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BB, EYR[ER, UAEFEREZRENDLRBERSSE. K, BBRES
BE—-FERESAREXEEESERA: F—HEEESREREKER (0.1~
1.0 um) FREEH) 25%0~50%, TREBEASERN KHBBEFNEMELR; B HR
BSBRGE T K, TEBRBIENZESZ, BB SBROR EFEEFER
MRESER, BRI, RBRRSERS AN EERRESRTHA
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ARSTIRE SRESEEANBHEEF SRR, BAXMIY, AETE—CRE
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FEE—ERAREN, FHWEZS Rk, X THBRES I ST 58:8 MR LS R 2 6
FREE—ENZERY, BRBEX L —SRANTR.

PENTE, BIRFERE SRR 8055 58 XSRS M TIEF RBR D, 4
A 2R PTHITHX 7 H MR T, 3L BE TG FIH AGCM R
68 T HBE I R AE L S B A B BB R a . A SO TR RS 1,
B X FEREL S BB AT R T B X LU M4, K BR BRER S S R R B ) A B o IR 2 e
REYEH R BTRKRALIRETESER GOALS 4.0 1, BEEKEXE FEE
DESRBFEL (MPD (L HR BRI SR =0, RS0 HA BT AR
L EBUTE TR A BOE RS RE, TR T A RSB ER T REIRE
RIE. WXREEWLHNT . BAMKBMAT GOALS 4. 0 ERMWEARRES, REN
R R MR BREL S I RO R SRR, TR TR B OR8] Be s (R B ALARIE, BE X
BRI SRR L A B BB S IRE L T VR4t , BUS R B AITE.

2 BAEN

LI — RS HESERSHEN GOALS 4.0 £H 9 E KK, 20 2. 32
LA 1 BHEBARMOY, b RS (AGCM) £ 9 2 15 BRI R
(R15L9), /KEFHBMLYT 7.5° (BFE) X5.5° (&E), BEHEFTMANRLESZ,
BRI AR ER SR EU A SN E LR, BEXFNEH T RRAAT
EYMERRI KRR b SRR KA BRI, EERKSEATE HO,
CO,, Os, CH, MIN O, #3512 MK, W54 KB 74, FERAZ
WA ET BRI, BHERA Toon E MM =X AMBEN “REREHEAR, B
RS ERY . B RPE SR RN B A, MR ME TS (OGCM)
R—IEFREFEN 20 BERBFAEARER (ML20), HAKFESHEER S (BF)
X4 (HE), BEFMA 20 B, B AWM 5 RBIE I £ BRI Gates Al Nel-
son"'S I 1 X1°BER =AY, BERERE A FRAT o 4%, UERNLEARERE
RENGRHIE . BEIEERR MR R AEERTY ) WEMKREMES
FBEMABERETHEATR (MMFAM,
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BRBREL A BC B B #5800 2 168 Ao P8 S A B 6 S T ey AR A R b R e A T
LhEd R R MAERLH. — BT E, IMEELTHE = ERBE, B,
BRERER BT KRR S 0 R T AR A3t 56—, BB SRR s KBRS
RUBLRL AT LAZIEATT; SR =, BRBELERTB MM BSREE THE. SR
SE R TR Y B BR R IR R RSL 1Y, T JE —/MBUE 218 BT S B B RS R A
2026%7, X RFEMEAAEEEFE R, NTSBEENEEEME. £3CR
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7E GOALS MABSHERF, K—RA¥ERE. BB R BRMANREFH
BR RSP AR WRSER. SBERNES Y DETS Mie 8B B3],
Mie HATHIE BRIEBER FAREMAIR T, BB FROGEE RIESH, Mt
BRFRBHTE. BAT7ZELRRN AR, —RICHEREE B BB F Y4/ kAL
H, MABRAEESE (—REERHED TERRTHARRINEK. B
FREBBHREITHR, —BRRHI m=m, —im;, HHPm, Fim, 53502 IT5HEEN L
FABE . BIRIE BT BUH R EE S AT K/, MBI Ke, R,
RS S . BRMBRESEBRRE TR (B, 20X o8 4.2), 7K
K/ANF 2 pm BF, BEAR/D; MEFERELD 2 pm BF, BIPREEM; HEKKT 3 pm
B, BEAEMEETHIRER. XEAERERS, WRDSEBR FR8ESTE
FARRTEGR, TIREERT: ERERS, KRk RAT R, £4AE R 28
#
EREEHRT, MRESEBERAEFRES A —BRANPIESS /. X, 7
EHRLT AR R JUARCRU RE A A GBS T, ST AR A Mie BB K3t
BREBEHEMNSE, S/ EHEARED R, ARENEBEEANATHRET.
AXHBRBESBERAE N, S RENESE . BREH R BRAARXHRE
T, FEREEE (9, 10] MBS R ISH NCAR/CCM3 ffE mfE 2= (B
D, Ho, FEHLEABFEERH T CCM3 WBUE, KBS R BRAAR N HEF
R A Wiscombel™ ) Mie BSHTEMER. HE 1 TR, REESHERNREEEER
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SR KA REAEE, 7£0.3 pm BIF, REWMRECIMN 10; FEEK MM,
ARBEAZBBABEF, 761 pm DL, REFEREUM 1. BKEBS K BRKE
BN, FEEK/NT 1 pm by, HEHETF 1, GREUN, HBESERAERNTT R
BORIERMAy . AXFRE TR AR K MBEA R 2R TROB/E ., &R
BRESHBRBHSEE R (9] WERERET 1 um UAMRBELERBHBUE,
R [9] MEMBRTA., AXMESEERERE, EEMAEHRBRES BRI
BERROL T, BIANZEASSCRT A9 MPI A6 240 AR =N HIRY 1990 SERIEREL S ISR AU
Ty XFFEER ARG R RE RAEAREaMEA R 0.1 Wm™, FHits)5
T BT KRR R A LR 8 T, URERBRIR BRI S R TN,

