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VAEERSRBEFREEGSBRERS Z—, ATLABS REEIT AR
SCOPA, EERBEENEET RAMRIAEM. BRI AT T RN
EAX IR RER ™ ENGE. B, HADRSBRE RS E, RotH
MKERNYPEEE, KR, RANTBIERTEDLRBERNEEENRE
e, URTMEATRHDERTROBEFEERN. AXKET —EHRABE
MFRSR RIESB R ZERMER BIE, Bl % HERT 2008 FHE HRBEA Y LW
WEREHITTARSTEHR, RE/BHTRETILMX YD DSBER KIS
o HXHIE S DEMMKSBERAEZEERT T, 47 LEEAILE
RRASBRATTENYE, ANAXES S PERNSHRADTT BRIk e RS
AL RMEES, RE—MFATR. 4. MEkE D EARBEMD LR
EHE.

2008 FHRHRKEWLWM, EH T B%EA MFRSR #1 CIMEL £ HAT A
B AR, MR E I ASERIT T WA . A SR RS
B R T WL SBR M2 HE . BiT MFRSR RIEEFIMILSHERN
%8/ 5 AERONET FREXI— 3, —H7E 0.67 pm ALEBLRE/MTF 0.02.
EREWERFRIRARE, HHHESHESHMHFERT, B AT
AT RSN S & Mie HER¥ B A S MFRSR MIMERIR2E
FHREEIRD, AHBETYERBROHRFIENI . ERRE, DEBK
R R EEE RN 2.22pm, PIEESTFIPEEREAN 0.137um, KHLTF G
FAAPEERS, ERRELAPMLTH 10 fF. B 0 i st iE st
5 23R 5T tLE(DDR FE) MR, RIET YRR FHRKEHKBZERHRE
Fo BB MDA B RES RTE 0.415um KR HTEHERN 0.76, FER KM INTIZES
#INE 0.86, X—HEDMFEA. SRTFEMHEMDLAMEAFR, RERE
AL X PR3 AT WA br A A BORI R B E . RIS BAIX B DA 2
THRSHEER, BAEWN A FHERE. #HURSBEFERNREEN 5
7-2.07. -2.90, -8.54W/m’, HHAREBIMPEALSHREESE, THEY, X
AER T EDLRBR N ERES BE e T R,
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B F%EF) MFRSR WAl RENMLRREZMESFEREE, BMEETY
LR ARG, LhF LD LR FRAMUGERY, hTREXFRERLETEHE,
RAIA T-matrix, IGOM H Mie 53 5+ 8 7 B 5B LRLF 6 2245 1
SH, BB, RARMEERE _HHRKES RBE, REREF. #Hk
BEZHNB, MEHHEREERHEZR, FH—PHENLT ZEXBAE
RIAPHEST B RIERNER . BRBERY. FRBY LR T AR R XY
BA bR APRIESTE R MWK, MTIERERAL TR MFRSR RiEYD
DHEIFMERSEMN. RN, FEARFREEIERTESN TR, A
FHIBTFBATEAR Y2 EE . KFRTA ARA MR TR 2SI s R
T, X MFRSR RIENAZEEERKIRE . 4RRE D% ERASBERA B
FEBAF LB, BABSHERMRENT-3%. AXZEEXTF 1 FFEKHEXR
TABKR(>60%), REREEF-40%.

TERNRRHSRIBRIEBEES AR BNDEREHTRER. R
AR A E MR T MISR. MODIS ZERE LR R X RIFSBER
FF B AT SRR, MODIS BHR Tk & Bk 6 AR a0 4h @i
(2.1 71 3.8 um)IRBUL R R B 2, HBEELIMEER.1 pm) 5 EABFE A EE(0.47
0.66 ymFTHREBEMXR, EREABEX L2 REFIHKERALERE
& 5 W BUAEAE B KR 2 . Deep Blue {8 T # R X FR R B0 /MA IS Y6 I B (0.412
#10.470 pm)REIRHER R HFIZ T EKARRESN, AIIERBRBEX LT
BAAHENRESBEREFEEE. MISR AALNTRAERN, SERMHRT
M R ST HRBEAE ST, EREFLTR. ¥ TREHRRENSBRAFEEER
IR,

WERRER, FEAMESNEIR FHREFHRIEENEMT), 7
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B R BB RRERBMPDE YR RHITE, FELTR. LI
H=MEARAFEAE, RETEEFROR. KUY LMEEFiX.

R WARER. LFEFE. KRES. RIRG%E. DEER




FHE

Abstract

Dust aerosols, as a major component of aerosols in the atmosphere, can modulate
the radiative energy balance of earth-atmosphere system apd thus has large effect on
the climate. The dust aerosols, which are blown up by strong wind, could also cause a
severe havoc to environment and human activities. It is therefore important to fully
understand dust aerosol radiative forcing effects on climate and monitor the evolution
of dust storm. We developed a method to retrieve dust aerosol optical properties using
the ground-based MFRSR measurements. We analyzed the data obtained from the
2008 China-U.S. joint field experiment and retrieved the optical properties of dust
aerosols by applying this method. To validate satellite retrievals over Northwest China
where the surface is relatively bright, we compared the acrosol optical depth (AOD)
products from different satellites/retrieving methods with the AOD from the
ground-based observations. We also examined the capability of microwave channels
onboard satellite to detect dust storm and propose an integrated method to monitor
dust using visible, infrared and microwave channels from the satellite.

Several advanced instruments including MFRSR and CIMEL were deployed in
the 2008 Chiné—U.S. joint field experiment. We used the data from the Zhangye site to
retrieve dust aerosol optical properties over Northwestren China. The AOD, which we
derived from the MFRSR, is consistent with that from CIMEL. The AOD difference
between MFRSR and CIMEL is less than 0.02 at 0.67um wavelength. By assuming a
spherical shape of dust particle, we iterate the parameters of size distribution until the
RMS differences among the AOD values derived from the observations at five
MFRSR channels and those from Mie calculations is minimum, It is found that the
mean values of the fine and coarse mode radii are 0.137um and 2.22pum, respectively.
The volume concentration of large particles is 10 times of small particles. We then use
the diffuse-to-direct ratio method (DDR) to retrieve the single-scattering albedo (SSA)
and asymmetry factor (ASY). The values of SSA, which range from 0.76 at 0.415um

to 0.86 at 0.870um, are much lower than those derived in Africa and also relatively



HXBE

smaller than those obtained over East Asian. Our results clearly show that the dust
aerosol over Northwest China is much more absorptive. We further carry out a
radiative closure experiment. The daylight-averaged differences between model and
observations are -2.07 Wm™ for the direct normal flux, -2.90 Wm? for the diffuse flux,
and -8.54 Wm™ for the total flux. The good agreement between simulations and
measurements indicates that our retrieved dust optical properties are reasonable and
reliable. A

Since the MFRSR measures the irradiances, the MFRSR retrievals may not be
much sensitive to the shape of aerosol particles. We thus assumed that the shape of
dust particles is spherical. However, the shapes of dust particles are irregular. In order
to test our assumption, we calculate SSA, ASY, extinction efficiency (Qe) and
scattering phaée function for non-spherical particles using the T-matrix and IGOM
methods and spherical dust particles using the Mie code. The differences of SSA,
ASY and Qe between spherical and non-spherical particles are very small; however,
the scattering phase function of spherical particle is quite different from that of
hon—spherical particle. Using all these dust optical properties along with the SBDART
model to calculate the solar radiative flux reaching at surface, it is found that the solar
radiative flux is not sensitive to different particle shapes. Therefore it is reasonable to
retrieve dust aerosol optical properties by assuming a spherical shape. We also wrote a
Monte Carlo radiative transfer code to examine the AOD error caused by the forward
scattering of dust particles. We show that when the AOD values are less than 1, the
AOD relative error caused by forward scattering is less than -3%. When the AOD
value is greater than | with high solar zenith angle (>60°), the relative error can reach
-40%.

Satellite observations are an effective way to provide a regional coverage of
aerosol optical depth and monitor the occurrence and evolution of dust storm. We use
surface retrieved AOD to validate the MISR and MODIS AOD products over
Northwest China where the surface is bright. Our results suggest that MODIS
retrieved AOD values are not reliable over semi-arid and arid scenes. This is most
likely because the MODIS operational aerosol retrievals over land use the dark-target
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approach. In this approach the near-infrared (2.1 and 3.8 um) channels are employed
to estimate the spectral surface reflectance in order to separate the surface and
atmospheric components of the radiance received by the satellite. It also assumes an
empirical relationship to deduce surface reflectances at wavelengths of 0.47 and 0.66
um using the remote sensed surface reflectance values at 2.1 pm. The AOD based on
the Deep Blue algorithm are much improved over the MODIS values because Deep
Blue employs two blue channels (0.412 and 0.470 pm) in MODIS, for which surface
reflectances are relatively small, to infer aerosol properties. MISR provides radiance
measurements of the same target at nine different viewing angles. Since MISR can
remove the atmospheric path contribution from the surface-leaving radiance by taking
advantage of differences iﬁ multi-angular signatures, MISR is much less sensitive to
surface type and can successfully retrieve AOD over bright surfaces.

The most common dust storms in East Asia are those caused by strong winds
behind a cold front and generally coexist with cirrus. For example, the dust storm is
especially often stirred up by Mongolian cyclone. The visible and IR techniques thus
can not detect dust which is often under cirrus clouds. The microwave is not
significantly attenuated by ice clouds and can penetrate ice cloud. We use AMSR-E
and a microwave radiative transfer model to analyze dust effects on microwave. Both
satellite measurements and model simulations show that dust particles can
significantly reduce microwave radiation through the scattering and absorption effects.
We propose a new method by defining a microwave polarized index (MPI) to detect
dust storm underneath cirrus cloud. We then develop an ntegrated method to detect

dust storm by combining the visible, infrared and microwave satellite instruments.

Keywords: Dust Aecrosol, Optical Properties, Atmospheric Radiation, Retrieval

Method, Satellite Remote sensing
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VER[E—METE. ¥ TRHREAN—FHRIAR, RRSEHNAH
RAEPZEETY. BT BRAARNEZERM LHFREML, E55RRERAE
RE L. DEBAKXSR, EENEAERZSES, AEEETR, HFaE
ARAREHRSZRGERAT, ATRGRERT #, EEEZRWIE IR KH
K. WERERBHRTORER, RMRBERBERNEERSZ—, £REE
BAKRKWYLBR Y LRBERIET 102012 T, ALSMERFRBREEN
—¥ [R=%, 1999; EHHES, 2001;Husar et al., 1997; Herman et al., 1997].
2HFFTNAVERERX, FHRPE. JbE. BHURBFEILEEATEAN
MR RBX. PEVERAEBRTFPRES LS RKEH—#H2, EREVLRS
RBEESHEALRE TR, FTEOVE, RESHUKZBEX. PE—FEH
A EUES RS IR SR RN LR, BN ESNAREFEINNER SR
m, SR T SSUREIERATN ZRE.

1.1 HARBEXNEEM

L1l PAEXNFHENEEF

VER[ERBRABEEEREL L., Y, FHERARET LS Bt
BRZEME, EREHETRERO—MREAR. WERSHERE 3 M EE%
fr: — KR, ERERDERSHBIAEE: = wE LWL, ER-RYRE
it = PRENKABESERES, REENRBAAFHRERSE, 1997, £
AIh, 2000]. 2003 FEHEKRFBEEH (WERSAELFZRZGTHE) K
REWERSBESNEL. Y. WERNBRDLRONMER. WAEERR
S Sio HBEF, Hilid 50%UL; HIKE ALO; it 10%: kA5 N
Fe. Mg. Ca. Na fl K EILY), EE&—BRFEE 5%. WERSKER, XL
YR P AR K FFERE LA b 2 KA BB R REh, TERBUNMORF R #A
1500 m LA ER® =, ATRE T BANIE R mid B T2 B LS Haywood
et al,, 1999; Husar et al., 2001; Higurashi & Nakajima, 2002; Takemura et al., 2002],

VERAEEERENN AR TERZE. B, TkE™, RIEWE



ZMKEM LRI FAb W L AERAE M RIA S LR B R K

KEFR ASTREEANLBBENEGEREE. VLR EIERFUT —REE
AR (1) BR: BHAORLNBRERBAVRABRE, ERXAEHLT.
(2) PEURPFH T RERRE . BB &, KB, EREERRERVE
B, THEMZEEHERTERN. 3) LERMESRDLEAYDFENY
X HEZETEREHRNMEE. Bttt FESFaEPLRERTREN
VIR R R =TI 106-107 M, SR X R B AN 475 B o A 7= g i A ™ B AR« [RIEY,
BRRK IR R P EFEENT URNENDR, — KDL RIRETURE
LRI EMR, ERBEFVETE. TR/ LERKE 3-5 TX
MR T LAEANRITFREZ, KRR DUR RS RZH R, s
PYE T I KX [Huang et al,, 2008]. (4) KSi5%: EWLBRFEHMAEWX,
KA PRI R RNBHLD I, KISHmME. B 1993 & “5.5” 8au R R A6,
HNEE&ETEIZSM TSP WEEF 1016mg/m3, EAN 80mg/m3, BiLHE
FARHER 40 1. 2000 4 3-4 A, LFHMRZVDALRNEW, TRITRABHOLE
4 ZLLERA 10 R, RNEESHERTFEET. 200043 A 2430 H, &
B MMEARNR 18 METIHBERESET 4 K. 4, FRERIHRZ
AT 10 pm WATTLUERA KR REHERF. A BIL%[2002,2003)FF 1954~
2002 7 [E Kt 681 b IR R ELS 47 T30 49 FRE W R RSKS 2 53 A HFAE,
BHYARSZHRATFEENFFEER, ERELTHTE. FTRHUEES
KX, smibdrE EHE 50 ER\EE, 90 ERFD, 2000-2002 F3FFTEM,

B RS, BK%R2004)1FA 1978 FE LR TOMS EEWMSEKEH S
Wi, BENSEBREREEE 3. 4 ANTFERRBFTAYPE. AFEETHER
H X, 7] b O R W E R DA R b MR AL BB X 5 A4, S EARZMEMR
YAERREETZBXALE LIRS, AEHTE, WUKHEE, BRIER
BHEEEX. PeMEWTEERTRE AT HE S, Wt FRa LGRS
7a R ) T e, HmBset. AARZEXERER. SIKNDEEREIER
EXH#HK, B 50~90 £, RELFTPLBRENR 2B HENLER . 60~
70 ERVLBRFHE R LA ZH, 80 FRIEIEE /D, 90 FRBMIEER
SREIMMRER % 2002; HEIE%, 2000]. Bk KF &AM EAT93.5.5
BRE, NX—RYPLIBMER LZTHEFRTRR, WEEHRIE 10cm B
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BERKGE, MARKEEAIER, REVEBHHEXERZE 20cm, & 1.5m. #H+
TR AR, KRR SR, B ERBLETHRE, MR, KEXERRP™E
Bt BKEEAIFEIR. B RAMAMARA 9 TR ITITEEE . KA EHER
. YWiE, TRHBAEHERRKD, . EREAI2AR, FERTCHREE
REAR K, AEER=ZESAES. THOHZHBEX EFHEDIRE, +
NVUHARBARRA, FBPHABHEN. XD EEHWTRELS 110 /7 kn?
PIXIKER. 1998 £ 4 A 15 H, ARHPTR &R X MY LR, Xk o~
10 %(23~27 n/s), EREEREREE Sm, BERHFTHMR. TE. PSS, R
R RES. ERURKILPTIHEX. YERBEMBK, YEZRERHWR
#.2001 5 A 11 BYLREBETLEAFH, RAKIT~8%K, TRELER
FHS0m, WRDARER | AFEL, 1t AR, 5IR KK 288, KFRKERT
Jijt. BER, YERRREKFBEFIRL, BREKAETENRTE, 2006
F4 89 HHSEAF A RN T60 FIEERPEBDL, EE LB RIIT
B, 2007 £ 2 A 28 HEHHETEFRPH—HIIEERDKRE, 4 LRET
THELARESZM. 2009 FEATHRBENIERBDLEARTEZERDL D
REFEMETE£E 12 MK, 2010 4 3 ARMERTrRERA . B,
BigREARM. ARETEE. TERILENDERALEBEWEERK, BT
EE T K EREW, TALG. 2. BLSEFXURSES THE
FURGYRIFLRA.
1.1.2 WX IR

W RS T SRR AR, FEAARE SR E XS, B
BEXRRENYLERERECETBSHARFEURER KREETFHHEEE
H, MREENFTEEERW. YERBEREEET=MF AN SRR 0H:
(A 5@ i %o A PR AT Y A AR U L R i T TR i R, B E BSR4
BRI, RETKABRW, HROBHEEME, ERMSRETRNEFREER
(ERESRERTHEBAIMM, EERER. AERRERNTR, BAHE
), SIERBUCIFERL, ATIRMESE. QWRRERTMEANZ IR
Rk, BEEZMHEER, MEZHAD. BURE. RNTFoHSYE.
NeEFE, AR BERERNEMRPNEE, DAERN, WITE = ES
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2 MAEMERMIRT [ o g ardrt EDZN LR-e
BTN, ERTESPEEN, #THESE. QOB TYARERE
KAPHEELNMG, BEERRNMEFTEETUETMATREENRS, NTK
TRABEMNEENM, BRRERSPIKK ROEERERE, MEZH
RIS KIE, B EERR. (BT aEES R EREMN SR E =M
RBSMEIER, BRREERARRES, 2007 £5 MK IPCC R4 #1134
ARG RRT ISR RE). SEAh, WK FE AT LAl Hofth— L (7] 8 5 Y
W, HESF. MPLEASTRRHTT. BITREREEK)IFREHE,
] AR/ X 2 ity R 3 R BREB ST R BB 2R, TR BE & A0 i B B b R R
W, IRVKE R AR TFRIBHHERYREIERZE, BXEENY
BAEFENF=ERW, FHEMEMEERER, R ZEMBIRERZL, N
MRS 1%, SibAhfRp R RS B 2 K380 0K UA ) B 7 R i s 2R
iR BEZEWEBTHA: KEFMEN994], XE[1994] ARATYL
A YRV L 3 R L S T AR AW ST AR, 4 D R RIBARAE 3.0km LA T RVIK 2
KA APES A ECRNERIER, IRERTES B L RBRREKR
SR E B IMARER . BRI EE[2002)F F CCM3 #IfEH # CRM
HRRXSYP LB BaRE, BHYPLTURHMEMARS, R tES,
EXAETRES BEEN TS 2R R B RYWFERFE. Huang %[2006]
FF MODIS 1 CERES EEHEA XL TWLEKMED LR ZWESH,
BEATHRURWAERBERSEZPHRYESRTR/MNKROERELR, BD
EHOKERR, RIEZMAEEE. Fif, BARIKNTELSREH, PE&E
AR X it (B 32 (8 515838  Carlson & Benjamin[ 19801 — MK 456 VAR5 #%
BHER, TETHGRY AN KRIESFBERNMS / AHENEW, ERRAY
DEATHABRNEZHHNESER, 5HARNEDLEPRERES ALK
WEHA K. MBAKTFAH, FEEMAMBEEEREEEE AT
K. Tegen Z[1996)F#RE A GISS(Goddard Institute for Space Studies)\GCM
BHERERTE T RALRNT URBERNBEH RE, ERSET, 1RAM
MBS IRE 8 R A IE, FERFAEKBR M ERf, Rk FRERLURBERBE,
H S MREE RN 1+5.5W/m’. Fouquart Z[1987] s3I % kL A1 Mie BU5TTHE
THRAESBREMEMFEURDAEBANEERFBEHE, RRBREN
KEEER L. 5, KPAERTRA MERKMARL S KA, KEAAA 1 KA.
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ZFERR, WA ALEFNE., B H2ER T EXRNEERATLM,
FRURZMTERRER. BT, RENDEMNRMTH, BIrrBRYE
BB BRI AV R RO KE, ESRAT R LR 2Rk R
SPRARBIE RS — T+ 7 EEAEYIH T AR F B TR RARE XFh T
BRI,

