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Aerosols have significant impacts on the climate changes by modifying the atmospheric radiative bal-
ance. It is essential to observe the spatial and temporal variations of the aerosol composition and optical
properties. In this paper, we firstly show the global 3-D distribution of the aerosol composition and opti-
cal properties estimated from the space-borne lidar and imager. Furthermore, the shortwave direct radia-
tive forcing of aerosols for the downward radiative flux density at the top of the atmosphere, and the
aerosol impacts on the shortwave heating rate are investigated. In the last, the future satellite missions
regarding to the lidar are introduced.
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(BHRE) oWIBRIIEMET, SORAMEPLEL SRTWE, 2Ok, MERRELIEICBT S
I7 0V VORERHMIC I, KERAEEEIRINTE ), BEOREE SNTw5.

I7 VIV, KEGEEESGEL - I 5 2 & T, KREABEHIC IR 52 5 (E#EDE). 2o
REEm(bT 5720121, =78V IVOHERE, —REGEL7T VRN, ARG RS, =T a Y)Y
WCAHT 20O AN F—1F, BELERIUI X > THIT 5. IhE KT /8T XA — ¥ HINEEERE (= @R
A WIURE) THY, 1/m OHAZFED., HEAREE B ICIH > TR L2 D O ENESTH 5. §i
B NCRES L2aiE, SRS LN, 2 b H 5. KETORMBINC L2 L, ERNOGFY
X1, P 0.0~04 ORPHTEB LTV 5Y . —REELT VA NI, HEREI S 2 BER RO %2R
FTINFGA—FT, 00~1.0 DMHZFHEL, HIVNEWVIFERZRIRT LEEPRENVI EZRT. £ DLT
oYL, 090~1.0 DHZFOA, BRI TRCEBEFREFEIE, 02~03 DzHF2EShTwaY, =7
OYIVICAF L2 DT ANV F—=HDHEUC L > TEDH M ENLZTE S SN D0 %IRRT /8T A —F DA
MEe s, ZOMHMBBEOMERS > SHEBESNLET - BITHELOESEWERLIZ/ST A= H, JExt
BHETT, —-1.0~1.00f%ZH5. 1.0 (—1.0) [ZEWITERH (BH) BELATHR <, 0.0 1355 HE 2R
T. RESTICLALA) —HELIX 0.0 DfizFF>. =70V VIE0.6~08 Dfizd DI &A%\, FA b
RUED L) ITHEDOREVWZ 7OV IE 0 IZHEWHEZ D, INHD/XTF A= 1F, K-> THRE
L7280, 7OV NVOMBASEEIZLRS.

WERIRBALANOWEFi 2 Z 25 LTI, =70V VOZRITHMOEELZEFE LS. THED EZ22C
WRH L 7a Yy, FTHEECL > TRE SN KEEETINL, TREOGHEZIH TS, F72,
IT7 BV IVOESAIL, KRADOREEICLEb L. LRIGHEE L7, BRI X > TRE %
EHFERDZ 2128 ), KAOREEI L, KEBEREOFEIIH S5, Wi, Bk 7oy
WS, WERMSEICD > 72E, KRORERESH L, REABERAEOFRELZHILT 25505 5.

DbkoZ by, =70V VHBOZRIGCAA BN > TR L, CThaiEH L TEEETVOH
B FNOKEZN ES S Eh, MEKREICMEICBWTERE L 2 5. BTOBMY A7 21280 T, #
BVE—bMEVyI U7, 27UV VOGN IRTE 2ME—DHETH 5. FFIC, SiESm OB %
WHeE 35720120, FRBRI A F—2FRURERD. T TRBTIE, FHOSPHEL-MEERT 1
F—b A A=V x OEABNTHECL > THEONZZ 7 0 VLK O LR Z RIS OV THAT S (2
), ZLC, @ERZWICHAHS RS O N EER RIS X 2B OWTRRS 3H). Kk
2, SHROBEBRI A ¥ — 12k s 270 VOB ZEAT S (4 5).

2. MERE M E— A A= FICEBITT7OVIVEERDOLK=RTTH

A A=V XL BHENEDOL RSB 51, =7 o v e M MR Lz LT, £
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BEWNS 22 TE27. I, MEMNHZEERTAILEORWIELENTE LS. 0L, WH
AN ZBRICH Y, HEWRFIT TV IT) AL EZMHET 2 2 LK > THENRIFETE 5.