4 MEBERSBRHIRE

MR SF BRI FEE S ESSEMRF (MPD (¥ %EER (CTMs)
MR RS, HAREERE: E— PN REREIER T, SRFER ECHAM4
WRZEA T RERELR ., FIRELSRURBMMeED R, EXWOTRE BRSNS
CHER (DMS) fIZE4LH (SO MUREMMMELLE (SO ), FETHEE. 1
AESEAEYFENHRL —H 2R (DMS) BB, TRETFIEEREN XL,
A W R GE LA BAL A BB B I HETCL SO, RITER B, P, EHY BN K
A R JT R SK AR, BAMTE N TIRER RBKE (WY TFHELL E 30
m) WERERE, UIREREPKETHRAAES 0 SO, 5 SO7) MUKRMEIRA (K.
K. FETEBHD . 1 SO, 8 SO~ MEKFERRIERBAEKEEEXRITE.

AR M T RAERNN S ZARE FLUUT&#ME: XF 1860, 1870, -,
1970 AR Orn ZP MG 3T 1980 46 Spiro F LR WixtT 1990,
2000, -, 2050 ENMIGHH 1S92a MIHEBUIE Rt . 43CLL 1990 £ M A W BREL S VA ek
ritie.

& 2a fi il (UEABREERR) RRESKBEREBRESGLHERS M. o
LIESR, @FESNHEMKESL, 5N FIERNFETIVR, HFERTE
HWXEERK, HOERBR 8 pgm™, FEREALHMXEE/N, HKEE, HIMERH
XK. FEWETELL AR WARE B — & WEEF G, TR BRI H X A X
EREE VR — /T 0.5 pg m™°, A BIWZE (30 hPa (B 2b)), 2MA4AH RIS
BENGHAE, BRXEMTHREZILEER N EHFXE, BHERESHRKER
AN BEETE, EXTEMNRBRLSBRAEEEE/D, RHRRLESEREESL
PR EBUEN KR, HEFHRENSG E—8FESA (B3 ATUEEENR
B — &, BIYERES M4 4F A 600 hPa LI F BT 7 B2 Bl 22 R Fndb P 3k 24
10~70°NHFEE N, 7 28~50°N, 800 hPa DA FHiMRELIE B V- H#83d 2 pg m™2.

