removal efficiency.” By taking water as a reference species, this parameter makes a
relative comparison of the wet removal rates of various trace species. Due to the cancellation of
the macroscopic controlling factors during such a comparison, the relative removal efficiency can be
represented directly by the microscale parameters and is thus quite useful for the parameterization
of wet deposition processes in large-scale models. With the consideration of different precipitation
forms, the relative removal efficiency can be represented by two types of parameters. The chemical
parameters are the aqueous-phase solubility, sorption factor, and entrapment factor, whereas their
corresponding microphysical parameters are the liquid water, depositional ice, and rime ice fractions.

A simple cloud-chemistry model has been employed to study the aqueous phase removal effi-
ciencies. It is shown that the removal of SO, by aqueous phase precipitation can be as effectively
as that of water. For NHj3 the removal efficiency is about one to two orders of magnitude higher;
whereas for CO, the removal efficiency is about five orders of magnitude lower. Another model is
used to simulate the removal of SO, by an ice particle, which is allowed to acquire water mass and
trace chemicals during its growth by vapor deposition and riming. The model calculations show
that the removal efficiency of SO, by ice-phase precipitation is about one to two orders of magni-
tude less than that by aqueous-phase precipitation. Also, the ice-phase removal efficiency depends
significantly on temperature and on the type of condensate (depositional ice or rime ice). However,
our present knowledge on ice-phase chemistry is still inadequate and requires further study.

Key words : Wet removal, Relative removal efficiency, Chemical fractionation, Sorption, En-
trapment, Riming.