1.2 EASMERET TR R

1.2.1 WARIERFERA
DRFRESEHABYLHREEE (1), BRESTREBZ (&), FAuHRE
F (g), HEH (P) URRFHEE (n). XS HEEHARERPIHE
YRS BB EEM RO TR EENRAR. AT B ERAMNRDENE
BESRAER, BALARSBE ERNYAERE. R TERYILE
W, WERS LERBK, BREVERSEROREZEBARR, KT RN
ENERRERTHLRBERAFEREFERKION ZEML. FNK IPCC iRkE
e, BB AL, AMINPARSBERAMNAUKFRARIE, BRHSEEHR
BENAFERKORFEE: A7 E%[2003)38 H BT3P LR F b8 51
TENRA, FRLEREFSTEHEE, NMEHEEIFED LTSI R EER
ERBAIER, ZRABERNTIERT EXOABEE. AT RD X
TN, BEMNYDOEFERTRENUBEMH AT E. BRTHTE—1a 8
FEREMNRME. WUREEEBRBAERNN. RIE. BE EFERTE
MR : BHEBAMAEIH(CIMEL), #idBE AR BN BN E KN
HEESURRZREINTRIEBEBERNEZEE. KTFofM. HER. £
B e B 4R 5T TH(MFRSR)E I YR & BROK PR B4R 5T L UM B H 4 &I
KEEEA, REHERENRKRERE, NTRESBREEEE. RER
& (TSI Nephelometer)7E 450, 550 F1 700nm =/ N B E S HE R B UK ER
BT RBORIERTRLF LA . MUK BOEEEMPL), WBR T H/E M#ST
WL SERAEESf. EENARESERNNESEERE ZERANE
MODIS, MISR, Al 17 LA RSB EEE . B RE S R ESE, K+ MODIS
F#HAATEER, RERTEEEEEURME R R BERENREE R
MIYERERE. MISR AJLAM 9 MARRE A ESS BiRd T, £RtE (ny#E) b
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‘—‘Mk#mi%ﬁm‘c B AMBRAFFERR S ARG T E N
PRESERICFREEFRIFERE. EAMRZ 2 EFI A XS B FRET
REMBIR. MREZE[2005 a,b], ERARGEEETHFIFH PMS Fssp-100
BOEREGGHT T ARERNSMAN, SR THARBROKETFERI N
, MF 4. 0pm BRLTF SEREHERSH, WAR FERER AR KTFiER
TESI A, BN B, HEEMFEE[1994)RBHE T RAMAE TEERF
W, A4 T ARB K ZRROA SR ERYE L R R R I B s &
B, RIESHEKAREETMERESIHHRNUER, REEDLEAEE
B 03 F 15 ZMZ, BENAFEELTFRHRAG—NBER, # 0.65 um
B, MENSERBRBS RBRIGER 0.85. EE%([2004]%) b EH LY
B XS REHEHT TR RBRITE, BB T ZRYEERNE
EhtE, SIEMBAROERARL, BT FEDEADLSSBR IR
BRI, XTRPRBA RS TS, BUTBER, WRBSRS, ERBGHRE.
FEB2005)FI AR WTIM, 24T 2001 FEESERAZEEE. RE
RS, 18 P EY LR XY AT BT R FE LIRSS, S
AERARZMMEREERUAR—ESBRERMEZNEX, B5HRHX
BT HIEHE R KM . Haywood Z[20011FI AR HEME XS5 PSAP
TBREARIPALE 0.55 pm FSLKEUT RIBE R 0.87, FHRHUX—~FREEUE
Mie B H & BB MM AR FESAURSEHERH BT ESER .
Kim %[2005]F/ ] SKYNET Will, 447 T E B W LRBRE 0.5 pm B2 IR B
PHE N 0.89, HRAIIES RIAMNEAT] T-79 Wm?r". Dubovik & [2002]F]
F CIMEL #+#i TR ARBERIOK Fil, BRRBNEMER HEE.
Pandithurai 2 [2008]F| B AR RZ &4t 2006 £ 3 H-6 ARIMM, 40T ERREE
FERDCRREEFE T E TESRE, ERRYH 05 pm BRKEHENT
BI7E 0.74 3 0.84 Z[AZFM, FEHRERHBEN BEETEM-39 Wm? £-99
Wm?. McFarlane % [2008]FIf] ARM B9# 30 W8I & 8% MFRSR F1 MPL f
TR I, M RERESR, 0.5 um BKODLSERBRBS REE
AR 094, TKFHN 0,99, HMRIEHBENETIEN-48 Wm™r!, HiE
ATV HIEMD L KPBE RS ERARKIEA. 4, Huang %[2008)EF
L EERBHEOEE X CALIPSO RIEE RN L TYEDLSBERICERE
BERESCEREES, Eidxttt CERES WA Fu-Liou A MHE T Y
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LR RRES KBRBHFTE T ORRBROERaN KRR,

1.22 YA E KM

VLERBRERSBERAGTE. TAZUEKR, £OHEE, BAGHE
MERFENERPLZERERR. TREXN KBMERSE. HES A K
FRERSAFEEENRW. ERXSTHRAEABERS GO, ReTdEfN
Pk, BAHKRE. KB, BDAERKXETGE A H#THDY. REE 2001
F, ~PMEXENVDLRBEARERZVFUEAFHESRIIVET. 8 2002
8, PERRREDARRSERNILF R EFARNBRE, A6
Red. BHNBERENDARRREEHUM, NeETHEPEDELEYR
UMERFZL . BHTOERREELRETALZH D, KEBRHNTH B,
YLt RPERPHE L TARMRECH. BN EREEARTAE
FH[RERA S BADERSORE. BE. TERLEES SR IEE. P
ERTEE", NETURRBEROTMAHY, BEHAR., ZEI%HE, &
i‘ciﬂéﬁﬁ;‘r%%, BORRI RS A, IAMNRE T —FXEERM DL EH S

. REEHE TR LRBERM TR, K3t A 50 R ERTHEIATRIR,
A REFEH[BRRUFENTW, R EERODAITIES, FiE, 25U
AHIfEE. RS ERERFEFHEEEREMFRD L. BYIHHRNE TR
BEDEEKKMYA, William & Robert [1974] F#E87E Nimbus4 b #9iE EE
BASMESITE 10.5-12.50m EBRMUBNFRR, BESHTRS b2 DEARM
RE5ERFARBERXFAE, ElgE AT RIEEEEDD. Carlson[1977]
M NOAA-3 EE VHRR MAMZERRMAMBRBX D LHBER
Norton[1980)F H# LR EEF RICHIE LN THEBINGE LEH L. BA
BARZHFAEEBNDATFET 20 HE 80 48, TERALMERT
NOAA %#%|TE B AVHRR @4 HFREHIHERE. 1981 £ 6 ARHH
NOAA-7 BB E##E M AVHRR &5 VHRR Fi# -kt A, BF 5 M@l B
TRAPER 1.09 km, FH | FEKKHR 0.58~0.68 um 7 T RICEE, EER
FERZMBRWN; EiE 2 BK 0.725~ 1.1 pm AL F IR B X T/ B
BUCREMSARFEE. BE. KT) KRB, TARERHEBRRS R,
X 4Bl s BB 3 WK 3.55~3.93 um, B TR IR A4 R, %I R B MR 4




= MAFM LRI T LB R R S YL RN TR
HEREA S AL RGBS XA SRR ARG RITHKERES, TURNER: @i
4.5 LTk B, WK HR 103~113 pm. 11.5~12.5 pm, BWHSELGE R
KRS .
HASRTEERA, BRI A RERRRBREEERIE, S42 M BE
BRI ENE, BREXHTF. FRXFKERI[2001154 T oM
RELFRBBA R KBS FUR S, ARTE 3. Tum WM DR BRAESE P,
MEYLRTUEFRERS BN HS, BE YRR T KRN EXIMER
EEANEREETES. FHikRAT NOAA / AVHRR @18 3 Ml 4 MEER
HRWERRK. HA—%[2001)7 H A7 NOAA/AVHRR T RGE 1 &EiE
(0.580-0.680 um)FIL L 4L 2 FiE(0.725- 1.10 pm) FZ L4 E 4 EiE
(10.30-11.30 pm)5HR & =A R K E RS b L TEE 558 B BT I, £ mT
REPRU, sHRHIXSRTFREBEMNDAENEERR. FHE%[2002]H
2001 EFHEEFARASBLSREE#TESVERENHR, HIIANT R
VEERFEBMSHIDDL BRT FY BEARNSREELFEE.

13 RXMEEARNEH

GLEFTR, BT ARKE., HRBFALERGEE, FUREWL™
He— R BIE R o A SCEF SRR SRR BEIX P57 T () I R, R T T B AL AR
W ICE SR A BB T4 IR T KE A XD R RBR A ES
e, FEEHET WRUERARE, 04 TR TR RIS RERNY
W, AEE. EHTEDEHSRRGERRETKRE: RRFERIPERS—
forRE. BREMKNTERR, RERUAEREEZE ERERN, FHiksdF
P TSI BT R it — 248 T % LR ABRRARE S FEAERER X KIRY
LRBRCFREMERE: BRERATEIR., 45 BlkeRE, AT
EXREIRAGEST, REAHT T WA MBAE S AR, MRS T FA M
REZERMPENT L, FEEEBTRALBRON. BRI, BETR. 45
WBEHAWAS KRBT TERNDLRRS. AXMEHREEWHENE D
¥ .

B8, %% HENMATOERRBEAAEERNERAEE, HER
EETEA. SMEDENAE. HRRRET A MAEIALE RETAX




- #ip
ﬁﬁzwmamm%x.m%7¢xx¢uw¢m¢#ﬁﬁﬁﬁ@mME5%m
BERAFENSEERNAAAR.

BTE, SACOL WSERMPAE E5HIENB. SACOL 35 H 2005 F&FF
WMBIRIET, RREF—ERRARILKERFHENSER BN, BF%
BRI ERR NS, RAAREAILT R, $TFRBRX—SBEELER
WX, A0 B RIESHI KM BERIEF A1 A LA B VA X IS A AR 28 40 ) S B0 ) s
R ZEEHE AR AV ESEROFTREE R, EHNRAEN TR SEE
KRS .

B=E, PTEARVERBERAFFERE. FEANBT —EA AR
MFRSR £ 5 N AT WOGH B S A PR 258 41 5 BT IR A O Sk R B D A S B IR
FARER V. BidA SBDART RS R 5 H 1 3 i B K FRAE 518 B AW
AT, X RIEHEREIT TR AERIE, NTER T FEYEeESHN
IEW. &M,

BNE, ERBYVLHFHAZRERBHNEWN. EE=8F, £EH
MFRSR &Xf$3RERFRIERAONN, BERERBIEPBETLLNERE
KT, MR EDERRAANMERT. £X—8, FEMTTIERBLLRT
SRR DR T BT AR B R4 B IR U R R T IR 2 RIE R
AR ZER 0 .

BhE, PEREBRAZEENASWE. ¥ EERSBERBREAR
EEMREENE, B TFRBERERSPNZEMAENER, PEERUMNEES
BAGCE A EEUNSERAFEEN ST EUE—F RN T E. AENET
rmmﬁmmmsﬁﬂﬂ&ﬁ@ﬁJxmmWﬂMwmNmmsﬂ%ﬁﬁﬁﬁu
REEBMSERAZEESR, HiBid DE SHmmlREME, iHETER
ExFip . A NN -=Y i 2k RSl Ry c

ANE, DARTERNERS. PERA U R RIRD SR 2451,

RN R —FEXTEEZ R LEREAPERERENERFR.AEMMTE

ET R oA BB A B RGP R REE 1. BREITFBER EEMERBER

PIpArt MG A, REATR. 45, kS REABIBRIRADLE, NTiH
TRV ERRE. RE BORREREAERMNEAFER.

BLE, £RE5HR. RETAXWEETLEERARER, M THATE
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FER—iE 8, SEERERITHIERTREMTR.
L4 WICHIRH A

AXERBYERELRCFEEN, FRT BiiXTREFILYERERR
B BABAMEEOMAEL . ZHED 2008 FHEZHKZE. FRBREASY
B A, FEBERARRE SR E IR HASEHN 1HI(DOE/ARM)M L B = X
£ (University of Maryland) B X KMRBLAMNELLE, CEFHTHIERLR
FEMEHKSBRINAE, SREF X LT E WS

YAKERMEREH RBENHRAURBEH BEERFTEXREENER.
AR REA IR EE LD LR EREN R UERA . SMT R HA
MY LABEE /D X—ER WA RE Y LREE B AL H KR EEREZ
AF AR W EFEBITFEDLRERNKREN RIERNE EXREERN
fER. .

EREVERBRCF RN, KR T —BENAMEEH i+ MFRSR R
YERBEOCEEE. RFENR. RIFGEE. RREHREE, TXRETF
EMENENERIE, FHEIREXTRSE MFRSR (M MAAFE, 47T JERR
N FE5HR-EREXNRBL LR FRTAEHRENER, WRESE
BOCEAFEE AR, ARG R B X R B E S AT IRE .

EHHEEA NN, OIMERRNYERER E, Bt REREAN R
B E AN EH EHESR, RAD AN EIREA R ANEENRIER, tit
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FAZ LERMBRMD LHEEHE.
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E=H  SACOL S SHBRMAUEAR

B SACOL BHS BB PN 28R

2.1 SACOL ukf&ifr

ZMKREZETBRIR S IHE WM 45 (Semi-Arid Climate and Environment
Observatory of Lanzhou University, f#% SACOL)RZAREFILTE. ¥ TRHBKX
SBERLBUR TR, BTHAANBRES KMEEEIMER R
PRAE X3S (% 38 1k 59 E E W JI 3k £ [Huang et al., 2008]. iZ3E L FEM T X LAY
45 T KA KM PR K R L TH(35.946°N, 104.137°E), HIREEN 19658
X TREHEBTAMMEIRFRDRM B, MBELAFEBERK. IFERE
BFEHETEAMR, | B¥HKE-8C, 7 A FHRE 19C, E£FIHSE 6.7C,
ETVHEMEN 381.8mm, FHASHEE 63%, WIHLSFERMUAILMNRERANE,
SEFHREL N Lony/s, Z2FHRBIEH 260720 £ . WTRKFEZALE
FREE, ZARTEARE, RNAHTURRSFENLEAREFRBK
B %R [[Huang et al., 2008, FIZE%, 2008; $£EFk, 2008; |, 2009; £
R, 2009]. SACOL S {&ukH 2005 Fi2, FEEFK 973, 985 Wi H XIF FTEHH
RBRIELT. ZHR— MR ERFERINSERAT S, 8 SMEH#NS
R FIPF B MI{X 23 [Huang et al,, 2008], FEWNMGEHOEH: URBAREEN
W, HEESMMAERS, 2008), HEBR. &HEEWM[Zuo et al,, 2009],
LS BN [Guan et al, 2009], KRS SHARESAELEMN, KBEBRE
LRI [Ge et al,, 2010], PLKIE. BELWHNI%E. SACOL ¥ B EiXitHI#5)
WM R GUE A AT KRS EFSMR B MM LK. SACOL R REE—MER
B SRS RS, 0T EFR CEOP(Coordinated Energy and Water Cycle
Observations Project)y AERONET(AErosol RObotic NETwork){Holben, B. N., and
Coauthors, 1998]F1 MPLNET(Micro-Pulse Lidar Network)[Welton et al., 2001]i1%),
BRIE2RNEMRFELTRABREUHEREALRELMIHENNTE . &
XHIF AN RAYLRIER, RPEREDESBROEEHFEN T ECH T
BENMZER . SACOL WA ZEMHIER. BHENMNE, TEHBIENSA
A SCHAE 9L B F B B 4 A 88
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2 MKE SR LY SRR 5D L RN D BIE
2.2 MAENAB

A CTET AR £ BB A LA RGE T S B SR 5 DB RIS
e B RERT, TR FR 3 BE S v e 5 A R 28 R B BB U R S SE
it MFRSR(Multi-Filter Rotating Shadowband Radiometer, [Harrison et al.,1994]) 5
CE-318N-VPS8 KPAJEEETH(CIMEL, [Holben, B. N. & Coauthors, 1998]); X/ i
BRI TR BRI RBBELF SRR BB b it 8o
AEEIYEREREBEIEMEOSEN . HRES SHSHENER, 50
Bt te, BATHRS RS RISRS, (R T HE SRS M A2 PSP(Precision Spectral
Pyranometer). H #4854 {% 4% CH1 1 NIP(Normal Incidence Pyrheliometer) LA % #
SRS CM21 KRR, LT 824 B EA 4.