ERFHRENERES (B4 RH, BEZE 850 hPa Z B FHRESIERKER
Ky FHKTF 0.6 ugm™, 7E 900 hPa ZZH L EBI B KM 0.8 pg m™®, [fi7E 850 hPa
PAEERER, BREREL SIS BERBEERE W/, % 100 hPa Ll B, WEBETFE.
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SRR EERFR . TUER, ANBBRESBEESRNSRMA (FBK) SHE
WERZRSA (8 22 EFAYU E5ENRREXBKRRIERT, HEkMILE,
FULRIAE 16, 14 F18 mgm™, EWRW, BMAEAKRBRBREREE FER
RTHMBEOMBRE TR T E . U 1990 FWE, HERETER 2.15 mgm™?,
5 MPI 4 ERE & BARELSY . RSGHEMER MRS, IR S TEKXNZE (B
FAEED APERR, EXIRTOR A TIE R BT R R

5 MEBRBESHERAEIIEE

ASCBALT 20 SR BR R SOF B SR ST 38, X R LA 1990 E A4 RokitiE,
B EER T 5EI MMM TAESFTH L, A XEES R B R E 5
SO . R REN, SREVEIEFEER 0.01, HESES A -5 RE R
HEBRSAR—BHN, BERERICERAE S TRER (B, BRAEMUIMNG
REBIPARGHIX , FERISFR A EERER 0.01, MEELEHE—-BER/D. A
BRI B S IRE SR E—0.29 W m™?, EBUNEISBEAEIERS
(IPCC) =AM RS AR —0.26 ~—0.82 W mHITEBEZ N (B D), &
SR EHERER (—0.26 Wm™?~—0.4 Wm™2) Y4, BRGNS EL
fi (E5 B/AB7ENER TR FEESBMNESRE, EPRTHK KT R
K, FEERFIAEERZ, FOESREMEM KT 1.5 Wm™, EREHK. BAH T
FAEMREER# XA —0. 2~—0. 4 W m ™ (553818 ; WASE LR BEZHARBEX,
BT ELTRE/ANT 0.1 Wm™, ZAREHNEEBD, RER EARZANFERE
KW BRI,

R2BRHHTAIEMPNARBEERNESE. LEEEANBEEAES
R, JLERR, BEERUUR A THX (16~62°N, 75~146°E) WEHLER, HizEa
M, LR EE (NH) &2—0.46 Wm™, BiEBR (SH) Xk —0.13
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W m™%, NH/SH #ff% 3.5, T IPCC 4 HifvEE7E 2. 0~6. 9 ZJa], B TRXIHER
PREL VA B 55858 OVE B (R TE T MPI BB A IS R, TR B4R R
i FI ] — BT BL#Y Feichter " MBI HATXT L, ARSI MRS RE 5 RE
LIRVHERN—0.35 Wm™, BEATAXN—0.29 Wm™?, XAfE SN KRS
SRS AR E A BARFA X, Feichter S M LMEB TSR HLER
W, HiEdtEREHBEZH (B NH/SH) K 4.2, BBATAXHER, NERTF
WS ERE, AXBIMWME (2.15 mg m?) 5 Feichter it B E (2.23
mg m™ IR, SES Y -, XWFEH, AFEFIA MP] BFRLSE
Bk YR , EIEROR R AR S MW TAERBIIM. B MFRER
BME, URBRESBREEERRKORTHER ], HRBRLESBEBENESERNS.5
mg m™ ¢, BTN 445, BEAMCERENK 18 MF. tEMATHRRERES
RSB —0.75 W m™2, AALIRFEHH 2.5 4%, RILLHRFEHM 1.6 £,
WX —45 1 5 R XSS B AR A E AT LS, BE 8 — B A 2 57