# ¥ 51, CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation) fij 2 (2 #5380 S L7z
CALIOP (Cloud-Aerosol Lidar with Orthogonal Polarization) &, Aqua f A 1 #5 #K & 11 72 MODIS (Moderate
resolution Imaging Spectroradiometer) # AN 342 & T, =70V IVHKOEERZRICHHM = Bl %
FHEEZBEELTWEY. 270V VEEHEEKETEDH L5 AFETIE, RELGRIUED R 5 4 D0k
TETN OREME, SGRIUE, X b, #ERT) Wb LT, KAPoFELzT 7o )V ilix KT
BT ERRATOD, REVER T, WRE MR GRSORAKTTH Y. HEINS CBE
0.1~0.2 pm), JEWRIEEASFH > (—REEL 7 VX B 0.96), ERE O %2 e L7z SEHIRPERL 1213,
B RFEEZE L, TORMMEZKEMER T & BORRLHHRE ST > NIRRTV
(Core-grey shell model'”) Z il L7z, MARIIAEYER T L FARETH Y, —KEE T VX FIZH 0.44 Of
THMIEDR , BRBORTZ2IE L7z, ¥ A MTI, B IR % # > 72 Voronoi aggregate model'”
AL R RE S CEE1~5um), FREORINME (—KEEL7 VX F#091) 28 o7, JE
WK AL Lz, WA &, REPIKEC CRE I~5um), WO (—KEE 7 VXK
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1.00), ERBRT-& L7z, TSR TOSESA &, BUNET OREME - B ST (5 &)
ZNZENOKFEE CALIOP & MODIS OB HHEE T 5. 2B, MR T LOAHAEL, BRI
MR T d e wvweE L7z, 72, R FoREE, BIME2 SHET 20 TR, W EEHEIC X 585 2
FVE—a Itk oTEH272"Y. HEEITIE, CALIOP Ol T — % Tah 5 532nm & 1064 nm DI FE T
& B ITHEREE 532 nm DRIGHANEZ M L7-. MODIS Ofiill7— %13, /¥ F1 (620670 nm) & /3

(a) Total AOD at 532nm

MEAN£STD = 0.155£0.151 (f) Total EC at 532nm (1/km)
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Fig. 1 Left panels are annual means of aerosol optical depth (AOD) for total aerosols (a), water-soluble
(WS) (b), light-absorbing (LA) (c), dust (DS) (d), and sea salt (SS) (e) particles. Right panels are

zonal means of extinction coefficients (EC) for total acrosols (f), WS (g) ,LA (h),DS (i), and SS (J)
particles. “MEAN+STD" indicates global mean and standard deviation. Note that each panel has a dif-

ferent range of contour values.
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(a) SSA at 532nm (b) AF at 532nm
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Fig. 2 Annual means of single-scattering albedo (SSA) at 532 nm (a), and asymmetry factor (AF) at 532 nm
(b). “"MEAN=STD" indicates global mean and standard deviation.
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T&5%. F/, WUREHEOT—5I12koT, FRBH T (FA M) LERENF (EERF) 255505
LI ENTEDL., — T, KEMERT &IIER T % 503 2 M. L7254 F—0Bill7— % 13w, 2
D7z, SR 1 O ICFIYE SIKRER T X D /S, FEORFAM M %E T2 LMl St % i
52 &T, SRR T-25HL D 15 5 #iPH & HIBR L 72 L CHEE L7z, CALIOP & MODIS O 4 J% & DO ¥k KAk
S & 5T, BUNET ORI - SBIIE) SHOKRF (2 L) oREEHEET s TE5Y
Fig. 112, RS N72KH T OMENE S LR D 2010 FOFEFIEZ /R T. Fig. | DS ERE ORI
K4 AEOHPHIE, HICE o TRZLZOTERELTIZLY. KEZEEEE L2 MODIS OFITIE, ko
& B WIS T OMAEBINIZED . Z 0720, MENTHIPEZ FEiE 60 B S Ab#E 60 BEICBRE L Twnb. Z
DA TOELT O VNV ORFE S OFEFHMHIZ 0155 L), FOHN, KEWER T4 0.075 TR0
ROz eI, F AN, R T IEFEREE T 0.025 205 0.028 & o7z KEMERL T ONFENE S D
KFEGATNE, 77V ARENPLET VTN TREREEZF > TV IS, M7 YT ERT VT T,
0512 Edso 7z SUWIMER 13, 77U WO, M7 VT ~HKT7T VT TRENoT. ThEORENE
K- & SEIUERL T O i, AR 7 1 VL QPR TR KA T 2 Mk & B — T 5. ¥
A MKTE, kT 7Uh, WTYT, BT YT, WY VT OMEEE IR o T R T, i
AR AR LT ie, HBERBOSE AL, RAREELSHK 4km T, EE 1 km LT OKRA
BRBHANTREREEZR LTz, BEFICR T L, KRB - SO 1%, SRERIC5m L Tw
55, BEIC, FRED S AL 30 EEOMEN TR E Doz KEMWR 71X, B 60 FEA S 40 EORERT T D
WK Efli oo/, ZHIZEEOBIT — 725 0iEflz IS L TB Y, #EHkomiE=
BB, DEWREOIEZRA-DDOEEZZONS. FAMITIE, LR I0EIS 40 EH-DICHPL
THAT LTz, iR 1L, & TOMERCRE Lkm L FIZER LTV