221 AR
MFRSR % S e AR A it

AERXPVEAERAFFENREEEE@L ST MFRSR HRHIE R
Fi. MFRSR(ATRLIERE MFR-7)R—F A FAMHIM AR T REBRERE A
WA MBS NERESERTEAMEESNES. AUBRERT RRESE
EEVRBEGN—AHERIHTEREAE —REASKIUR 6 MEHEER
(0.415, 0.500, 0.615, 0.673, 0.870 F 0.940um)A1 1 4> EL(0.35- 1 pum) IR ST
ERER. 2.1 ZEAEEKIE SACOL ¥ MFRSR LB, A B4 H T MFRSR

REER LG, NERTLUEH—#E 7418 3EFER 6 M BM—4
RERM KB ERE. SRNTFE 2.1 9554, B 22437 MFRSR §1/L6
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E=#  SACOL WS HEBRAKENA

HIEHAH T B8 0EHK, AEPATLLEL MFRSR EEHSH DX, BN
& Bl (B4, B) Shadowband) FIIRMELAR. UBRITIEZHEAER
P2 A3 88 BB 7E L 2 BR 2R B 1 BR ORI 2 (88 9 7 L 3 15 AR el A 8 7 3 2 BB L AR
WK, B EKTPREN LRE NSRRI BEREN SR DEEFERE
FHHBATAE A%, EHE MFRSR KBV E R Bt FARAERT, FIRERH]
KEPESRBANSERENZE. NS ITEN, SHDEHBHFHMLERE
B, EREDX LS RBIENTIEZ FF A iEH, MFRSR BB FI A KFMAE KR
MU B A BH 9 47 E [Michalsky, 1988; Redaetal, 20081 RZBHIEHHIMNE, &
VI e R Wesely[1982]1R B, TIZEMITIEZEEFEET Wesely
ﬁ?iﬂ‘]ﬁi;b&tr[Guzzi et al., 1985; Stoffel et al., 1991]. HENH I BER 2.2
BRI SR () IE T RS, AR AT H R, R S B AR T REGEE.
RIEAX R TRALEE 38 B 3T BoRFHAOAL B, 86 HEHE B KRR 7 1 R L RT LA
EEE03)UARERBMENE. FE LN, RIRERHIEE I MRS,
XA A R EEARME, EAE 9° HIMBITT A ARIRIER T ABR, #iEk
BHESRRTOERE, ATRBERBHES . 4 MFRSR Rl 7L 5E5

BEERE / L
N

2.2 MFRSR JUfa/ & E[E R, 2009]

RESHES, BB RET — S RARAT A M ERES, FAE RN
BEHRUKBRTARTURSEERXENEZBENEE. SEGAEFNEN
#4Ht, MFRSR B & MRS 7 TR A — MRS S8 S A BT ia &
B, XHUEXSHENKEFERE, I URERSEEERNBNENS
BERS LR ERMRSEBEEEEE, T LR R/ SRR FE



EMREHLEMRT A ETERAFFERRSDERODERT

SHERR, BTFBZEHERFEMLRATIANRE, BFRE T XBHE
FRMERIRT B RTUBORME, RIEWNFRHREEA RN Harrison %
[1994], ERIA[2009].
CE-318 KKt

CE-318 KFRJtEE it £ ik E CIMEL 2 7] 4 7 9 — 3K W] LA B B R R K PR &
BREMCET. CE318 FEBIEZHR, TEEERA. HOAXKEMR
THRFE AR RERTERAR REMSBRACERFE, & AERONET
MEEEE, B234HT CE3I18 MIEWE, ZXBH=HoHEHR: HEEXL,
BT RERHEASEIREN R L. RERLEHRNEE, WFHR1.2°
—AMEEEGRTAEEE, UEEMICED)ERWNNAMR/ B 2ERE, —4
BEEGAFERUNRTERE. BTHEARHIMUCIERA T &/, 3%
BBEMEH NS . £ERAT, Si@EARBRNBIEKRSIE, B
U NRANEFLTE, ERAPTLATEIRSNTRFERG. 2
HOBENRGEERERMNGTUARNEBE, HEHAPH CPU BEEAR
TERBAL B I SR R ST S M AE A RE, P ARYE [0 SR PRER 28 52 52 2 A9 K BH
BHREERMAA LR LA B EKFREE R T 0.1°). CE-318 3:XMH
RIEEMMTE 0.34 B 1.02um Z[AF) 8 ML R BHAT, 8 MEBRIBFIM—IK
RE 10D, £L. T Langley BIFREM B, 8 MR 3 KWAA
—#H(30 %), BEMEERN 3K, REFL 30 BEHT T —KAMED 1 548
HAT— AN, HANEGRMERA 15 58, BFZ0ENELBEREL
#®, @it 30 BTN ERERE 3 KW AR = HER M. REETER
WTE 0.44, 0.67, 0.87, 1.02um WAEEME, A KPELIEN Langley BIEME
i, REBRELEHAME 20° HAEFHERI . HRARMITF, —FHKRAN
“almucantar”(BiE AERTAMM), 5 —FFR7“principal plane” (BHiENEFH
XY o BTt X U NG ) B 9 7E T 385 7 B T O A Y R P L A B e
SR BEREHS GRS RE, NTRGSBRAR TS, BEARE L
Bt BB HoR SRR A LA 2 e KPR A 2SR
M ERBRIAFRLAWI. principal plane MANFF 5 almucantar F81L, {B7E
KR EFEHAFETREN. EFERMMETRBEEE 6 fLBFBERRFAL




W SACOL WSEBONMBNA

FMAREWE, *FF AR KR T 5% 2 LR ms — ik 7 2 30 BatiE. k
[ERAF 2 B, FFHREDHEE 1| AT —K([Holben, B. N. & Coauthors,
1998]. CE-318 MMBIBATLAE B S hpiE BRI, ol LLiBid ML TH,
EFT LAl GEOS, METEOSAT H1 GMS TR i#iffE . %X B R B AERHE
FBERIRPRJCRE, T2 TRERMAH A, AERONET FIMH FHEMH R KB E
BB R B R B NS E M, BFRIERBBE. PENTER
FE .

[ 2.3 SACOL ¥§ CE-318 3t¥®

2.2.2 ESE RPN S
PSP:

PSP A& 1% ¥ F) 30 E (Eppley) ®it, EEARMRIE 0.285-2.80um HER K
HEZEHARTHSES0EST. B 24 AZRENTYE, (BEARA
14.60cm, #J9 11.06cm, EZ32Kg, HFAEME, WAKA QGG RE, H5
ZHRBREF RGN BT UL ZRZGVMIRS, BRBRENHERAEESE
GEBACOEERN, Bl ERER. SFEEIR WG295 BES T, %
X3 B BKLITE 0.285-2.80um Z (A&7 1 L K94SR R 51E W9 . PSP () R §UE
KEHR pVA(Wm?), 7€ 0-2800W/m® 2 [A1IEL: M 9£0.5%, -20'CE|+40 CiR%
AR 9£1%, BEAPE RINA AR LR 0°-70° J9£1%, 70°-80° J9:+3%.
PSP i@ H # A RILA B R H VAR EREA RS ES), HTUERKEST
Im AbEE & AV E SRR MBS B, RE BRI ESRES T
VU8 3523 AR PR R AR S B 4B AT . AT AT LS PR PSP — /N3 v R PR TR,



EMRFEM LR BbR LB IR S D A RN DRI R

—MEEEANMER, NTBIRRBIRREE.
: T T Y

CHI:

B Kipp & Zonen AR 47 ) CH1 HE4BST i EER A TR 5° 647
EARARASESER, & CHI ZHEMWIBREAMNRE Lt KM
DRBEETHRAUZAAFEOEERMRESN. BEARCEREHBEREE
RE20.75° . B 2.5 PAEER SACOL 3553 78 X dh A PH 2R 874X (Two-Axis Sun
Tracker) £ CHI 2B, ARABAE. BPFREENBAEASANEE
SR TR, RS EER 38mm, KERN 349mm, UBREEAHALEES
BREEET LA 0.2-4um BRI APRE BB AT, REERLH

T A A Y W

Al 2.5 SACOL 5 KFABRERX = CHI LY BI(E) 5K B(E)

7-150V/A(Wm?) #£ 0-1000W/m* Z [)HELE 1B H+0.2%, T AEFFHEIE FF H-40'C 2
+80 'C, -20CE+S0CHIBRFERMIEA+1%, B8 5 BB ETLAT USRS
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M_|  SACOL W™ U MR B8

Jox3w/m® fIRE . CHI ZE 8 RIZESE B B3 BE 9 800 W/m? (4T M F il T
ﬁ%o

NIP:

f Eppley SR Z 1t/ NIP tnFH L8, 28T # % B 0506 A0
H#EEA . 5 CHI —#, ZXBRERRKTERMEEN ETE. mE 2.6 Fix,
Two-Axis Sun Tracker A3t LM & NIP(L %5 CHI). BB AIHASR
HH(WMOYI— 4B, FEKN 2794mm, BRI HSEABE, &H
EEARARE, BAEXAENTRETHEES, ELAHRBER I LS
(ange) AT LUE S MR F i E L WA R AR SR KE. XEAHARSE
FKEA 1: 10, ARER S 0.28-3um WL KPR B AR FLEANERE, #
JERRM RO AR s, EHAEBES, BRI EEEE
FNERMBINERFTE. NIP () REHELHR 8uV/(Wm?), 7E-20CH+50CTEH
IR FEARKBIE 9+1%, 0-1400W/m® Z[A1EL MR 29+0.5%. UEFH NIP B LL %23t
M AN IERRBE R, B F R XA R NI R B R 4E
SERER.

5 Aok

ENIPZ#E

ety i i T

2.6 SACOL ¥ KFRERBR{X L NIP

CM21:

Kipp & Zonen 2 &4/ CM21 $E5 i+ EE(E AR LK Fi L7 & KPR
HERTESTEN . ZUBMA A TEER 0.31-2.8um, PLKIEH HEEBK
% 6 [ SR SO IR S 7R A AR ot 24 B PR 1) BT GRS i 48, iR 28
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EMRFEF IR Bt L ERAFRERR SO L RN T E Y

HAEEFEROBEEE A NBRE NIREEEEAEZNEMER. ATRED
MR TSR A 5 [ SR ST 3R SR B R R BYRT, CM21 5 PSP —H#R A
WERHET, REFALA T E 14pvA(Wm?), FER/DNTF 1000W/m® f3EL 1
FEH£0.2%, -20CEI+S0CHBERUBBRME N T£1%, BN 5 BHRETH
ERA RN TE2Wim?, LA 80CH 1000W/m? BT R AN BHIREE
+10W/m?, ] LA7E-40°CE|+80°CHIFF B F 1.

2. SACOL # CM21 =9 A

2.3 /Mg

AERMENART SACOL B BAL B . IR88 R F EHAT 9 B % W5
H. REARCHAFAERBNRER GBI AN G, BB 7@K
R LR SR R IO 245 (9 MFRSR 1 CIMEL WR 2%, LARAATF
WA PE SARAS . EEEM BT ESTR PSP, NIP fl CM21 =Fb KRB ER
BB, THERRTAEHE.
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B=K ATFRHRYLTERAFHERR

F=F FTRMRDE[SBEBRARRERIE

3.1 3|8

ABEEAEER-SEGNES PERRRE. ERERGL T PEEN,
HRU R KPR RS F T H-S RE RSN R ST MK RASMES . (RT3 X FpF
R PR3 B A SRR 4 R BBl F B 2 4R ST B F[IPCC,  1990;
AITE, 199; FRigE%E, 1998]. SEESE—F, SBRKHBRKWAIREHN

BRRETERMYWSFERUNEERFZ— ABRAS R RS a2 A
ERMREER, ERERRERTFRETRATHRBERM K., EEES PR
WRBHER, SRR RGEXRTARAE . S IEE B
SliRmES PERFEER Y 7 1994 F£2Z 51 IPCC[1995]54 & SR H 3Ria s
REXSBEMANEESTEREL, XERIMEASIRHR. XIBTMHE
STiE B A A AR EM RERM RS BIES BE): FEERRIIBRATF
MEETUMEAZHRER, ZET ZRAFAN. 8. EaRNSEMENHY
WERSE, NIRRT =HEHE, BnTRIRASNES TFE. Bn<ER
AN REEAN EERFRRERIRN . KD BESURSERARER
4 [Penner et al, 2001}, XHTFRARMEBBERIAGEARYE, B RELESH
BBERMIEERERABRAFNAFEE, 5 AEEE (1), 2K
S REE (&), AHHKREF (g), HEH (P) UREHFER () F3H,
RUSERAFSHERBERKOBEO EBEESHBRRTFHYE. LELD, &
S AR E SR 4K Z LT [Haywood and Boucher, 2000; Penner et al,
2001]. HHIELMAEARENTAERFAASER, RAUHTRERERNRF
MEGABBE, RPEREE. HEAHE B ERUURZFMAKIE. WK
. REFTESFEHARW, EHANEEERTN. RESBBOCERMEFET —
EAE, GT0A R BRERIRNSIRBLES RIETR TR E %
(BREEBZAMFSHAHE). B 3.1 BFNK IPCC M & REREHRER
FHIRIEE AR B a5t iX KA FRHARAF . B TFARKBREETS, BB
ST3BEE N-0.540.4 Wm?, WIRATEFHRE. MFFE—R—FHEHSER, K
ﬁ%ﬁﬁﬁﬁ&%k%T%%ﬁa$Xﬁi§ﬂ%%@iﬁ%w AR RERE R

1



EMKEM LR ALY LTEBAEFERFNSD L RO ZERN

B, HERMEEBIRIAN-0.1£0.2 Wm™ [IPCC, 2007], MiX—HIEalLAE H
Y BB AT IRIE M AT LAM-0.3Wm™? ZEAL B)+0.1 W2, 3 A7 A — MKy
FHeEATEE, EEEDDURBA URAMBEERWAER, EMRAEN
FSEfELTE. ALER—POREYLRBROTURBEHREER, R
ENYEANBRAFRERT FREROVRATFA. ET i, £FEF A 2008
RRAVLRMESR, RIRTREAILDLSBERAAENSE, HIEANATE
MREFEESER.

EERFHEHNERIE
a) AIWHR . ) nawHRx 7 | omAs  [weaw)
KEOM J i 1,65 11.49 ~ 1.83) 218 -2
p-k At S : 0.48 [0.43 3
'\ , !'C'."; L= Q. .‘\}8 -3
ax U [Car e | k| P
. I |
ﬁ g?gia : | 0.07 0,02 ~0021 | £1% {E
A P SR T PTYTIT TP
A h; _E okl bl 4 i 0.410.0~02) -4 | -
& f HIEHE II| = o5 0.8 - 0,7 i::&" T{ﬁ o
% ¢ . - b 3
Bl =ras >—= o7pe .o | KB ® |©
“GREXE ! : = §
SRR i | ) " 001jco03~-003| kiE | {E %
¥ xmams . H— | o |oszioo-000 | &up | % g
2 o1 0 1 ' 2

WNAE (B RHK)
3.1 £RFHEESRE (5l BSBIUK IPCC, 2007)

32 WAREBOZERRIE
 BEREFEERENRRFE-—BEAXRSEMEEEE BB [, $AI@E
MARAEEA A SRR T OB RE S RECEEEFEERmZ M. ERTT
R—BEAMEN FILVRREN , S BOR T B U R A A 3
HIRFERE R R /e HEBERRERAFRES BRI B EREENYE
&, EE—ERELRRT AAPUEROS R, RSB RN
XA T AZEEEAADEERR T AEREXTZ AR MRS RS
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BoE LT RMED TR R

HAEHK A
3.2.1 EAXHE
AP A B R R K T K AT 0.2-4.8um), /W M- RGEAE R — e R
BRI TR, FR RS RS KEE RO ESRS, WS B AR
85I R R BB 2 RS TR Y ERTE R, B Beer
B, HRERTUEH
al,=-I1,-k;,-p-dz-m 321
Ko, mRAMAR (RRGTFAN, BEATNILER), [, BEKN
AMAWBEERE, U NENEEFIE—EEOER, p NI R
S (T A SRR OB TSR FESCERAR), e, o R TR R T L T
ke AEEFEMEL. BAEELERNE XCTUEY 321 R ALES
k,-p-dz PRRT 1E de BB LRERAZEF ML, B 3.21 KATLUE—F
55
dl,=-1,-dr,-m 3.22
322 RAEHG MR B KSR TR B3):
I, =1; -exp(-t,m) 323
323 Reb [ HKRETHA A AR EEERE, [ WHRELT AT
WM AGERRE, o BFEABKERKTRIGEREE. 5 323 AMUNER
ST LA/BE) Beer T MATH IR 3.24:
InI, =-t,m+Inl} 3.24
148324 RATLVEH, MBMMELS, [Fmid, READHEER S, X
FREMTHEH, I, 7 LLHTH T MFRSR EREH AT, 3T B FETATa8—
K=, mEAERTAORK (<15 B, TUHAR
m =1/cos(8) 3.25
BATMIERER, BHoRAN (B, HEND, 8325 i BEHNmSES
X, TBHE LRSS m EARBT 40, 1B m T MERT LB 3.26 [ Young,1994]
W E:
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1.002432 - cos (0) +0.148386 - cos(@) + 0.0096467
" cos 3(0) +0.149864 - cos?(6) + 0.0102963 cos(@) + 0.000303978

BEL,, mE, Bl B—FHENRRRL. I RASRTANS GAR
YR AR, KAMEFEM BTN EEWREE, BRXEXAT Langley
Plot SMEH/8 .

» 3.26

3.2.2 Langley [E13 41

BRBEKRAEY— BERN, RAPAESTF. REUERBEREH r, 7%,
W 3.24 AATUABEA—MHERN B~ REERER y=ax+b. BLHFEE X
R 3.24 AP EIm, YAKRy SRMEMMET,, aARE FRir,), bAy
HhAIEEE (BD 17D @i Hu T MFRSR BT, RATAT LK SRS 2R B m FI T,
——Xt R R (RN Langley Plot), 3F@dstX & mEERE, MMsMEEE
LmAOMEIBEL,

RE Langley FiER BRI A, BH, AEELKSPRERIESBREE
BEENZRENAMIEE. 55 ZHHI. MFRSR B E R KA LRSS R
HEERRERES, WHS™ER WA Langley HERBEIEM I . RS
fr %%ﬁfi?ﬁﬁ%ﬂﬁﬁ 7, HZETE . Harrison[1994a){8 tH T —E & M 7z Kt
BIEEHE, AHEREEARORERBT Langley BFSE. AXE&H
Harrison 12 H f1iXF 75 1% 9w 512 5 2 W u I XS0 S0 B3 Hexd Ho e %:*/H&T R,
33)7 MFRSR & MKBHI 17 o« X F LB Z T R E (’@1%7’6 LN, £
BifZ IE[Harrison, 1994b; Alexandrov, 2002; EXRid, 2009]) #BIEHXER
JBUHI MFRSR R, SME L KKE 5 MPR: BE, MNATERR (LFRTFH)
BREBITREREmENRE, RELAmEKRNME 2 3 6 ZEMEEEAT
Langley /5. XRE A mERAN (BHEBEE), KAITHEIEXTERE L
EHEE, FERRKOTFEHE: mERN GEF), H48mEHELED,
ERR/AE IR T IRERSERBERMMERS, NTTRWER; HKE
RAMERES RS, MEESWE. B/ dn HERT 0 BEHIER, FAXLE
REESRE M HILERE . ELAEX— P EE B EEXFL R E.
R MFRSR YLJI RS R IR/ T 1 2080, MESSBIRHIT | 87, BAFK
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B=E I TEBRXPLNBREESERIR

RERORT AR, W e TR UK I, BAREIR/D, XA SR MIBENLIRE AT

ELA B R BT KR [, (B E, SRS ERMERNREGE. SEE

B M ARG LA, FILRHIESAT | 4 TR TR SR

RE, BRLPREREENES, IR | M8 PHTUABRERE. B=5

REBRENME-SHRERHROLEBARS, d/dn KT 0 1 ATER. B

5B/ ZRIEX R T AT RIEBA, RE T EIEGR AR E R iR 2

HFRHEE, BRFTEREEATH 15 FEERENA. SESHBERAA

fREE, FiFE E LRSS B TOA HEI T2,

1 F B3R A8 Langley BT 7 0% LA F /LA EBIEE:

1) %M Langley EIERIHIT, BEERAEENER, MBS S0 HIENE
ERESH TR ARG REYN, ELRUEES, NHEES R,
SMEEAB B 19 RA FEAT B Lo

2) i F Langley HIEMRTRERASEREN. FERESRAMINEEERS

BB, SERRETLFAHE.