£1 FEHRRRANRBBSBRSKE FHEREMNRE (DRF)

YEH PR R I DRF/Wm™2 #&#/mgm™ DRFNH/SH {SRNMSHERERE
Ghan % =0.44 4:0 5.2 Ghan %
Jacobson —0. 32 2.55 2.7 Jacobson
Boucher I Anderson —0.29 2.32 4.3 Langner # Rodhe
Graf & —0.26 1.70 2.0 Graf &
Feichter 2§ —0.35 2.23 4.2 Feichter 2
Kiehl 1 Briegleb —0.28 1.76 3.3 Langner 1 Rodhe
Iversen % —0. 41 2.40 4.1 Iversen %
Myhre % —0.32 1.%0 6.9 Restad 28
Van Dorland % —0. 36 2.1 5.0 Van Dorland %
Koch % ~0.68 3.3 Koch %
Kiehl i Rodhe —0. 66 3.23 Pham %
Chuang % —0.43 2.10 4.7 Chuang &
Haywood % —0.28 1.14 Chin H] Jacob
Kiehl % —0.56 2.23 2.7 Kiehl &
Haywood #l Ramaswamy —0.63 1.76 2.6 Langner I Rohde
Penner %Al Grant % —0. 81 1.82 4.5 Penner %
AR —0.29 2.15 3.5 Feichter 2§

T NH/SH it aR e sRE S AT R0 & . IRAF RSB A0 [29], BEERIBBERR
BAR B 2% SCRR A B O

R2 ASWMBESEROESR. XFMENEREBEOST

=5 JeER MR R R~
&R/ mgm™? (S0 2.15 4.7 1.3 8.5
P 385 0. 009 0.015 0. 004 0.026 0.02
E5TRE /W m? —0.29 —0. 46 —0.13 —0.75 —0.70
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RBIXERE, MBRESERY FTRESASBENSREES —ERBEER. |
R — LB 5 AR AL, AR R P F 5 IR SRR B SIS B PR
BZRAEZERESEME e, EUMLRABMNEESLFEENE N EE, B,
HEELHEN 20 e LMIEATRE, RBREERNEREREZMK. BB
FRAERNNESRARE, KR THEN 2. 17 W m?, MRRESERGERE
XA IEREB/D 0. 29 W m™; HINBESEMNBIRAESRISH LR BB
(K 62), FFHERHABMAFFE, ERIPFHEER (KF2.5Wm™?), WER
WD ChF1Wm™?), mRFENZETHRRESERNEMZE (8 6b), fTE
P HHRESEERAENEEAEHEMNET, BHEEIERIEN TR R
HTXF I, BEREME 1Wm 2 4A, AR, HRERELS I B xHE 280 A8
ZEREZEFHBN, RAIRERRESERKEZKMNET., BRAILERX, &
WERBE., EEE, —~RIIMMUAEBARYRY, ELRTENTRT, RESH

A6 BESHBHBENZESA (0 DURBZERARBRLESHEBIFAFEARENRENZRME (b
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FRE S MK AR E TGS . HhRER %S R AT E 400 &35 A 11
GORE, KT 45 ERAGREMFFAESE T RE M, HREH, PEARKIBEEEE
BRAEF SN UMK, RREKEFBANBEILILE, SHEN, 7 (35~23°N,
100°E) PARHXAFAE—NE N MBS X EEOE A KA EER R
GREY, 7 AN LEL, BREEIER /D, EEREXAT 40°N LIE M 110°E IR
BRI XEFFEERY, RERLTERRAEL SMBREERAREZHE
AT REAFTEE R HIER R