INLORKTOREME AT, BT T7OVIVO—KEELT VAR R EIESFRN T 255535 2 LA TE
% (Fig.2). —KEGELT7 VAR R, @FRFIYT094 TH o7z #EEO—REGEL 7 VAR R, kT &Kk
BHR T2 CHERET H720, 090~1.00 & 7k o7z. B ETE, JEWIMER T & 5 2 M2 X o THEMP T
D, 085~095 L %o Tz #BLOIFFHMTIE, KEVKEZFOHWEN TICL-T07 22 A%
FroTwiz, —7, BEETIE, N MR FOMG2H 5720, 0.6 55 0.7 DfEEZI - Tz,

3. I7OVI—KEHEEERIC KB RETEHN

A RO T T OV ORFENE S, —KEELT7 VAN E, JEFRRT (MAHEE) %2 K5 EE 7V
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IPCC % TZHHE S N2 U iR ) X BUE S & ESE S An AT D IR D720 5 WA o 72 ABpiRFEZ 7 1 v )L
WX AHEREINTH Y, AROEREIRL DI EIEZE IRV, Fig 3 DA, K& i ToRg
MENERLTEY, AOMHIIZ 7BV VR E TP 5w 82>l L 2 EKT 5. Fig. 3 DFEHOM
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(a) Total SDRF at TOA (Wm)

MEAN+STD = —5.24+3.34 (f) Total impact on Heating rate (K/day)
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Fig.3 Left panels are annual means of shortwave direct radiative forcing (SDRF) of total aerosols (a),
water-soluble (WS) (b), light-absorbing (LA) (¢), dust (DS) (d), and sea salt (SS) (e) particles for
the net downward radiative flux density at the top of the atmosphere (TOA). Right panels are zonal
means of impacts of total aerosols (f), WS (g), LA (h), DS (i), and SS (j) particles on the shortwave
heating rate. “MEAN=STD" indicates global mean and standard deviation. Note that each panel has a
different range of contour values.
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AL, WEEADSOREEEWRINL 72720 ThHb. ThOHDOFE ST 7a Vv VoLEkFEiE-524
W/m?, (FIEEHTRDELZ - TW22%, b7 7)) & OB TIEOGIIMER & ¥ A MRFOREIC X
D, IEDfEL 725> TW7z. Fig. 3 DAHNE, SRT- 258G - W X - THPE (300~3000 nm) HUE O 2=
IS5 2 B2 RLTWD, T7 YRR T 2RO A NVF 1320 F FRAOMBfEDNL., 20
728, SEWIVERL T O W AR B I b /N E H o 7225 (Fig. 1h), MMEAEAOFEIIR D K& <, 0.25K/day
IEL T2, 2o XHIg, HIET 7 oY )vid, Mo%EHRE R TREZEELZ GG, 2L T, &
RYGNG-2 5720, HERMNIFENRLE D,

4. SEOBEREH I X —5E

LD L9 BN FE TR TERBEORN 7 — % 25 2 L3 TE U, HBkiRBALREICBIT A T
TEYNVORBIIE L CTHFELED S 2 EHMIFTE 5. CALIPSO i, 2006 4EI12#TH HiFoh, B
FTI6EUEERZHITONTE . ZOM%MkE LT, 2023 412 BarthCARE # 2 '"Y 0¥ b LIFAs i &
NTw5. EarthCARE 2 121%, WS HiET 1 ¥— (ATLID), UKy 795—1—%— (CPR), %
WRA A=Y v (MSD, 3 HNMEEERRSFE (BBR) 23S 5. ATLID I, 355 nm OHERE & T
A7 —LE5HLTHNETAIENTELD, LDIEMHIZZTe Yy V2 EmfbTE L EMFSINTWAS.
EarthCARE fif /£ ® #1213, NASA F3# D A0S (Atmospheric Observinb System) I v ¥ 3 »'9I2 X 2 fi st B
OFTHAED SN TWD, ZDIvyaryTik, 7aYh, & Wil BK7ov2z2@H$52 &0%H
EEh, Z7aVNVEEZHNTLZ0DT54 7 —0HERENLTETH 5.
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