3) LR, RATEBEHTFAEHEN, NBHERRESHM. &%k
BULRBIFOITFAMERBIM I, HAFaRAN L RPYEENRE NS
o MRESFEBOMDFHRE JAAUL), BELEhTHMERS
R TOA RARRM I, 323 REVEELERUHMEBRERT, &

éf,ﬁ¢r%$ﬁamﬁ%.rﬁ¥wamﬁ%,

3.2 & 2008 £ 5 A 23 Hi# Langley Plot. MEFAUEFLE. FFHM
MARKMEMEEFEEEFBOMEXEREL (5099) MEEMIYHRRE
(<0.015), FIEH b LRSS BS Rk EARNEREENS RIaE 4T
(9, FAMRYE Beer EEUR LAGHWMEEL, L. FHERN I RPN %™
B8, ATERE-ENEELE—EMNER. BRX—EHNERE T X
SKEBEEE L. THH Langley BRMBAEEN: WBRREAKT, ERL.
THAPRENSE. ARUBHEE., AERAE: XRENGERE: ¥ANE
BEMNEREHS. HRERE LN, £ FTRMENEREEER, —&5TYd
AR —RE IR
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0.27
e 495.5 nm
- Mornin
[ ey W R=0.9 99
0.0/ N RMSE= 0.0137831
t o Aftarnoon
3 R= 0.998656
L s RMSE= 0.0145623
0.2 b -
“=
E 0.4
0.6}
b oo1=1.98339 :
D8 I,=212918 > .=
100

2 3 4 5 ]
Air mass

P 3.2 2008 4 5 A 23 H MFRSR 495nm # E¥ Langley Plot

3.2.3 Rayleigh U F S A&IR WU 1E
7E 3.24 AP X Langley Plot ik AMERE R 1) H, LLREA R %I B %

MBE L, BRI mE, EUERETEH AR ZISNEEEEr, . I
AR, REZWEAT. BERAWKKEAZEERE, BdRXAa T
(Rayleigh BUsH) . SEBM. UURSBERBG ARBCERIAR. TTURFA:

Ty =T F T+ Tp +Th0+ T, 3.27
Hpr ARERICEEE, 1, 85T rayleigh BUIH ¥ BE, ¢, BRERYIOE
PR, 1, M, FRAKE ZEREREEE . RBRHRBEREEEE 7,

VAR M ENCLBHA RSO EEE o, P8R B 334 H T MFRSR

B EBUKAM LA KBS LM 1E % [Yankee Environmental Systems (YES),
2003].
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B8 FTRERDETEREERHERE

10
1

|
w0 0 " 1000
Wavelangh (am)
& 3.3 MFRSR & B R (. 7KK & (5] § MFRSR Installation and User Guide, ,
YES, 2003)

A LLE H RETE 0.615um MHE A BRI HXT 0.5 71 0.673um BB A —%E HIR
WEm, REMEMEENEEEETUHAN 328 THBEEH, HPN(@) A%
—HERMERARED THOEKRE, o NEANRES THFAEE (FTEE
2% E.P.Shettle & S.Anderson[1995]), R4 TR LAH Total Ozone Mapping
Satellite (TOMS; Bhartia et al.,[1993]) MR (BLF 75 EK 1 Dobson ) EH
2.69x10" M REA D TF).

r, =0, | N(z)-dz 328

KR 0.94um B HERAIRIL, TixtF At 0.415, 0.5, 0.615, 0.673, 0.87um ¥
BRZEHEA 1. BFKRRIGERBMBARMAE SR, TA@FT 0.94um #
B, %#FHAh S A MFRSR BRRESBBRALFREE. NOEF B EUREE, K
ERSE, BEXT0.415 # 0.5um F—EKRHL. 7TV X F0y5 48 E fY X 0
THE R NO, iH M TTMR, THEHESE 3.28 X—, HPBAPHERKIES
NO, R & ¥(# W A Bl ESA Scanning Imaging Absorption Spectrometer for
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MR R LD L ERAFFHERIRS L 20 LR 1 H

Atmospheric Chartography (SCIAMACHY)#£l. TEAAB MW LS ER D, &
TEIPRR b B S, TbisHy, RERKHD, AHEEEE NO, |’
Wort S F R TTER. Rayleigh U3 7T LAH 3.29 K [Liou, 2002]it .

_ qevdasaray L
T = @+ BH) AT — 329

b a=0.00864, b=6.5%10°, c=3.916, d=0.074, e=0.050. H 1 P 4355 W0 S48 5 (X
BT EE MR (km) A R SUE P, RIGFHESE. B 3.4 A1 T4id Rayleigh
M, RFEPWEIEL, RENSERCEEESR.

0.8_":1';';‘":"-"1" T T T
135.5 nm
E 672.8 nm
04~ =
z b
| I8 ]
k 4
g 4 i ,‘;}‘?f
£ L ol e ]
r FoCh "kqw{tt:_ ‘-N:“',_f 3
02- ,;-w e ‘l';" v'\‘ '-f; ::;‘f 7
RO ]
} _.M"" Rdad v iy ) -§ f*W £
0.1

8 8 10 12 14 16 18 20
Local Meridional Time

B34 2008 4F 4 H 24 H MFRSR & BV AR Y229

METATUE L, KEREEREEEFE 14 SFFEBRINA. 0.5um BBEN
FREER 0.15 £ARERKE] 0.3, HMTXFHRRAFENEBRRT BRI
BEMEIW REAT S, ERRBERKER K. XL HEME LRBHER
.

3.3 YWASERK LS

331 EEEX

R T B MEORER RN F R TEEANRTSE MR 7R, hF LR
BRNT FFAR KAL) —, MADARE[ERA R LR, Hikd
2175 12— FRLF A R OR AR B BRI F B9 SR A, MBI AR 5319 21 %
WAL WBTFARY, LB 2108 % 77 LA e XX 40 E &

31



BEZE RTRERDESBREERERE

44 B BT IR < [Whitby 1978; Shettle and Fenn 1979; Remer and Kaufman
1998;: Dubovik et.al.,2002],

C Inr—InR,)? 1 2

dv(r) _ ! exp( ( /) + C, ex (Inr-InR))

dinr _\/i;af. P 20,° ) V2ro, P 20,° ) 331
V
fof ‘f“(’) ERE— R AEREASTOARIRE, C RS TARKE, R 2

X%, 0 REE, T fA c FHRRHRMHEMMHAE. BRIE Dubovik et
al(2002) Tk, BB H E 0, Mo, MELHI 042 7 0.61. Eitk, 3.31 K&
RF 4 RME (C,y Ry, Coy R, BERHSHERRTHNM, REE
X 4 MEBKE.
332 REHE

AR F IR R AR AN A9 [Buseck & Posfai, 1999;  Yang et al., 2007,
FERBW LR FRBHBR B SRR FHEEEEH. Fbx FligERE A
B L SIERES, W RIESERECFEFRER KB (0 CIMEL,
CALIPSO, MPL), #3235 F AL w4 B0 MU A R BOR JE % B E /9. T MFRSR
TR REHRRZ N SR BR SHFENEE, B AR -FRRRHF
AERET — &, SR SR AR T3 RIE S R 408 2Tt
8. FTUERBRIEED LR — WK T

B LA —RERTER T, RITTLURA Mie B AERRERE
A

rmax

= j;z-rz-Qe(m,r/l)-N(r)'dr, 3.32

3.2 R, r HRENMRTER, O, 8 Mie BFITEBRIND AR FEAKE: m
AVERFRIERFRE PEARTFHEFHHEELEERRN 1.34-1.7Kin %,
2005; Zheng %%, 2007], XBEBRIMRERN 1.5, EHEX—HHEPRERS 0.007
THBALRHEAENTE, BN King F[1978]MH KRS, 3.32 RitEEHK

BOC#BE T, MR HERERRER: N(r) REEXSHER YR T HK
B, B ETRAM 0.05um F| 15um. EH N(F) 5dV(r)/din(r) E0F
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ZMREHEZAEX ALY LABRAFFERRSD LR DERR

KR:

N@r)-r-(4/3-z-r*)=av(r)/dIn(r), 3.33
R 3.33 AT LA 3.31 RARN 3.32 KA. 1 F MFRSR & A4k B (0.415,0.500,
0.615, 0.670, 0.870pm) M IR SER ¥ B, aT LB RiEEBIHE
FEEELR 3.32 MEBERTEE, NmER 331 R+ (C,, R, C., R)
WAREE. BGEHER: STREOE—ERI B332 85— MIBLEE
BT i+ FPHRABUANRMBE, HIFTE S MEBROEDSHAUAEERE

(T ) RERPHMEER D, BHE:
1 k - 2
;;(Tmod i ~Tobs i) ' 3.34

wEAA (Cpy Ry, Coyr R WAMEAEENRFLHSLHE.

o
&

Re=0.991

dV/dinR (# um®um?)
-3 o
2 8
T T

e ¢
qss-l T

0.00 f >
0.1 1.0 10.0
Radius (um)

024
& [ —6— MFRSR |
g 021k e Model ]
4 018} ]
o
g [

0.15 .
2

o120, : . ,

04 0.5 0.6 07 0.8 0.9
Wavelength (um)

B 3.5 20084 4 A 24 B LR Fo074

& 3.5 F TE—1EE R MFRSR Wl GEABE A% BEEFHMRER/ P, &
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BER  ETRMRDARRAESRR
WER e B R . 249 MFRSR MR EE R, S%H Mie B5TI2R
WHEEBER. ATUER, BT 0.615 M 0.670um B BAEHLE WA /25
o Rt =AM EBRRE—H. B 3.5 P LE—EEENMNA MR F oA,
ATUE NN FWRRER, KETFRERKRESMEEERS. RIIAHTH
B 1A TSR F 2 S BRI E MRS, 7T LS BTk 11 M
Fr WEAHRA—B, WHERTAAAE, RMTEBIRE C. 4ADRTIR
BEC, i 10 £, KELFHPHIFELER 2.22um, MRF R, FHEH 0.137pum,
VAR BIRLF RIXF Rt 5 Kb <IBRE 3 24 F [Dubviok et al., 2002].

2 3.1 U MBI LR T A SR
Case  Cp(um’/um’) Re(pm) Coum’/pm’)  Rc(um)

Apr22 0.010 0.172 0.209 2.26
Apr 23 0.011 0.185 0.147 2.30
Apr 24 - 0.009 0.167 0.117 2.07
Apr 25 0.009 0.155 0.124 2.14
Apr27 0.010 0.127 0.104 1.91
May 9 0.014 0.131 0.070 1.99
May 15 0.027 0.101 0.211 2.29
May 16 0.025 0.110 0.199 232
May 19 0.036 0.125 0.190 2.22
May 23 0.007 0.109 0.060 2.31
May 25 0.011 0.128 0.094 2.57
Mean 0.015 0.137 0.139 2.22
Stddev 0.001 0.028 0.056 0.18

3.4 BIRHEU RIBRSAMKRE T RIE

3.4.1 BAKS
BRBHRBEE o BXABERE Q. SHARE Q. MHE, o RRT

RT3 P BUAHE A S L, R O, MBS BT 0, SR TRE 7”2
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MK 20 i X TR RBERA LR HRR S LR D ELR

Qo _ Tocw | 3o gt it
Ot e

HPEEZXEENER, o MESTESREEMRKDMEEELW, TURK
BENRERNBEENESR. LERRESBBRNBREH RBENEER
0.85-0.95[Hansen et al.,1997; Jacobson,2001], Ramanathan et al.[20011#5 H X @ K
F 095 i, RBREXRKEWM=EMB M RBEANRENAHMSEAG, Mo /A
F 0.85 B, SHERENSKRWENBHRENEME, MHSRAKHLRER.

AXIRE T g R X AHUN1H R H P(cos®) HI—WrAE, B AT LA R A BN A &
A S AT T

th, Q.. NEXEHo, En’l. Po=

g= %I_‘l P(cos®)cos®@d cos® . 341

gREHNRMEARBIEL —, HREHEAN—NEESH. CHWEBH
BENFEROAER. gOHEEN-13 1. BFE2NEREN g1, TR
R g 4 1, &R ERAEES GRS g9 0. FEASCE SR MFRSR
RERBRICEY, WIRERSIEBRTF RN ERLE 0.05-15um WK T, 6
Lorenzo-Mie K& FF. Mie HRKERRESH FREEHFIEE, FikgRr
T I B A R

3.4.2 SBDART ¥R A4 _
EREABERETEEBRMRARBSRBR o, 5ANTREF g, W, FEB
HRBEEFHERER, FRANBEHEREESNN -8, AABLEENER.
EENBRIEHER, BAMANENERRKETNA. SBDART H£
#7 & Santa Barbara DISORT Atmospheric Radiative Transfer. ‘B&HEEMFIER
T REFTEMRRGHEFR AT REA— N T UL BEBENEZFGT, FHE
FAT K S B SHE R A K [Ricchiazzi et al.,, 1998]. RSP TT LARHE S BT IME R Z
frEs eIt . IR FEEEGHERT i — AR R ERT, WBEBAIRE
RS ERIBR (DISORT), fE/F PR AR ESH K (LOWTRAN/MORTRAN)
PLR—EZM. KRN STRE, H3H 4 # LOWTRAN/MORTRAN #4177
it SBDART EEHUT/INMEERES: (D) fFEXRSEL: HX+HFH 6
MENG M KRRELE, FAHNRAT. PHEELT/EE, BNMLF/ESIULK
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REFRAERSELR. /AP BT LA E B ENKRBLR. (2) iR R R ER.
SBDART #35€ T #i/K k. #IKE. HiK. ERYH 5 MibRATY, HUSH
R EHIERBRORBE, APTUIEREX/LHBR, B3 MR
REBRNESAE. XEEEE SBDART \ARRHFREAANE, SKHEE
EALXN. 3) =ROES. ZRESZLAFMEERS, SBDART F4%E
TR PRI AR KSR T Mie 2 FFHSH. (4) XE0FRIL:
A HRBGE LR E T LOWTRAN #i. REETHEE %M T, M 0-50000 cm™
BERMHKKES, B RMPANSS FERN RS MM R EEXANTE
B, L RET line-by-line THEBEM. (5) RIFK: SBDART #HEAEXT
SEROEEDM, HEEE. URBARBHE. THREFELZFESH
AFTLRBECEEMARLESH. (6) WAKN: IAFAKLTKTFHRF
FRE, HFAFSFERBRE, Bl FamAa— M ERESR. 35
BATRILE B B Shettl F[19801R MBS KT EBE . (7) BHEPIRESE
@ BEMERTTERITE B DISORT R4, FiTKEMRILAEFRA FTAIER,
iE#§ SBDART B—#M . 418, EATHE. DEENERHANKIES
et

343 REHIE
N FH N FEA TP LRBRE RN ERENRBR o, 5ANHFE
rTxn'-rz +Q,(m,,r/A)-N(r)-dr

@, = rr:]ua: ’ 3.42
4 f:r-rz-Q,(mz,r/ﬂ)-N(r)-dr

rmin

[m-r*-g(r)-Q,(m,,r 1 2)-N(r)-dr
8 =" . 3.43
[n-r’ -Q,(m,,r/A)- N(r)-dr

H N(r) iy 33 HhimEBAs, AMRFORARNKRETF g(r), #xEx
Q,(m,,r/A), WHHEQ,(m,,r/A)FLLA Mie RFFB 3. 342 53.43 RepmE—

AZEREFABF RS m, (ER, WREHEREL, WA LR Mie &

36



= MK MR b L BRI S L RO B LM

HEFRANTEBYERBRN TN, 58, . 23CA Herman &[197511H
# DDR (diffuse-to-direct ratio) 753%EKHE Z i E 5 EH. DDR BEIRF4
REMZORENAINOEGTEN 5 ERE LEE SR —B. X BRITRE
WL {5 3% LA R U0 408 7E I o D oA A, SR T USRS Ly SRS, B

P, WU %cE AT LAiBiE MFRSR B 5 ANEEAHEE [, f L, HAKES
iL#E SBDART BAFMASBRAEEE (v), BREFHREBER (8), AR
BHF (g). HPA%EFECLH 32 FHEE: £ Mie BFPHE—IEIN5HE
BUER, ATUH 342 533 AHERIBH 6 58 1. &5 g SBDART
IR R BUN S 5 SRS, HARBIERIT IO . ARERE AR
ERERTHE 0 5g HF 3425343 XM o 5 g RN SBDART R IHEEZ
MEGTER 5 B EA ES R AR Z DT 5%. XEFINAE IS EHE.
®f g REBMYDERBRAEFSH. B 3.6 4HTE 0495um KR, WA
MR BSHES 5 REST HHER LR, EhRAMLLRE MFRSR 4 F 24 B
REOMMERE, BE+FEREAANBRRESERAFEREFMAN 60 5 ¢
BEIMELLE R, FTLUE BRI SENLE REE -3, XRIET ELERELE
T RAF U .

'l 1 1 A et 1 i
4 [ 8 10 12 14 18 18 20
Local Time

B 3.6 7E 0.495um BB, PUAEBDKIB RS 5 B HE
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maginary Part
e ® o
o -] [-]
o @« 9
L I ) iy
asasbaaaadaasaloaaad e

bed
o :
2
)
'}

le Scatterin
P15

F
L~
3

Ty
1

04 0.5 0.6 0.7 0.8 0.9
Wavelength (um)

B 3.74 A 22 BY MBI RIEBBIMER. BKES RBEAOAXRET

3.74AHT 4 A 22 AMBIREREIN 5 MEBRKE I HIREUEIRLL KR
KES RBEALRSHREF. TUFEE], WAR TS558 5RE HRE sk m
Tk, FEFELE 0.02-0.008 Z BB, HEWAK FEMNBEKE/DMIBERARE
MR, X B8 IR B R R R B N T AN . & BYIX — B BB R I
SR KB S BERRFIEIFH R, Holler % [2003], Bergstrom 3%, [2002]#
HAT LR — R X MR EHMRBRAF. R 32 8/HT 11 MBI o
g URFHERIRHERE. TUET o FEKEMB/MTBERD, FER
0.75 B4, LMK, 6B KK 0.86. ERFEMRX—HHELEI—LE
FEH A0 I b B WM R 8 18 B 4 REMN B /MKim %, 2005; Fouquart %,
1987; Haywood %, 2003; McFarlane %, 2008]. Xfit, BALET T H—FPHR
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M RZFBEF AR P ERERAERIERFESY LR LERHR

iE. BHE.

% 3.2 11 MBI REB D RSB R R R B RIB R 5 AR A7

Single-scattering Albedo Asymmetry parameter
Wavelength (um) Wavelength (um)
Case 0415 0500 0.615 0.673 0870 |0415 0500 0615 0.673 0.870
Apr22 | 0.72 0.73 0.78 0.81 0.86 0.80 0.79 0.76 0.75 0.72
Apr23 | 0.75 0.76 0.80 0.82 0.86 0.79 0.77 0.75 0.73 0.71
Apr24 | 0.75 0.76 0.81 0.83 0.87 0.78 0.76 0.74 0.72 0.71
Apr25 | 0.74 0.75 0.80 0.82 0.86 0.78 0.76 0.74 0.73 0.71
Apr27 |0.75 0.75 0.80 0.83 0.87 0.75 0.74 0.72 0.71 0.70
May09 | 0.80 0.79 0.83 0.84 0.87 0.71 0.70 0.68 0.67 0.67
Mayl5 | 0.75 0.74 0.78 0.81 0.85 0.71 0.70 0.70 0.70 0.70
Mayl6 | 0.76 0.75 0.79 0.81 0.85 0.71 0.71 0.70 0.70 0.70
May19 | 0.80 0.79 0.82 0.83 0.86 0.71 0.69 0.67 0.67 0.67
May23 | 0.75 0.74 0.78 0.81 0.85 0.72 0.72 0.71 0.71 0.71
May25 | 0.75 0.74 0.77 0.79 0.84 0.72 0.71 0.71 0.71 0.71
Mean | 0.76 0.75 0.80 0.82 0.86 0.74 0.73 0.72 0.71 0.70
Stddev | 0.02 0.02 0.02 0.01 0.01 0.04 0.03 0.03 0.02 0.02

35 BwAtA ek

AT #E—PRERIAERFINDESBERICERESHR ESE, 7 LUE KR
F BB (narrowband) R IEB BB RACEFESHER A BB AR
R, HHEBEHREKFHERERE (broadband, 0.3-3um) LM EHE F, . 8 £y

DR EES F, BRE, H5hmMsuiftes, S0NmREE—%,
AR RESERAAZSHEEGEN. HPREGFSEE. BESAENT
KE:

E

tot

Ft, @R A S R T AR RS A A L. TR T EK

=F, cosf+F,,, 3.51
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BEE ETRHMRDLTUBBLER IR
SEREHEBRAAZSESES, REEFEKK. EERL. RESE. R
REE, KEMEERKEHANRE NCEP/NCAR HESHEE, REKELH
TOMS EEMMEH, HKBHRRBEET CERES M, FHERHRBEE
i11A% SBDART HMiREH TSI, HHRR 15%EEK, 85%I MR, HKE
RIBRBMBENEMES CERES A LZHRAER—B. K384l
TR T BAE ST i B 5 I X R A LA

1200 800 b)'
Awoo- - sool
o 800F ‘E
.g soof E o
5‘ 400} 8 200} }
° 0
-200 et 2000 i s
4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
Local meridinal time Local meridinal time

-

Direct Normal (w/mA2)
. 38888

Direct Normal (w/mA2)
§. 85888

n "

4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
Local meridinal time Local meridinal time

B 3.8 AL (LE+FR) 5MM (KAL) MmESERLER, HF
a) NEREHER: b) NMHBHER: o. ) NEREZEFER.