6 ZiEfnitit

A HE IAP/GOALS X P B AE B THRERLSERNER, H5IAEBELES
KBTI T RBRBR L SV VK I BB 25 23 A5 TR, LRI AT T AR A 3R 8 M AR AU AR
HREY, SRBMRESBRETYEST®BAN—0.29 Wm™?, F—0.26~—0.82
W m HFERIZ I, T BS54 R4 B 5T 15 B B9 58 51 SR8 7 2 (] 0 A B R Ry, BD
PRI X R L BEAREHE, HTENREHXFRRRSER RS RE A
—0.75 W m™?, 4280 2.5 6%, RI¥ERTEHH 1.6 £5. REBRLESBRIE
ESEERMEREAPEMBEER, FAHEALERFTEN TV ZHETR
Filh, BARETME 1 Wm T AR,

BRAXWERE IPCC AN SEMREN, HENZEER B TRELESER
BARAMITTEFEE —ENAREN. JERKREE RO MAH KRR SE R
BEROARERERMY . AERBESEROMM R EMHSAR, Eikh THRRE
BRBBRAESBEEATHEM, LG TREEXWENER. RRESERE—
FUE RN ET R ESRNBRATY, BdXEdE, dERRANTERHS
MR AR . Ha A RHER 5 2MIEB R HER A 60%~80%, FEL SO,
M RHE . K2 500089 SO, Mlxd THEBRERFI/KF B, BAN 504, —/NEoE
HEAE BB, MARTESZ WA ER MY RB AR, S
MUK T = S8, MBI REEE R T RKERES. AESEMRE. Z&.
BKERBURBHRLERD . 1T BArdF 0 FiX g B e # R F ok BS
R A R A T A B BR L A T G B 25 B K. 8 e B T Y B R R ok B T
UED, S NRRESERERSAEHYK, BRMEMEENHEY -,
BB, RMBRESERKEREHEAWR, xfas KRNI ERE. Hit,
A J5 ISR T B B R 07 E AT AR HE A A 1 0 LA B B R S 9 e A 25 1) 2 L A0 A R
WofE—ERE LR/ B RE ) BB IR 2R T

IR A REHITIH— L, S HRE AT R AR B RRIE I R A RS
SRIEET, BRATLAE IR BR ER VR B I At R BN B ST R WA B e Ay B
k. HE, BIREMNEFAMUNEHRRERENZRERN, SHREPRAOH
BRESBBRAFSHENARBRIRENREZ —. B, HXHEE B RENERE
WIEFEE, MBRESERIENNEHRBESIER, BEMNBENE M, IhF
SHWRB 0.1~1 pm Z[A], XHEREMR T UEARM S BB HEEM. mm
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SR — BRI, B, P ENRMERETNS, MESEN LT,
ERERNRB SN, R 52 AN RE, BAEEER P ITRTHATE
EREIE, BT HATH CTMs B MK PP —oh 250 km 24, THNBERN
AURBEZNT I, BEXFEAKEFECREEREEMES . B, 85%axAH
SRR B BB R UR SRR+ S B AR H XA LR, HRBRERUN T E
HERERZ—.
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Simulation of Radiative Forcing by Sulfate Aerosols

Ma Xiaoyan, Shi Guangyu, Guo Yufu, and Zhang Lisheng
(State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid
Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029)

Abstract The direct effect of sulfate aerosol was explicitly represented in IAP/LASG GOALS 4.0
coupled model. The model simulates the radiative forcing from 1900 to 1990 by introducing into the 3-D
concentration of sulfate aerosol simulated by MPI in Germany, the results show that the global mean ra-

diative forcing due to sulfate aerosol is —0. 29 W m™?

which belongs to the estimates of the latest IPCC
scientific report. The forcing distribution is characterized with sufficiently large in a number of regions
including east Asia, western Europe and northern America, which all surpass ——1.5 W m™2 in their
maximum value, The radiative forcing in South America, Australia and the south of Africa is generally
between —0.2 Wm™ to —0.4 W m™%. However, The marine or remote continents were little influ-

enced by anthropogenic sulfate aerosols.

Key words: coupled model; sulfate aerosol; radiative forcing