B a) hiktaidEh PSP MAER, Eb) PUAMEERE CM21, B §d
S BUR CHI FINIP {X B3 MMM 08 (RAMBERE ). ALUEH, RHER
MAMAERRA—B, ZHHERFHREN T BEH. BEHEH UREREHN
451%9-3.6, 0.9 fl 0.8 Wim®. BT, EASWMEEREHBER FRFH
— BUHE AT DA B R I SR RO 2 B DA R SR IR R R s 1R 5 L B
SRS ER/MIRZE AT UL A RIBH Y LB RS BRI HREFREHE
.



EMRER LRI AP LSERARPFERRSYLZNEELN
3.6 MG

FE A A B EXSE R AR, SR T —EF A EE S WX
RESBHEAEARR VBB FRENFE, FNATFALBX P LRER
KFERFUENREIES. RIEEREZH, £RETEIH R AR %05 Kh
FRARTEERS: WRRBERMWBEREH RBENMELE 0.76:0.02 F
0.86+0.01 Ak, FHFPEWKKIBMARTIHK, XRBWER T3 KB IIBE
BRRAIBNNE; B ASTRIEAFTBINDLEFESHR S EERNY,
R BERRH HRAERSMERTHIRMA A B LR TIEH Kato %, 1997;  Halthore %,
2004], HEHUMUMHEHBEHERRORE, BREX—RENEREFHM,
— RS E SR SR A PR 4R 5 B TR AR S BB T B R
B, A —Ma et R RIRB N SERRARES KB EHERK. MAXT
ERRMAREN RBES KA —REEN. THRNREDLEREL, RE
BAE W, BAERASHINES RS EESHNRGE TREFM . X
—HRUNRBEREES . BEANARTEFBRIERMNT, XKL HEX—T
BHZENEFEDRERX SRR MR ER, Xt_R AR TEER
2t FRBRERTFATIEPH— KT,
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41 51§

B=FBFMN AT FAAMFRSRHb E 4255 WL #1l LA X SBDARTHE 5§ W RS
BRI RE T . REH— N EBEMRBRREAADERFREREMN, X
BETEPTLUSEEAMeBHBFMTTESER. RAMELEREP, TRELRE
0B 0GR W % B b AR HE T TR R BE B A A R JE BRFY [Buseck & Posfai,
1999; Gao & Anderson, 2001; Okadaetal., 2001; Munoz et al., 2001]. &
RRBFERER FRE MR HF B 3E A [F #9803 M & $ Mishchenko et al,
1997; Yang et al., 2007 iX FE5%F) P 3 — 45 78 A BRI R0 A 28 Sk i (ot T 22 R
HWHEMCIMEL. MPLYLHIZ), AARMHMSHRETERSFAREERER
BK. RTMFRSREFMBAMEBRREBH BB EHGTERER, TARE—
faE RS EE, FEREAF SRR TFHARM A REHBENER
MHALRTE. FiAZERIERVRFEERRBA T RRERE, RS
ERAESERZT T AN . AN %RASBRAEBEEEXSES, U
ERBRNARES ROERAPR—NRAZESNEENE, HHEFISERL
¥EERARRSEHFDEEXEENNR, FEELBINBTHHFIEFE
FESHTAERRTE LT T A0 (R EUH R TTER, DA B i BRI SR ROG # R R /Y
BE.

42 R SHRBRTFXHESEROL W

YWAERFRARRIBRAMNG, EeBE v SR PR E T AR
FRERFE. EBHHELT, BMEFRHRRKEHEESEIERBR FR S
AR R EHI[YangZs, 2007]. E R #EMishchenko[1997], DubovikZ[2006],
Fu%[20091M1HHX T, FMEBRAEA—MIEMERRIERBRFHRR. HEF
BAE - B EAERF B L6 e 20T R T8 B P A SR U e 2
1, XEBESEE T Tmatrix[MishchenkoZ, 2002]5IGOM (Improved geometric
optics method, [Yang and Liou, 19961) /%, #AATFIHERNTFRESHENT
SOFIKF SORT By B8 /NRL T S IR B 45 tE . RS FIDISORTHRR, BB T IERES
R FRB R, HESTT &R @ /R,
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4.2.1 T-matrix. IGOM 5 DISORT f&j/}

T-matrix 77 %5 B 41 & t Waterman{1965, 197115\, BT EEEMIK. 13
—BANRT R LU 8. BA TR —AAE R BERE K B BRI SR
BUREK, FR—ANZHREMNE (TEM) BAFSHEHEZBEARRK. T-matrixS4#
EB B — At B AEBRTE L F 8O . RS89 BB EiXFh ik
T LAR A BME R LAEAR MR F . B BU7E TH R L8NSR 9 2 BiMishchenko
FTravis[1994] B i+ B T 1 E A% FRRL F B T-matrix 27 . B FHRMNEETRLFHIT
RS AR, B T-matrixJ5 %08 — X K S R ABHEE A
FATT LB K. MR RAR BRI T I8 Yang®, 2007]. A&CAT
A B T-matrix & Mishchenko % %% 5 55 i I F2 /7, B LA F I B M ik T £

http://www.giss.nasa.gov/staff/mmishchenko/t_matrix.html

LT H VT RBER T AG BB SR, BB SHANETRET
W, XEFHEATGAARBEIFEE, #— PRI ELE, XLRE
BB RT ABOA A BT Y2 5T 48 FEXFRIARERE B, JUAREEAT
DR SR BRI S e 2 ) 77 ) 3 HLiE I IX S SRR B R RGO
[CGOM, Cai & Liou, 1982; Macke, 19931 i 57 F SnelliZ M F1Fresnel 2 7] LA
EEITHEM BN A TRBSSORLEN . CGOMRE THE KRNI,
BRA NN, WIETEREA TRE, BESF—AhRE
FERTFRESH, CLENRRATE—MANNEE. 7 ECGOMRRIRHL
FHIMAEN2, TIRAEBH TR/ M Yang, 2007], KT FIRX LG,
Yangfl1Liou[1996] kX B T —FEGE LA N B iE (IGOM) . xEEE T i
e, PmPFmEEKNFREMNES, STUHEZE. IGOMET
B R KR T HEBE AT R B R ARGLIEIR . SME R B TR RS
BHEHT A, I B T R R AR AR B AL R R

DISORTH] 4 # & Discrete Ordinate Radiative Transfer Program, B B 8t M\ 4545
ST 2. DISORTZ %A 95 7 & H Chandrasekhar$Z 1 #1[1960], J&%
HiStamnes® A[1988]56 R 7 — B R M M{E i A%, {£/8DISORTIEN K
RFEPATITERRER EHKEE T H . DISROTH2NM & S RAE R
SHERTEFHRTARLG T, EELRSTAEEHL, HRBUFFM4 KT
N 75 F2 AR [Stamnes et al., 1988].
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422 HIREEHRE
FEAXMBTRD, IR DRTFHEE AR, TR (R
KaGREELMmKbZHALT (Blab=1.7) . BERAL FRIRBT VA LR E

V = 4/3mab*iHEBE), IR (la/b>1) FIEFRSH S = 27b> +27r££—sin" e,

Hehg=va’ -b? JaROE., X TFHIRANHRT, REREPHS/4.HT
H R 5 dEBR AL T (0 B IR RO AR E R, B E B S IER AR E R
HHAKPRERTELER. XTERERORE, HE¥ZRLREH
r, =03V /4n)"?, REEREBOREEEr, Ar, =(P/7)"? o EILFAINERE
F, HFREEMRERBERDERRERE LR FRIARVAIREEEPRE. #
MR REIERAL TR B IR F, WOLEE T IR 1, BRI
SR FHEREARBAFSSBURMIERBR FRHLEE. T 5ERKY
FRAEARABSENEREAFUGRET A5 HEAMKD, HRURRE, A
TAAE B R E AR, REW U SIERTR TR, mARFERHIBRFEH
F¥BAr,, TUBMP=mn, V= (4/3)m,’n . HAnR R RIAERERRTY
HFS5ERBRFHER, BRAEF -, nf—ERLEH, ATU#ESR
r, =3V /4P . Fin 53R r,, IR URIF IR A AR R P E AR
IEFRTEHLF ROV SRR A

YR T B A K B LevoniB[1997] I THE, AR r, th R HXTHUE
BN R

aNG) N ot Toetr )T 21
dr, r,In(10)o\2x 20°

Hefr, S50 2B EEREREE, o WEREEN04, N, RHFEIRE. FH
BREKHLFH 12 r 48 HIVEE 90.05-15um, XL AT ER B4R 2K K a g TE B A
0.071-21.37um, FRIE¥HHKbH0.042-12.57um. REEAFTHENB, W THAEa
(b)y 7, 1, r, PREA—AE, AU——REREEMINE. FREHRT
B BN F 5% r, W VAR RSB BRAR T L RRR R
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["=rnNeydr, 5 [= NG,
r,=m=zm 422
E42IRPEEARRMr,,, KATUBBLRNr, . KENFTRAFR, SHEET 1,
9025, 0.5, 1, 2pmPQFER. X TFAERHRFIME, WEKBRKERES
FER: FIEAREQ,, BIREMHRBE s MBSHERE P, TS HRTR
A
[ O.PN(, ),

423
Q.= | = PN(r,)d,

I OPNG,)d,
i I = 0PN G, )dr,

4.24

["™g'0.PN G, )ar,

. ) 4.25
["™0.PN ()b,

[~ rgpNGa,
Py =t 426
l = QPN G ),
Hb g, 0, ¢ PARRENMITFHELKRE, BHKRMESHEHK. B
FRBEAKFIQ, oM P, BMieEiRitEB5. IEBRMH B T-matrixfIIGOM
FEirEBE.
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Equivalent-Volume-Radius (um)

K41 BB TIERRE (SLR) 5ERE (BL) 7F0.55umikE, Efssn
1.53+0.008iRT 1) B IR B R R 2R

1.0 v T YT

e
»
T

e o

3 (-2
SIS I
N BTSN Y

Asymmetry Factor

(-
[
T

B L L R N LT T Ty

0.0 N PPN | deeeondoabodudel 1 N MW PR .
0.01 0.10 1.00 10.00 100.00
Equivalent-Volume-Radius (um)

Bl42 BARTIERRE (£8) 5HE GEL) £0.55um¥E B, RiTstfeschn
1.53+0.008if FIA X FR B -F
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Extinction Efficiency

of 1

1

o~ 1 Asaaas J
0.01 0.10 1.00 10.00 100.00
Equivalent-Volume-Radius (um)

K43 BAMRLFIERE (L% 5E GBER) £#0.55umIKER, SRHHEHN
1.53+0.008if 7 e &

E41-430 AR TIERBSRE LM FEOSSpmE R, HINGTHEAN
1.53+0.008i R F REEL R M KM RIBE (B 0/0). FHHEF g LRk
HAKRQ,. TUEHZHEBFTUEA—F, BEMERD. SHTFIEREH
¥, BhEEHFMRLLRHT-matrixit BB E, HARBIGOMitEFRE.

RANDERE R S BRI EHIREAE0.SSumBE B, A E T 585,
POFkaAn (PUFhr, ) 1EOLT BRI RO

m=1.53+0.008i m=1.53+0.001i
re(um) Qe d g Qe d g
Spheroid )
0.25 1.8037 ~ 0.9435 0.6763 1.8048  0.9921  0.6639
0.50 24225 09201  0.7022 24312 09877 0.6790
1.00 25630 0.8742 0.7272 2.5706 09778  0.6882
2.00 24069 0.7995  0.7731 24093 09574 0.7118
Sphere .
0.25 1.8093 . 0.9440 0.6656 1.8102  0.9922  0.6555
0.50 24409 09216 0.6924 24495 09881  0.6747
1.00 25814  0.8775  0.7208 2.5800 09791  0.6928
2.00 24197 0.8048 0.7710 24227 09608  0.7279

MRFTUE W, DR TR KBS SRR T A R RN E R RN
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EIE R SR TSR RN
i, PAEHTHTHE$1.53+0.008i ) IEERLKLF A6, Zr, N0.2538 KE|2pmB,
BIR BT R B2 N0.943 50 /7 $10.7995, AXFREFM0.67633 KX%10.7731, ANE
MERFERBEWEDERERNBXEGEE. ANTLUED, BERSE
AR Gk S WUk VE 223 ZEEI LR & Cip A cACE (32514 v ok LU
REERHEREHRBE e HiREN00-0I% AN BEF g MBEENRN
-1.6-2.3%, HIEHE Q, iR %50.3-0.8.

448 TWLRBRERHE R TLE, FHETHERERT, &
B, MBS HER. AEFTUEBEREFRESHREN TN, gHR
MO MRERN, ERBSHHEREARNE, FE0°-90°TEE—HEBNEIE,
90°-145° [ AEER AR R B FERIY, 7E145°-180°FERRIL SN T8 . 1 FHGH

BB FAHET g B—MBH, X Pyy(c0s)=—— 58—,
(I+g°-2gcosb)

ERREKXPIZEA, FEibiXEhg i THGHRIES M R .

1.5340.008i 1.5340.0011
T TrTrTY T S gerrry T TTVYTrTTTTTYYT

¢ rER T
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a4 PR ERETIERG. A Henley-Greenstein (HG) EHZERANT
A5 ORRr,) RIS B AR
423 FEEHEETE ST
AHFIFDISORTHR, ERWLSEREFANLERE, TAKTENE
(BPr, 43 5050.25, 0.5, 1.0, 2.0umPUFIER) MARAABEEEAERT, HHE
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THEMER. R TRESERBZEMER . PETER A E A R BT L
AL MR RR T

P, (cos8) = ia,ﬂ(cosm , 427
I=0
Keho /s, PABHLERE, & 7TCAR B8 B IE R 8 2
a3, = 21+ I_ll}’,,(cosé)i’,(cosa)dcoseo 428

2
Ko, =1, & =g. 7 HEEDISORTHEAMAMBIERY, FEARNG
RFFA e R SR E, S EHHHRIE, 256M o T LUIA4278 N
R E RO BB B4SAH T AESBERE r, A2um, HITHIELR
791.53+0.008iff , JERRTY SERILAIEUH AR B LA R #h ik 1 £ R A 18 B A &
¥, NEPATLUES, 25670 o 7] LAMERSRIE AEBRFE FBERT 640 iU AH BB 3.

Phase Function P11

0 é é ‘ﬂ 150 150 180
Scattering Angle (*)

B4.5 YRS BREDLSBREr, 2um, HI4HEHCN1.53+0.008iF, FExk
WS ERFA ST MR B A R 64, 128, 2567801t 78 iR ¥ 7718 B A0 AH R 3L
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EIE YLK TAAEHERE NS
K518 31256 R A LE 48 5 2R FF AL 35 o 78 0 JE 3R 5 BR T B KB R AR
ADISORT, 38 T %2 52 Uit S b S A B AR ) R 51 3 r AR R

a:

r(,) = F1(0)/ u, Fy, 429

a(ty) =t Fy = F O+ F' (1) = F* () ) o i, 4.30

Kb F REASEEF KM AMEEE, F', FIasRmt. ATH

BEHER, SERRLEEONREERN0, HNEERHN A . B BRIERY

FIERTEYD AR I R 5 2R r IR o 37T LA S0 B F Y AR F R A R KRR 4T 8

it B,

E4.645 T WARSERE 55 H081.53+0.008i, 7, H0.5um7E0.55umi B

B, JEBREHRSEESRILE DR SERFMHGREIRENT. E46 (a) 5

(b) 435 R UAIEERTAL T 0 2 1R BUH 6 2245 1 9 PR viE 3 % 7E DISORT I FI256 3

THEAE B AN 3 B FUK BH 0 8 £ O R R 5 TR . AT LA Y KPR & R

AP LA BERCE BB ER N, R EMRIRMEERD, BEHERIRE

SHERELSBA, YEEARKAN (Hii. B%) REESREEHETEK, 2
EHE AR EES R ERD .
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(a) Reflectvity Absorptivity
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4.6 WARSBEREITHEEON1.53+0.008i, r, H0.5umfE0.55umik Beaf, JEIR
T S5 S DA R S BRI FIHG R 3 K3R 2 21477 [Fu et al., 2009]

B6 (c) 5 (d) RFIFERIC2561 R FF vH: 5 i) U AH of 2 LA R BRI B 3 I B
HRERBIHRHBERWR SRS EIRERNRE. H42TTLUEH,
EBRTE AR R 0 KBS IR R, MEHARBEARNET, HiXH
U A R B 2 A3 T B R RS KBRAE S R B AR W R AR/,
REBASEWNULMRGIOBHNEREXRSE D, N () 5 (D) TUE
H, XMPREEFAAEZEENRKHEEEAERLTHNTF7%. B (e - (h) 4
A ELE T FAERRTE SRR ATHGR M ZU i) r 1 a 5B B HIFH AR IR E
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(@) Reflectvity (o) Absorptivity
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B4.7 WS BRE T EHEECN1.53+0.0081, 7, 92.0umPEO.5Sumi% BT, FEER
B R 81 SR DL SERE FTHG R #101R 22 547 [Fu et al., 2009)

B4 71 BT Wb I IRAE r, J92.0pumi, BRI AL B8 R U R X K FH 4R

HURSESRIE. Sd6—F, BT () 5 (d) RERFLAER MR KBHE
MBI r Mo SIERFSEFRNOBNRE. 546 () 5 (d) MLk, 47 (©
5 (d) REMEMETBK, BEEEI%LLA. 4.7 ¢) - (h) BEEKX, BEH
THEAHGRYUERHIRE, MHEETHFRRTRAMEW. Bk, "TLIFH
218, TR S AER T, N TR LN TFESERMBRE LR TE
HEHER LA RENER, ERRBEREE, THHREFURBARREE
AR . BRI HAEERTGAL F AR R AT S IR B 245 1, B AHER MR /D,
WREIRFE R, 52 Uil xR a8 E WA R g AR R, AT R



EMAREEEEX P LR R S D AR B RGN
REBY—F——X MM EERR, HILRATT LSRR FREJEREY
drf, REAIMPREHEREBE, THHETFSEREAREEF .

4.3 B RE X 6% R R IR AR
HEEEHRRMBXNE-RBANHER (BUARED &h. E-REA
EMHRBABENEGTER. DA SEABRMNIE (BRAEHEANBT
EMAZEERRE. EXSEATRUNX-38. FRXE=ZZHVP LR
BRAEFFUERENE—SHERBMFRSREFBRINAEEE, XHEEMK
HERBEHHEETEENER. REBear B UBAEZEERTA
T=p lr{%

s

] » P L RE-FEBRRRETRRBEANSRE, I, 2dHEERE

WE A BB, o RARBERGRZE, L TFHELERT
BORRH, ZEST AR ELECSR AT RS B8 AR B2 5 T S K AU A R B
S, T ELZEMCERIHLG A M A B BN . 3R SRR LS8 B
R A AR, —HARERERRGERNL, , B—ia R KRN
8361, . RENBHRGRE—BERAS, BREVRRRTHAN, R4
P R, XA R RN R B T A BB, MIRIEBeer
R A0 2 B LSRR 2 N AT B AT I B R, BB RV T,
SMHT T BRI 5 BRI AL TR R I 2 45 TF MR 12 U 0 TR B B e e
RSB RS, X EBE IS HMERSRE TF S EEAAFR RS
HiZER—#: MFRSREBIEWIEES MEAHES RESH RN, BTEN
JUBAHEATET, MPRSRAVHE YGRS — 54 B F IR A EL G, AT
BT E .

431 FRRIBEFERTE

R FER—MATHEATHRARE BB ERTE. B ENBHR
BT A—E B MR PR RAEE R, BAAB MBS ERTEE—A
FEHLRIERE. S TFEERIEPRERSBESGT Tl UK B B 77 [ 5 2 AR
R—AMEREE. BEX—BE, AARERRTEF FREHEREFATH
AR SR LB R ES HE, DTAERTNEESE:
a. RENRTFHMBASAET A BPAMAE).
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Bl T ORTHARRERIRER

b. HIFEHE—AE (0, 1) ZREMENERN, ARATEEHMREFTER
EREERTELHN—BEBBREKE £, B:

RN =exp(~f, - .)» 431
Soob p, MR, WiLa RO £, B
o. HESELTRL £ BRE, RERTARGTARTFUR. MALTARES,
MBI 5 5h— A, TR AT, IR, S ARNAT B
R RFRTRIN, R A — M. MERNST B R,
3t — 25 M T B B .
& EIMIREROETOMMAAA, BFRIHER IR, T
WNERTFESATEERIMNLE, 1,

%EP(@)sin @O =1, 432
B T BB — RN, 1 F R B

i
RN = % [ P(cos®)d cos® » 433
cos ©

FBEAFHEH B HAAOR AN, WAMAT R34 RE:

$=27-RN, 4.34
AW FHMNE, HERc, ISBREXAFFHRBRKEN L, THRHE
B, E4.8%8H TEBMTERE.
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ZEMKEMEEIRX FILYEABERAFF RS LR DR LN

RIFHT
R e,
y B '
KR Wil | HIBRE 7L TR |
& R
A —_— Bt A
BsER. Bt R RO
) 5 ’
§ B
| mze, @ | BH L BB Lo

Bl4.8 BIFFEBHERTERE

432 BIREST RIBE SR
EFA4NFINBHRERRTEHEPTEL LR TFHAREHRR
E5HEH. XREZR42WPHEL 45 B T-matrix, IGOMFIMieit& T 3k
B S5HH. BREBEREAT R SumE B, FFARFE T 550 8Kk
SRBESHRY. FR2ARAEXTYLHFHES, FERHET LA
0.25, 0.5, 1, 2umPUFPIER T BB AR E.
FR42 B, ERBYLRIBERERFEITH 1A F r 180T 0 R IRE

SRERe ANHREFg
fe (um) m=1.53+0.001i  m=1.534+0.008i
) g (4 g

Sphere

025 0992 0.659 0942 0.670
0.50 0987 0.677 0917 0.696
1.00 0977 0.696 0.869 0.726
2.00 0957 0.734 0.794 0.779

Spheroid

025 0992 0.667 0.942 0.680
0.50 0.987 0.680 0.916  0.705
1.00 0976 0.690 0.866 0.732
2.00 0954 0.716 0.788 0.781
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RA205 M THE. R L RBREFHF R H BN H - AT
BREHRBE o FAUHRET g. TUEL o i r, MATIRD, gbr,¥ATHS
Ko ¥ AR TR BRI (B E5:90.0081), STRIE @ N TR IR TS (B
#450.001i) BFEIE. RN ATLLE42WER—H, FHREEEZIHEATFH o5
g ERR/N. EA.9B I T BT SERMS BRI R I BN 1, g9t
MR B AT LB Y, SEERTR T4 KRR T (B4 R B 7E BT A8 K T 90°
FAEHEERN, TEEEHARCHIE IR TR 48—/ kE, BisH
BB S r, B AT B Z WA,
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B4.9 3. IR LIIERERMEFFREALM r, FO0L TR HEEH

433 FiRPRESZREHER

MRBRATFEFIRERBRHEH R RE—R (BPRKXES ). MaTlH
B AR R PR CA8 ORI £ B R4S U BEN B OCBR RO BRSO & B B O E
A, T

L T Iy
PAQ = fP” (®)sin ©40/ | P,,(©)sin @40 = %Iﬂ,(@)sin @dO, 435
0 0 0

435143 FRAH BN SEENB UGS, FHABRMESAHRT
BT AR SRRELN, BSRR. BHERETLIRE427RIF, #4427
AHA4.35, ATBATRE:



ZMKFEHLZAIR AL AERAFRERE S LRN TGN

1 1 N 1 & 1
PAQ = | Zw,]’,(cos@)dcosé):EZw,( [P (cos®)d cos®), 4.36
=0

cos gy 1=0 cos gy

RGBS RO, ERTUL—SE R

. N -
PAQ=—1-{(1“COSTIO)+ZWI[PH(COS%) PIH(COSTIO)} ’ 4.37
2 = 2l +1

@, I LA 54,28 A X3 3. Shiobara & Asano[1994], RussellZ[2004]F PAQ

Mo RS HALHT BB IER F, X B R B8 ESHE R BG4 8
My, BLATCMRIEAITRIREE ) PAQ HI1E. R43FIH TWERBEREIHIEL

4 7791.53+0.008if11.53+0.001i, BHKLTF & r, 25180.25, 0.5, 1, 2pmhT,
Hb T WL 4% 28 CIMELFIMFRSR &9 PAQ 18 .

243 WOLRBREFMEFFEH, NG RN TFEB - B, CIMELAIMFRSR
' BB KBS PAQE

fe(pm) - m=1.53+0.001i m=1.53+0.008i
CIMEL MFRSR CIMEL MFRSR

Sphere

025 0.06% 0.43% 0.06% 0.45%
050 0.14% 0.99% 0.15% 1.06%
1.00 045% 2.72% 0.51% 3.05%
200 1.54% 7.62% 1.86% 9.17%

Spheroid

025 0.07% 0.49% 0.07% 0.50%
050 0.17% 1.12% 0.18% 1.20%
1.00°  051% 3.00% 0.57% 3.37%
200 1.70% 8.15% 2.05% 9.83%

FPTTLIE B, EANGCR IS & B BT 4 PAQ BB 1, BB K
MREHR, XRETEERRFIEL, SIS EE, EliimssEHEA
AR EFHIE K. CIMELR PAQ B B K 592.05%Z /D FMFRSR, X2HEHN
CIMELH#L37 A 3EH /N, RE1.2°, TIMFRSRETRLIZ M 2943.3°& KX FCIMEL,
] LARASACIMELZE [R IR SR S 2 R BE Y, 3280 1) U B e/ - P4, 104R #84.37
RitEAH TR EEXBR Y L[ABRERMETHERMEF r, BT
PAQ EBEN BN AENEN. TUBHERCMGAEERT, PAQKEr, 1
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B3 e UL PR B B v S U RO 2 B, SRR MWL A R RE A K
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B4.10 3. EBRBDDLIBREFHREISHEHAH r 7 F 5 PAQ FEK
BMGRAENEL

FEI R T A TFESVRRBRERESIKEGE, BEHEHATM R
JI%. BRBGTRIR BRI EFBEEIEEHE (00.01) MEEMBIFHAEM. MK
i, ZRBGTHCEEEERTEHEAR AN AT ZANLE. ATEELK
#a, AL =% P FAMFRSR R IR SIE B2 BB Al 6 805 AT Reis Ay
RE, AR ENRGFRESERTE BT A FESRAE CKE
KA, FAFAEENSEREEHAMFRSRETE.

E4. 11258 TR, R LR E I HEH051.53+0.008i, 4Fr,, EFF
KB FERABERTIMAA, #AMFRSRITR] R B S S8 s mtuE. B
MEBITFH r &KN2, 1, 0.5, 025um. —BW FERFERFTZITEEHER
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ﬁOD

ACD

HARARFAT LA SIREMREE, (BIXREHEANRE A ENREN R,
ATEGW EEBEXREMERISOA M AT, BABERTAABAN (>80 , BT
KRAHFHEESN RFERERMRE, AT ELIRLERERK, REF
B SRAXRAHERE, FbAET RS8R RBAKRRTAN BE .
MBI R TTEAE B, A B BT & HE B AR BE v, SRTTIE R, Hr, J92umi 5
Ko WFLEEHK—Ar,, HAFEEAKBERTAENN, IS HERK.
F o 2t R E AR/ 0,018, BT RIEUE 53R4.370 RIRE THEERS
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B4 1 B EHHEH1.53+0.001i4 R . S5E4.10LL AT FES T 42 tLhE A
PR R TOUA RSB TR 5 T LA BORE F R AR AL — B, (B8R X BRELR
BT U A 2 b R R R IR B U N R 0 & AN T R A O
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B4.13 RATHIRHECN1.53+0.00 1B BR TG . dEERFEHD L MI4FH r, EAR R E B R
APHRTMES, ATRBUHLEN L

0.03

AOD

AQD

0.01

0° KZEBEENSESL. SE412L, B413:EH HHKERLK, XRENEL13
THLRBERERBERTS, RRBHRBREA (R42), NTHE LK
HEFLUEREEHEAMFRSR.

B4.14704.15% 8 T 45 RS HRLA 5 B AT R BN S RIS 22 B REE

66



AL ok D B UEBOE SRR 51 L RN DB W
SREEMIRE. TUR H SR FROAR, ATRBEHBOR, EANIREBEK.
Ly, =22mbt, B414THREBEKTFI%ES, B 1SPEEXT%NER. 3t

THEEBSEN,, TUEHATERCEREEDTIN, RER,: LKERL
FEEXTHARIMEROREAERK, —MREKHBERANTCLEALY
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AOD

Rl4.14 EiHEHCN1.53+0.008i8F Bk . JERRILED R AR r, ERFERZEEEF
APRTAMAA, w8l Bt AR E.

XK, HE4.12804. 1 380EX — KRBT AT @ A ST 88,  RIGIR 2 R i I R
(RIRTFIAAHE RS : H— M RAMEFEEARTOEAKX, 4. 12704.135
X — XA R BEHE — R RBRSEH, T KRELRR TR N IR R
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KH, TCAKEFFd-40%. BATH M BRNMIE, MmERME LA
WS 1, R0, AR, EXAFREERTIFAAMRTARA (HHB%R),
RERMRABE 1, 5ERAMN 2R K, B FEE 1, SR KHERE
BERERE, ATTERTRAMIRE. @idE4 145841508, ATLIE S
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Bl4.15 HITH1EH091.53+0.001i BRIE . AEERFEID L AI4TE , EARDEF R
FEFORPARIRAN, B AT A R iR 2 .

JEERTERE T RIRZIR K FERRL T AR E. B4 ISHREEERTEL14, XA
Bl 4. 14 f¥b 2k B R SO IR R K, B 7= A AT ) R 5 ( A 14,12
54137 LABRD, W4 THRANIRE. AW UE HLSERKNTE X
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EMAYWERAIRT T LERAEHIERR YL RN TR R

¥@r, <lpm. RERFEMTIH, HHABHERORENTI% EE=FP,
B CIMELKIML AR, Frikid £ BlF M B # B EMA BT 28T
1, FFAMFRSR IR H06% E B AT 10 AT R ME IR ER AT 3%, XX %
MRIFSREREEAAK.

4.4 /N

7 % F) Fl T-matrix FIIGOM A7 ¥ i+ 8 T JEBR L0 KL T 109 6 34844 3 5 Mie
Bt EARERERREMEERERITTHRE, MFRREHRBE, A5t
RETFURBABETS, ZEEHBD, X FHIHEREIRY 5 ERTAE AR
E5, FXFBRY. ERBAFHEMADISORTHER, HHEIT iR
| HHESHERMEN. B HEGH TR TRARERAOT AR (BHIR
B RENAR) MEMEROHWMAKR, NTIEH TESE=ZERBRYLA
AT, FAIMPRSROLI A48 518 B R 60 tH A 20 AR 6 S F 7T LA & B3R 0S8
AR T RISV EIER. AN AZEES B RS RISEHERTE MRT
i FERT/ARBRTL LT 09T B B e R G B . KPR R T4 LA R 0k
FLENERFIRHERLT, MERSRRIEBRMAEEE SHERERNIRE. &
RERPERZEFENCERERRTFLENT I, WRABHEERNRENT
3%. EAFEERTI, KBERTAHBKE, REMEE-40%. EE=FFEi
P BB RE R F R ENE MR F R8T, BEAREM ST LB
£ AU 1 B A R R B R 3%, I RIE LS R R AT
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51 58

RBR— A LB FE R, SRITERIBER, KRS B ki
T, MIXF A EER, B MR M B 3% i S L 7 7B v LA — 38 43 Bt
REESBREATNAZERS, ABXEAHEEBRRLSH, BWEETRK
ZHKE; A—HEKBRTUSEER, ZXEZHBYESE, AR
IR SR/ A R AR B, WA RSB RO EF R IEETH L EN.
FERH M E S P EANMAT BRI HET R, KPR AMBEEYR
HEEE, BRRT KEAERNSBERRF3RAATRIERANET, BURTAE
BRERE . MRFHEE. AMBTRIRRERSPHIESARRE, HRRA%
HEHREREURAREENEW, RERSPI AR LB K.
B, EEXTEEPESRMIERNFEEER I AEN, E—FROTERE
i T S .

Hir R R R EERNERSBBEERT EHL70E/K, 1978FEXERAHE
#E (NOAA) KRB IEE LRBT St E &y PiEHEH it (AVHRR),
AVHRRE 5/MEEL, MI9824E#E, NOAAMH T FAo 8RR LE MM IE,
7E0.63umiE BUR I A BUE T E T i LB IR IB % B & 4 A [Husar et
al, 19971, FIERAT BREHERER AR, RER RRA T HRN S XK
—ERHE, REFBEASDHRIE, BESFEZEEX LAVHRRGHZRIRE
TRYIMEREE EBRERS . B, R HBEIENImbus-7 EHREASE
ARSI (TOMS) , TOMSH £ 45MEE B AMI R E Rt {EiXEidE
SR K S ABUR, Txd RSB ASE, BRI MR A TEEEE
R Ritth_ b2 A PR R B A A S B A [Herman et al., 1997), Fi—RERE
Aura L) REUTHIEE (OMD , AT —B X3 SBERAIFE. E20FK, B
EMUSERNRIRA GBI REEEBRT VERE, TUNTERAE. A&
SRS BN EBRA, FREBHSBRAAEER, HTFRIE. 199FK
STHITerra B B L8, T BAARR AT A BB BRI 8- 4 B R AR 18
% (MODIS) F% A E KRB (MISR) , XFHEMHNXEEZENRFAR, Bl
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EMAEMESART B LERAEHERR S LR TR
BRBAIZ . FERZF SR BT T X, 375 i u e %
T REREBOCERER™ R tt.

5.2 E# MODIS 5 MISR (8. ®iHENE

%E 1999 £ & 449 EOS (Earth Observing System) L4 2 Terra H#H 5
Fofe e, AR ASTER (WA RABARLIE 14 MER, ATFHREHRER
BE. REE. REE, #HIKEE), CERES GREMREBHWE 5518
WH), MOPITT (AT#HB THREBERS S, BHFEYENBEIER),
% MODIS I MISR (J"ZATZMRBERHMAD. 7E 2002 £ K5 #I—F EOS
THE AQUA L3 # T MODIS (28, 3 H# Deep Blue Eik[Hsu et al., 2004]
FIFF AQUA TLE L MODIS FiiRfE %, FRACBRBRBE L BHEKR
NEEE. ZEHMNE MODIS, MISR (8. HXEEMTBRAES~HK, #F
5 AT HEXF 24T, P X RF R & B EEERE T X IR
BT, RESBBOCEREREREREHE.

5.2.1 MODIS K& 5k

MODIS 142 #7 /¥Moderate Resolution Imaging Spectroradiometer, B H43 ¥
FRARFEHEAN, 4 BIHEER T 19994 & 5t B Terra T B F12002F R 5F 1 Aqua P& L=
MODISH 36481, W IR M0.41 5] 14.4um, HEIBE PR IT L L ESS®
AR, PHEEE2330km, 1B2REOWMETUEZLK, WHERESE=F
SHEHHF9025T K (0.66500.86umiBiE) , 0.5FK (0.47, 0.55, 1.24, 1.64F0
2.3umi#E) MIFK (FR29MEE) . WEMODISHIE HF N A

(http://modis.gsfc.nasa.gov/) , TERS.1HEMFH TMODIS36/™ & i ) # % ,
SHEURABEHE. HTARESERESBEAFEEEERFALEAE
REEZTMMB RSB R I MABRES REE, HEESBRRF X A4t
B R EYLFDRRI R BOE A B . BT, 97 SMEBOCERER
R, BEEFRSEREGTR, oTLURBEAEMILR RS L ILERE, R
BEREREREERE. ERLEMEE, FIEMODISSE R R IE
FEF T M0.47212.13um Bl 7/ B B W £ .

MODISZE I0Kmx10KmAM R T, EEEEBX—-EEANRERESNERR
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5.1 MODISEEH . PR ZRE

TERR e A% WESPE  LEEEE | AZERL
RS, ZRERE | 620 - 670 025 218 128
KBHRE 2 841 - 876 0.25 24.7 201
AL 3 459-479 0.50 353 243
AR 4 545-565 0.50 29.0 228
LR 5 1230 - 1250 0.50 5.4 74
TERS, FHML, R 6 1628- 1652 0.50 73 275
ZHAMRTER, SEK 7 2105-2155 0.50 1.0 110
8 405-420 1.0 4.9 880
9 438-448 1.0 419 838
10 483-493 1.0 32.1 802
WAL Il 526-53 1.0 279 754
Y 12 546-556 1.0 210 750
AR 2 13 662-672 1.0 9.5 910
14 673-683 1.0 8.7 1087
15 743-753 1.0 102 586
16 862-877 1.0 62 516
17 890-920 1.0 10.0 167
KKK ATRABHEE 18 931-941 1.0 36 57
19  915-965 1.0 15.0 250
IERR BE W WEARE  CEREE | ACRASNAE
20 3.660-3.840 1.0 0.45(300K)  0.05
o 21 3.929-3989 1.0 238(335K)  2.00
%, ZHER 2 3929-3.989 1.0 0.67(300k)  0.07
23 4.020-4.080 1.0 0.79(300K)  0.07
o 24 4.433-4.498 1.0 0.17250K) 025
25 4482-4.549 1.0 0.59275K) 025
26 1360- 1390 L0 6.00 150059 )
7. KK 27 6.535-6.895 1.0 [.16(240K) 025
28 7.175-7475 1.0 2.18250K) 025
ZH 20 8.400-8.700 1.0 9.58(300K)  0.05
a4 30 9.580-9.880 1.0 3.600250K) 025
o 31 10.780- 11.280 1.0 9.55(300K) 0.0
R, mHRE 32 1L770- 12270 1.0 8.94300K)  0.05
33 13.185- 13.485 1.0 4.520260K) 025
— 34 13.485- 13.785 1.0 3.76(250K) 025
35 13.785- 14.085 1.0 3.11240K) 025
36 14.085- 14.385 1.0 208(220K)  0.35

VOH: JBIE1-19%F % AL Anm, 20-369um.
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W, PRSI B 4 90 T 1 B b IR | 2 AR, 24
WF2E L OKmx L 0K miG L Y BT @ AUSHBTE L 22 0M, IV RS, B fE
f— A A RAERG M 2 R M B A X B R TR AU S L (%
WA, BILXERAAMODIS RIEARK L BR MMM B, TEEKS
R AE B EREAER & P A B TR, — 05 AP A S HER RSB S M
RAHEAEEMANS, B—Ba kAT, ARRERIOAREN, T
B T R H T
R(6,6,,6)=R,(6,6,.9) +T(G)T(Dp, (1-R,(6,6,,0)p,) 5.21
R ARSETONARME (R=7/Fpu,, 15TEMNEMEIER), 521
RAEUE—TR, AKTH T AR ARSI TR, 10458 KEAHERL,
R, BB N
R,(6,60,0) = R, (6,00,) + 0,7, P, (0,00, ) (dpipi) » 522

R, BRSSP THE TR (WAEH), 0, 7, P,0,6,,¢) 7 HAERR
KSR, RFEENEHERE, 4, 2 RAEER A 5 KEER T
KRB SARBIOMR RS TR, HPT6,) FARMES AT 2k Ee
WS BEH L, TO)AMRRHAMBHEELER LMBEHNIL, o RAMER

TAMEENNAZ AR RRIE. NS2ARFTUEE, BHERR
RER /e, EEBIMEHBREEERAFRAMOTMR, o7 CUAE AR 5.22
RS 21 R RIFBEIFEEEF IR Z B /MKaufman et al., 1997], —&K i 5
EHEYE. BT REOKAE R AR NAKBRRHEMRIE, TEMXEX MK
BEREEREFRAEGRT. BURRUFRARR, EHTLEHOBETLS,
IEWA RS EERRAERALEERFM, FRXHLRRERSSER
KEEEMEE, FRNEBITAE, Kaufman & Sendra[ 198817E )R i B & 4 4k b
FREBRCEEBR BT XFEE, HRAITMODISHNL S RIEFE, L
BRIER, PRINT: H%, A—%EZRRTIEMartins et al., 2002; Gao et al.,
2002; Platnick et al., 2003 R XL 2 = M3 & AHEBR; HANDVI (Normalized

Difference Vegetation Index) Z /K1, MEMBK L ZHEE; AREEHE2.13um
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BB KRB LE0.012)0.252 7, BP0.01<p,,, <0.25[Remer et al., 200444 &
Jo; ERRIBE AP IT0.66umAT R RIBE, £HR20%BAEFIS0% B FE M A,
REBEFR30%A T RE. FI0Kmx10KmTEERFRGE KT 248, FiH=
A BT XL T LA SUIFR R BE (B v Pogsr Pon) » HHELH
ATAT AHEH PN AT G B B 0.47 50.66pmf T R R iR, B

poa1 =0.255, 5, ploss =0.505,,,. iR, BHEGENSBEREE, Bid0.665
0A47pmAiEF E HE R AR BRI RREK, REFTREEOSER, EAF
AXFESH . BERESBEREESH UMK FOIMMERBRATIBEER
IR A B E R, FER b i T8 B 30.55 552, 13pmis B A1 3R R
KR, PFTLAMODISAEIZEFEO.SSpmillE RIESBERCEEE, TRED
Angstrom, #H{H0.4750.66pmRFEMLER, NTHER0S55HZEEE. HiRKIE
ERRFEE SR EPBEARE 1208, o] EURE AR R TA B8 INBE o,

B LR (BKFI04), REFANTEFKENERAREE 121, WRFHLKMN
MIZE0.ATumik BURH TAIR (A BOE R AR ERH) , HURFERK.

5.2.2 Deep Blue 1%

MODISNL % RIEFER TG TETET b L ZRSBREFEE. 4
Tk ERFR. T8, PERUFORTTHRELS2.13umM 7] R LLF0.66um
BB % % IR AR, MODISHL % B kA4 E T70.47 (0.66) pm52.13um¥% B
HRZIBEZ AEIRERR, XHREN TRt EXSEBBREBLERMN, H
EVE, KBEERHR, XFRAETERMRAKIL: HIMODISI F BT E
T BB 2. 3 umiB B MR K, TS0 b A 4SBT e —
FIRIER, BEEMODISIL % RIRFEET BRI EEN F—E R E
f, RIRGREBRAEREZH, AEREE, XRRARH TMODISETE.
XT B, WEUERBTHMXANA. EFI, HuFR2004)2rEHAETR. *
FB. YE RS H XX, B (B1<0.5um) FBRREREN, 8
HEABEFEN. TERRBR, NTIRES2155 2 ARE[TERAFEE,
X—HiEFR ADeep Blue. LT ABGEAZEMEESR:. B, ZRIHEM,
Xt FDeep Blue/7EEMODISHM EEIRA, ZHILERFERA T Ackerman®¥[1998]
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R KITE. JLK, BE BRI R KSR A8 TR 524 B B A AU 5T kAT BR4E
Ril, MARCESEHRER[Dave, 1972], BBTEFCIZAERR K KHMT
ERWAEREMBERENERR, @i AR iR R B RERURTRTER
E5BEERA—Z, MmHEHEAEMRERE (LER) , X FLRG TR KA,
LERFRIF521FH p, . BT ZEKRMTHAMSERKBKAKBIRIA A

ERBEE/D, FEXNTFo42umBERMNBRRBERBLIHEERE—TEA
(4n: 0.1°x0.1°) LERE/MERE], FAth i B it 2 = 18 22 ) 2@ it o+ B 5
0.412umi% BRLER B/MEMHAN S ALERBE. E=SRMETHRHBERN. &
THRRBRORMSH S FURRUNESRENER, BETERESRBRE
B ERREDE, B H— AN LRSS R A% FAH . ZEDeep Blue
PIREMESAEN T ARG RERELNSY, BERBRNEEEE,
PIRE ST R RE MBS AR RS BTES21R. 5.2 FRABLBaHER
REMBEHSBREMERRESE, CHRAPIHTEEZEHFSTENNL
XF, M8 FI[SERIEEEFE. BH, Deep Blue i R A FAqua P £ EMODIS
MU () H 4%

5.23 MISR KM %5532

MISRHJ £ FR & Multi-angle Imaging Spectroradiométer, B % A B Y6 AR
BT 1999 K H M Terra LB E o Z AR ALK AN, 5517E0° (RK)
AR TR 5 i EE b 805 %A 5+26.1°, +45.6° +60.0°, £70.5 W,
MEAENEINBE, DHE0.446 () , 0558 (£5K) , 0.672 (L) H
0.867um GEZL4Y) , BEEBEM KT, MISRE7HN (BUE R E W LM E
KB RAET) HATURER MM B oM 36 @i
#1152 - MISRTER i Hh 1 44 5% 8 360K m, BT LURIE 9K A 8] B W01 % 78 5
AMEIRFE, HHHER0275-114 R, MISRUMSIEL T EIRE. HiE
RIRE, MR —FHALIKmILREHE (footprint) 7-HFE, R 16x161
footprint M E H KB K FHE, BIANKBERREFERSTHEA
17.6x17.6Km[Diner et al., 1998]. SFERREFA RS HREBREIERAY
F, ANEXMEELHERERE, RENRSRENSERES. 5Hfha
—NAUAEREREBRL, MISRAZAMNRAAZERE T WikMES S M
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MREFELEAER, WO T REPH—ERHEE.

MISR [ i BB 58 7 M 17.6%17.6Km G B 3 10KmE B 5 & _£6x17.6Km
WEAKSSBRZEREN, ZEARARRAENTMNE R RSB EHERX
RETUBRIE . SMODIS—#, MISRTEZEKEHKEE £ 53 515 B AL ik
FHEE, BHFKESLI (0.672um) FHELLSE (0.867um) RATE /S, Kik EZ
RERBTRHEMER: R T REER T 2WAMER. X8 RNEh
Hh EBHEE. RERZCBERRRET N TR SRR R,
M EFMHRAANERNSBERSEAGENRRGER. B, MISRELT—
MEEFRATRES . RBRL/MRE. DR, EPWRE KA fm i 8 R
BT X NS BRFFFIEE BB E (Aerosol Climatology product, ACP) .
REHIEAR T, SBREE. RS, EENTHERMER. 45, &
K, B, URERRIREGTHRBRF SRS TFHRALSE, A
MEERZL— MRS ERTETFEEN —LEASHHHEE (Simulated
MISR Ancillary Radiative Transfer Data set, SMART) , BI3FE&K#HTFREKHK
SEEEREE (AREEARN, 23 KR, B3 EHEZERKEINER
B\ BETEST . EATIRAE . RCLIEU L (AREEEEN AU RN &R
AR RBR) o H5.21085H, KEETAKEIEAR RS HME MBI 7T
BRALR, K TTRRITIEA B BT B ACPHUIE B 2 LIRS SR & T2
B, MISRTEARNERIX — Bt R Sl IR IR & 7 i [wang et al,, 1994], @it
HASMARTH LA MRS BR AR, EHSH, NTRIFARRESE
B AR F N F BN MBS ERREE, Z7EHIEEX TACPE AR
BBAERRAZEENFUNERT, BENBRTERENUARENEHRA
MR EE. HRAOTTERET LEE7.6x17.6KmiE B A -7 XS0 & 8 F 4 EE
3, ALREATR:

N
<L (gt pigs B~ 80) 5= 3 Ay s+ foa (=i o =) 523

n=|

£ REBATRBEEFEEUNZREREN (EOP), ©REGEMR C,
EHE, C,H:
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Cay = 2L ()= Lo OV I (D~ L D5 5.24

Hep L RF K IBMISRUB EEE, L, REHENNANERERIKHR
ERfE, i, jRIEE-AAEAIRI, x,y3817.6x17.6KmTEEATE KB E
ROLE, 4,, RRIFAN. R5ET R BRI E T BREFE A E R &N
CGBHE R4, 5 A ERETRAERE. REEIRATENSBREAK
Rpn EEFER, HHEIRAKRSETRERE, FSMISRERALE, EF=
ERENTRENRE WAARERRSBRBSEEZSEN, NiB2
SRR 2B . #4155 M [Martonchik et al, 1998, 2002]. MISR
BTEA T ARAROWNE SRAEMRTR, FELENEEATFHE, ®E
BESKBRZAEEAXR, EEMISRERL EZHHIEEBE FTRIESE
A B R
5.3 RIERFEEE B A4

REDERRELBREEBRANMME—F B, BERTEH TERR
=, R RF A EERNESE R S E SRR R R EHN, HAE
BEMREDZEFRBINERREEHE, 5XHFERERAS K. HEWWHIAAN
WBERR, %8N T EMMG IRt AmiEd EERESBKRERHHTE
Mo VXTI, EHT E=FFHEAMFRSRERESBRAEEREE, #F
43 5 #HCIMEL, P &£ Terra. Aqua MODIS, Deep Blue MODIS EA &z MISR % i
MARZITT LB, NFERRAEEARS . A RAEENE REREA LT 2.
FFEMXAEAY.
5.3.1 BRANAH

O S RO LR (9 348 AMFRSRAICIMEL H8 WA, BrikE A6 5
HEEPEAN—H. HFMFRSREMBEMEEERERETHE=E N
BRBEAETERBHBNM A SRAEEI IR AXE - ESE=E);
CIMEL(L8 — ZAX 884 4R) WL U 4147 & tH AERONETHR#E B % [Dubovik, O. and M.
D. King, 2000; Dubovik et al., 2006 ]2 & 1AL 5B B M1 Level 1558, H£EE
70.440, 0.675, 0.870F011.02 pymUNKBRM K% EEE, AXFEESHE
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BIE DERESEBAFEEENMBS AR

MFRSREAJ B RIFIE R B LU B 77 8, R {EMH T AERONETL.57= 5 i)
=B AFBEEE, BidAngstromEFHEB R T0.500 umiZ BRI 2B E
B, FLUZEEEAENTERELENS iR,

EESBRCFBENEEMER T Terra. Aqua B2 #IMODISL %5 &% FDeep
BlueEH % Level 27= &, BIMODO04(Terra${ #%)/MYDO04(Aqua$i$®), %F=RBRTH
=B (047, 055, 0.66pm) ISR EBERE, HIMERBELTRE
HFE0 G, Ef EFEERBRMAEER, BEOSPHERNI0<10Km, #
PMYDEHE T A T Deep BlueH ik R 1 =MliE (0.412, 047, 0.66um)
fob% EEE . MISREPEEE AR LeveRBSBER 5, BT H0.446, 0.558,
0.672410.867pmPI N B M BRI ¥ B EE, BEEFRRFE, HiFRD,
RN RBEURARARFMHERLSH, BESPHEN17.6%17.6Km, §
AN BN TE AR A — AN, B SRR A9360Km, KEH20000Km. 7
FHuE LR, BESIRIEET A EA S RO A, AES0xS0KmE E A
HIEEWM A REE.

532 HLBREER

ES5.145H 7200845248 55 A 190 @ . DEMA. REKBRESER
K% EEESHREENENF. NERELUEHRATFFAAMPRSRIEE R IE
6% B {8 5 AERONETHCIMELRIE A RAEHE — B, REZEAE0.017EE
A, XATURBERMORRERRERN. FEELARD IR Tera5Aqual
E _EMODISH S @ HUE, 7IUE HMODISY % EiREFLFR#MX 2
MREEREA T BN, A RETLEIT100%. EELZ ADeep Bluefi K
HiE, TLVEHESAI9RRBBNEEERBR KRN Deep Blues i Ml Hi—
- B, MEIA24BRBBNFREELRSA 198 —¥0,, Deep BlueZ EK T HUE
WAE. XWEREAEREPEEDE. EPEBK, ZHAMRAKTH0°
(Z. [A) B, Deep BlueRIRIBER S BRI M U ENTFEBTBER
Ft 2 BB/ i R K 3R Z [Hsu et al., 2006]c MISR7EX KA A S HbE
AR 2 B/, Hop B X R ZE LE0.446umi B A45%, B/MEXT IR Z7E0.66pm
BB A0.6%, H EMISREAF K% EE Mk KR S A—%, X7
LARER T MISRTE R IR A B E & KB R KB E 2 B X R AL, Frfd
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Z MR AR Aty BRSSP LR LR KW

VL EAMISR S R IR F K/ e A s, o] LSRRI RiE . B TMISR
B34 % B R A 360KmiZ/» TMODISHI2330Km, FrUl7Eh S EHLIX 16K F)HLiE

150 ; Torra MODIS *
Apr24 Aqua MODIS |
1.25 P Deep Blue |
MISR i
CIMEL i
100 MFRSR 3
v 0.75 '}
L. ! ]
0.50 T 1
025 o 1
—— i
oGt P i i
0.4 0.5 0.8 0.7 0.8 0.9
A (um)

1500 T
b May19 ]
1250 ) :
1.00f ]

" 075-

0.50

02sf
0.00f

04 0.5 0.6 0.7 0.8 0.9
A {um)

B5.148240. 5A190 S RESEBOCEEEELE

fEEh, MISRABERAE—HEX2. 3K, BEEAXPERNHETFFRE
XFRAIMISREIR LS L T H R 13
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FHE PERESBRAFFENMBSTER

5.2 HE. TEVRNSERAEO.67Tumik BOL 2 F B 5 Angstrom$g #

AOD (Standard deviation) Angstrom Exponent

Case MFR CIM DB Terra Aqua MFR CIM DB Terra Aqua
Apr22 | 0.27(0.04) 0.29(0.05) 0.15(0.15) 0.70(0.11) 0.85(0.14){ 0.34 037 059 0.50 046
Apr23 | 0.20(0.02) 0.22(0.04) 0.13(0.11) 0.47(0.04) 0.46(0.08) [ 0.40 0.33 144 125 126
Apr24 | 0.17(0.02) 0.18(0.02) 0.06(0.01) 0.58(0.23) 0.46(0.17) [ 0.41 042 097 067 054
Apr25 | 0.16(0.01) 0.18(0.01) 0.30(0.31) 0.33(0.07) 0.31(0.13) | 041 041 022 081 1.13
Apr27 | 0.15(0.01) 0.16(0.02) 0.18(0.14) 0.32(0.10) 0.50(0.26) { 0.46 043 0.18 069 0.53
May09 | 0.12(0.01) 0.10(0.01) 080 0.71
Mayl5 | 0.26(0.05) 0.25(0.03) 0.19(0.18) 0.61(0.07) 0.77(0.07) | 0.65 0.55 031 049 0.52
May16 | 0.25(0.04) 0.25(0.03) 0.23(0.11) 0.52(0.01) 0.45(0.00) | 0.69 0.52 159 088 125
May19 [ 0.29(0.03) 0.30(0.03) 0.28(0.07) 0.57(0.20) 0.53(0.12) [ 093 0.85 149 052 0.53
May23 [ 0.07(0.01) 0.08(0.01) 0.07(0.04) 0.26(0.13) 0.17(0.04) | 0.53 0.53 097 1.04 0.60
May25 | 0.18(0.01) 0.32(0.03) 0.17(0.10) 0.54(0.10) 0.50(0.03) | 0.70 0.52 134 0.60 0.60

5245 H TBR20085E4 24 H 55 A 19B B AMIF4b, EARRTA M SBIRE
0.66pumis; Bt FIHEFIMFRSR (MFR) , CIMEL (CIM) , Deep Blue (DB) PAK
MODIS TerraHlAquaf) 't 2 B B MR Ll K Angstrom$B 8 (#iR TR F X
N, ATHEMNEROAFEEURKEKRE) . @BFESBROIHTSHSH
0.55um¥ B, B TFHIEEERA0.5um, PEESSumBBMR, MhEMEE
#RLE0.66umBHA M, FEMA T HEHE, RITER T X—ASBBRISBRE
FEE. RERBOLEEE0.COumIR, i H 1 #% 3 Bx X8 & ¥ {5 £
0.67um4it, BHFXFEMEERARIEL, FELBEDERBRORFEKR, B
Angstrom#/)n, Br LLIX B B 52 F HUE #90.67Tum ¥t 2 B 5 T & 0.66um WL 5l 5% B &
T L, T EBA F Angstrom{E K — BN ERRF — R KKOR 2 EEAE.
MEHETLLE HBR T 525 HMFRSRIIRIE S CIMELA R KR E, HENMIRE
#HE002UN, X—HEFEMUBRERMNIRE (Holben%,1998;  Alexandrov
%,2008) . MODISHIDeep Bluelf) RiFLREA K FHUEMWA, H+ Terra-MODIS
S #R % H154.49%, Aqua-MODISHIIR%4150.35%. Deep BlueE R E T
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ZHRFF T ZR H L ABRAESMERAEDERNEELT
X IR REWEF TMODISW & Bk, SHEAIREN30.62%. AILLE
H, EREEETR. $TFEHX, BTFHREERDORBERKR, EX—#HX
MODIS [ S BOEF B 5 T LB B & R oK, AT S5 2 - Deep Blue
FEX—H X B RIS R E 9 £ 17 FMODISHL % i%. MISRIEEH R RIELS R
BIF, MRTIMISRI 5 BB, SIS O 76 23 [a] f A (|] 43 5 2 B4 FMODIS.

54 /N

EENHBT Terras AquaP E EFIMODIS 5Terra T2 _EMISRAS 28 454 LA
BRRESEBRCEFREEMLSEE, RNENRET —FF FIMODISTER R K
WAV M Ei%-Deep Blue, @it 5 CIMELFTMFRSRAL AN 45 SR A ELER, 5693
MISREREFEILLFER. ¥ FRURRENCBRAZEESRFNERE, X
R AMISR IR SRR B ik o A R B &30 1 A i 3R = R 2R A 2% R R MISR
WLl & A RIS BBOAETIRIULRE R, NTiB H AN SBERIEEE
FEfH. Deep Blueffifi] T iR R EB/MIB R R A T RIEBHEEBHRTH
RRMRMRES, NTATUET R, ¥ FREBX EZHASBENRESERA
¥F 1. MODISY & HIAMERA MR B ICE, ZHEEHELIEERBIBE
REEE, #EETELIBESRMNBENBRRBENRR. BTETE
WX, HRRXBERER, RAYPERBRITELIEREE—ERRm, M
BAMODISV FHFEERBE IR RIBFERREFETRANIRE., Bt A&
it BEFA EERAFARETILT R, TR BXSERS A R EE
S SR B T AT 0% R B A IR TR X — R X AE R
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BAE DERIERWAS

6.1 3|

BARKIWLRBERET B F AW T S ARRES T A
TR SARBR AT A SRS SRIA R . I, WARS K ENBRGHE KRR L L.
MIPBAKR, Ko AR LA AT, 225, BEAGLLERER
Hig. Bl XEREYDLEREFHZ —, BFEL. FENHEELTATSHE
THAENRR, Z—HEEGFEEYERRTRMEKET KE TR @
X, SEOEMENFETUBARKAERI THRNEE. B4A%SHK, B
WA R RIRE . MR M RETFERETHNER. 2001 £RE
VAERENFTERZWHURGTFHESREITET. M 2002 Fig, FESR
REVERRRZROIETHXEFARAUNERE, A2 MREE. B
HUBREREHRNDLRRREGSEMN, UEEmEE s Y LR EUHRERS
A4, RMBTYER[EFEETALHD, FEEFORERE. DEE
fad P aEs LT ARORERE. B UEREA ARTA S350
R ENYERARE. REMGEEARE. DEANBRETCE, AR
FIEE, i, ZRSHER, BERRENERLA, BN TEREMERDE
R—MERHTFE.

6.2 A . LATiEMTbE

E128 70 4£4X, BEE NOAA KR DEMKS, FRTHATEKMD L
T{E. William %[1974] F# #7 Nimbus4 L H18EEE B A SMEHHE
10.5-12.5um FEERABHIFER, B EZPEEARIRASERAH
RREXAVE, EEFELATILEEEREYE. Carlson et al. [1978] FIH
NOAA-3 B VHRR ] 0.66pm 5518 5B iR £ BRI FUBE s X b R B K
Norton et al. [1980] FIA#F LR EER MAKIE RN THBBEE TR L,
Ackerman[19891F// 3. 7um M llym MEHREEZRENWERMBERZ. TE
BRENDLHFIEEERRERBNENRANZEFEE. TE, BARRN
JTRAOMBEELRNPLIFET 20 4 80 £, EEFATHET NOAA &
5 T2 E# AVHRR B R E T EBR. BRMIAZEERR, BLEHAY
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L MASWEERIEX T LR E RN S L RO TR M
LEAFRRANGERE, &aS M EERT RFAED LN, REX 5
o BILFEROOFIARE 1-C PEXAEBEMAPEEITTHA. FRX
[200115 5347 T ¥ ER KK FRERA RO BUR MR HSE, AAE3. Tum &
B REEBEFET, BADEHFUASRERM MRS, BHDLR
F XA PSR AAE IXANB ERTE E 9 JG B 4 . BEUESRA T NOAA / AVHRR
iHIE 3 FIEIE 4 1 ZE R ARV E R K . 78K —[2001)F) B4 NOAA/AVHRR
A REHE | i8iE(0.580-0.680 pm) L LLSH3E 2 i#iE(0.725- 1.10 pm) FUTLSMEE
4 8iE(10.30-11.30 pm) FHUR X Z A R AR R 10 R G B 53R 5 34T )
% MODIS XEH7T=, RUTEL A UARKNDLMBEERER, HRS
[2006]FIF MODIS #f L3 0.46pm BEHE SiEA 5 2. 1pm LA IELC4F 3.7 A0
g.5umBEAE, Wit THADLBETURMBERRADL. it SES
RO2IFRTHRABLAKTEH#TYLRBBUMA, HIANTREDLERE
BRZ¥IDDI, BT FY BIEARAISKDELEHE.
ATEEMAULHOITESRBNT AARLIER, SHEREALHEE
ERWERREETT R, TRERENVAHEEEAMNBARAYE (nihk.
K = RSB RN ERE 54d. B6.14HT 2004

= 104°E106°C108°E110°E112°E114°E116°E 118 (a
F—t 7 R N T <
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Kot ¥
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N-EZ¥

I s ad p'iﬂ ..§'a3§§§!;" B - -
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B 6.1 2004 4£ 3 B 27 H Aqua MODIS 4. %. B W t@EELa KA.

40°N

P
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3
=z
£

%3 A 27H Aqua TEZEREAFE L 5% 5 EM, MODIS 7 0.65, 0.56
0.47um =MEHE GIRAL. &, B=6) MMSREG, TTLUE R AT
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AR, REHEMPHNE. RSV LEREHEL. RIBEHEY SN EE
R, Eep3AMEEFERESAN (D) gdX, 2) s TFTHALRE 3) 45
X. ATLEHAE (1) RAURABEARERER L, (BE—Lib D5l MR
E7, HAARBEE, (2) KRBHESALREDL, Rt T =0EET
BEEERA. sthh, T RAEHEARE BB RAMH By fes, Ry T
B R B K — WX, TRERZEAR. L ARRETHEY A
SELSNBERBMNRBRETER, TEBAMR, Rk UERKEHBE.,
Ackerman[1997]) 73 #r e, FIARSLSE DR AT 11 A1 12pm BIEZERZ, AL
BRRMy 2. BAEANAZTENBEE, 3T RAE 0 R @ L5 2
W] LATE 45 Ay [Prata, 1989]:

B/ =(1-£)B(T,,4)+5B(T,4) 6.21

B} =(1-&,)B(T,,4,)+&,B(T,, ,) 6.22
KA B ATERNMERE, € NEHESFR, T ANREE, T AEFDE
B (= $4L%), AR%K, T 20508FHEAMEER AL, 12pm). @it

T, 220K
Te=200K

__15'r|tI[1'lI|JIJ]_I'|1
~0.10 ~0.06 ' ] 0.os 0.10

Emimivity ditfarence

6.2 5| Prata, INT.J. Remote Sensing 1989

621 622 XA E, T, TH, HBEREHATRFEHET LB H

TEFYETNREEES W HERRMERNERZ. B 6.2 43 T Prata 747
KWIRATE 11 2pm EEDE € WERMFTRESER. hEF LSS, BHE
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EMKEMLEMIR L AL RAERER RIS LR LR KR

FANEIE € ML, RBETUBEERA. IRARINKAPE. WALSRET
K. RATREFIA MODIS ENAT AEEERAEE, £ T 2003-2004 4
REARBFEIHLXSN 6 KD LRETEH, B TAWELRK, = FHAEKA
AZX, FHMGHTHREDENMPIE=REEAN 1. 2umBEERE. &
63EHT INXBEHRBERARN AT, BESKOFHIREZEMNETY

| WMean(CLD)=0. 7
45 I' mMean(COD)=0. 1
40  mMean(DUST)=-2.1

5 -4 -3 -2 -1 0 1 2 3 4 5
BTD

B 6.3 ¥4 KX (DUST), = F¥ARX (COD) M4iz=RX (CLD) 3 AMKEA, 11.
R2um EE B EZRL S MG .

X, aB&AMPEK. TLUEH, MFEX, RBEMHE BRI HERKFETF 0
BIaE, FHER 07K, WEXRHMEERTRE 9% HENTF 0 MTEHE,
PER2.1K, ZTHEXNAEZEEHEI G, FHEB0.IK. F1FEHR

106108 110112 114 116

e ——— |
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& 6.4 2004 4£ 3 B 27 H AQuaMODIS 11 5 2pum BEERE.

BIE, NTLAR 9% 98%H P EXERRXX4HF K. B 64 5HT 2004 £3 A
27 B4 2/M5 Aqua MODIS 11 5 12pm BERREESHE. S5E6.1 7R
FEE SRS, TUEHBETFEADPE 115 12um BERRREEIHE
BEARA, IR EHERBRE TSR, UREEAZNDER. BPRE
AR E M IE R A DB BB A, LEAELEARBEMERITR, FHEN
LR AERBHEE, TUEHREREEFEWVURAIRBIVWERKE, |
LR FFEEEN, BTSRRI RS AR LIMIREAN R 5
EBEE s BT, W TER A RAEFLIEARE R ED LR
EH.

6.3 Tk E RN A&

ST ML AMELL, MK KEK, SIKEHEMED, RESMESH
WiEfEENZBA—ENFEE. MREBRBWENUBES KRwE, W
UM AMEEAR RN B = THAERS, REZELRNDARTEENES. £
Lt BANEEE—LXTFHLENMEARBRAYMARENTRL, &T,
ZH58E1d Auqa BE #5489 AMSR-E Bk B 5 1N V-DISORT R 73-47
TR R, FR L T —F R R AR A R v R R X H
Fike
6.3.1 ¥b AR ACIBE R A A LA 52

AMSR-E £ Aqua T EEHMEINMEERT, 289 Advanced Microwave
Scanning Radiometer Bl 3 ik 358 514+ . AMSR-E BEANTIEME, 4518
6.9, 10.7, 18.7, 23.8, 36.5 fl 89GHz, BNMHERAKFHMEEFE MEULIBIE,
£ R2AMBENEREE. A TFHERRESHENEFENMREETRRHXE,
AT R TREHRPETUNEZRE SR, 2 0ERFE T HRBOSRE
RRDTWEARARR, FHFELXIRIERT 2003-2006 £ 8 MHERSAH.
& 6.5 Xtk AMSR-E &387E 2005 43 A 18 HY AR A REMN 5HEEHA TR
B, BPFSEAVERENSEENTRE, BEINNXE 3 B BIMEER
HFHEETHE. BTFRELEFHANRAXBARETE S, REBTHH
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A dus S T L ERA LB RE S LR TR
bkt MODIS X = iR . B 6.5a HHKR EERWEENRE, 7TUFHE
KRB (T 18.7GHz), WEMBEERAFTHREBEEMERKN IKES, BE
BERKMAR, —HEHTE 89GHz HEIAE T 10K. X B alge R FHAEMH
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& 6.5 AMSR-E &i@iH 2005 £ 3 B 18 HW A RS 5B EFHRIRELLE.

&, BTEKRKX, ZVERTFHEREDS TEGRTKR, BENFSHN
WR, WEXNEAMEE T EENEHEREM. BHERD L RENGHRER
S/ B 6.5b 4 iH T K FIRACEERIRE. 58 6.5a NFE, £HE/MT 36.5GHz
R, YERSHZEEREXTHZHNEHEL, MERM 89GHz ML R
REETRNTHEERAE, BATRT LR ¥ A0 [ 3 X3 fp2 #5859 LA SR AR
o WRAEKFRAT BB NREERD, SWERRRER, KENBRDE
HAR T T RE MR, YR B BRSMUES T — 0K TR AT i B s A
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BAE PDEBUREMRS
LERWE], T RN LR A — MR REER, Bt FkPk
B YD A AR 2 & M RIRZ TR LA F 6K. Basist 2[1996] F {55150 i 43t
RBEE AR 1EM, X ERA1IZME Basist #95€ X, A 23.8 1 89GHz i
ERBERF D LA UB R B BR. B 6.6 AHT 8 MILHI T 502 &4
F 23.8 M1 89GHz /K V- M HARMLIEE ZEHOE . BPE G 58S,

T T LA T T T T
® Cloar Weaninj- -8 58544 MNaan(yl= -17.3008
Dw Meaniz)e -1 88783 Mean(yl= <8.98420

251 “ 1 i 4 s i 1 L 3
25 <20 <15 10 o5 o -1 0 15 20 28
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A 6.8 i 2 5¥ L R PTD R EME i

&I PTD=(18.7V-18.7TH)/2+(36.5V-36.5H)/2, B 6.8 4411l T PTD ZEMZE ML
RARER N, TR HERZRRATRE 395K (BR) HDERSIN
36.9K (Af8) BSK, WURMYEELTAE (H) MEE (V) RUEEE.
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TS T HUR B S BB AE B B ALAS . B 6.9 RHTHEMBERSEHT,

9 07 7 ns %5 [
Frequency (GHz)

B 6.9 BT b RS AMSR-E SHERLRRE

AMSR-E 6 MAR KRR EE, FTUEHHEN FBENRURRETATY
BRENE, BEBHRKE, ZHEHER/DN, XREAHEE S MBERL
BHUREE., B6.85 6.9 HBWANMKESHRIBNERMEM.
6.3.2 YWAX R m AR R

AT e — S RB X HIE ESTE, HAREBRMF KB EH
#3 (V-DISORT, [Weng, 1992]) £47 T ##litH . EERHE P BRET WAL
FRERF, ESSM, BFBIRER 1700/cm’[Cheng et al., 2004], HE. EEE
BB KA T NCEP B AT %R0 RE7E 2005 463 A 18 HIE i BB TS M4,
LBEMBRES RBETHRBERG TREEXRABHE. B6.10 K
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BRI AR BB DR F £ B AN NERTLES, BERT
BIK, ¥Rt B ST R BHH K . MR TFAES 7 LIRA 100pm B,
VAN BEEEGBMYERTNAT 42K, K EETAS 28K, XF
36.5-6.9GHz $i%, MTEKEATVLET, YANEENFRAEEMHM.
B 6.10 RAME AN BB MBOHER, ST B LR ST (e e
MW, BATEHAEMNBEEN 5.52-0.024i, #T THEAE . & 6.11 K4
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B ERERIET] 14K, XHF 36.5-18.7GHz fKAMB K, M PLBHE—E KR
WERIER, SHTHARERT 2.9, 1.8 M 15K HEEEME. B 6.11b i
ERTLRHK, FIABENREESZIYA, BRX—ZRNERTREE
REABHTHRER, BFANTHNE, DERBRESX, RIUEHEIME
51188, FEEKPRAEEEREREE FIMATHMA. B2 6.10 5 6.11
AT L WA SURE T, W CAE AN UM E AR TR ST
ERENFRER. ATH—PHBIERXI SN, RATEEEAT 2005 F 3 A
18 By AN @ ERBERMESR. B6.12 Al THMMEE (BR) /M
38 18 B¥bd (5E£) RSN AMSR-E ZHBEHMFEME. BEAGMNRERES
AEMAFHA NCEP BATRE . EERKIN, HFHEENEENENE,
M EEREBZR G THENKKBETARRESEEMM —2. R6.1 45
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F 6.1 HRBHL AMSR-E & @ EHRIEHE

Surface Emissivity
Frequency (GHz)
Vertical ~ Horizontal

6.9 0.882 0.749

10.7 0.888 0.752

18.7 0.901 0.763

23.8 0.900 0.772

36.5 0.904 0.785

89.0 0.940 0.830

AVWARE, 18.7GHz BA AR i B AR o T R R UCR Bt (e R FF R B 25
Wb, 7 89GHz MW E 5 AR EEEZN 4K, X—4R5E 6.5 HILENR
BA—H. AT TFRERRA, B 6120 B HERRE LWL RENSERE
MEBEXSETARANEREHATHETHER. X—4R 58 6.5b MM
ERA, MAFRHYLRERENF 36.5GHz MIKAEREREXTRES, A
TE R B b T APk a0 Bt TRURFE AR T rshROsEST, RO EIR 1 L iy
N EREMMMAEMNRFALRYRETHE: LDLERKERNNE
FRARTER. 20 LRRENDELFAENRE. HTRI. HTFH
WERER. 3.0 ETRFERMEMMEONE GnpAhHarRm) R
oh B IR R R

6.3.3 MALRIRZEFI*

@it 6.32 5 6.33 T EEMEES T SEAMD AR AL, 7T LAEHY
LRRENEHANBKSE P BOBBREMN, FERBHZRLER. ETY4
X RPN, RATE X T — R iR 02 B 2 (MPY)IE 38 T s i v
4, 8- |

MPI = (89GHz(V)-23.8GHz(V))— (89GHz(H) - 23.8GHz(H)), 6.31

631 AT LAHGRY AN B B EAKFRAGEEN R, BEEHRE
3, MPI BT PASR #b A 3 Sk ) AR AR AR :
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MPI = (89GHz(V)-89GHz(H)) - (23 8GHz(V') - 23.8GHz(H)

= ATyso61: — ATy 861 ’

B LAE HH, MPI & A E & E T RN #R W A3 M s s e A U & %
BUER . ATHE—PRI MPI HPRFIVWAERER, ERT REEBTNET
VE. NEEHBEXEK 6 XKWL REH, HREEM61 FHEAKE (5. 4y
&, ZTFHL) RS, aTERVERRSYT, FERKE MPI 55314
FEE. B 6.13 B4 BIBL AT, , o0 P AT 000, M. SRALHR, 481 T ATV (LR,

adzn (EE), ZTYVAR (F8) MRUREEZLS . NEHTTLLEH,

FEHA X 23.8 71 89GHz IR ABEHR D, BMIENFHRREETHTEER
448 6.05K A1 4.75K, X YEHK ZX B BRI EARWIER .t Faivb A
LZTFVER, AT,y 560 F AT g0 FIRBZERE R FHAZXIE, AW AL AT, 60

6.32

HIFME R 28.82K 5 TFWARKX K 22.97K BAEEIE, AT, EAWEERT

WX B FHME S BN 20.87K 1 10.49K, = Fbdfngiyh A XK B
BUFRZR AEE, TEARBREERK, XTERAATREERAAREAE
—EEN, BAXMHERERORESBEUBARE, X FRMXFHEL
BN, Sk, BEMKE TYERAE S MEERERE/N, Eit
kB s RIS BT R R F ERE R .
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FAUEH, KEZTUEK (26) KX (EB) MPHER S A HEX 5,
“iz X () MPIEARX LK, FHEN-1.3K, T THLER 5P LR OEBAZE,
ZEBFEME S HR-10.5K F-8.5K. WR¥ MPI KBEEBRR-7K, ATLLH 85%
HZTUEXSEZXANFF, ERNSE SHREZSBRANRE TYEK.

R
106 108 110 112 114 116
| ] ]

-22-19-16-13-10-7 -4 -1 2 5 B8
MP1 (K)

FE 6.15 2004 4 3 A 27 H Aqua AMSR-E 4L 78 2 5 ¥ (MPI)

6.15 FIA AQUA B2 t AMSR-E Gk R BWHM, &Eid MPI ¥4
T2004 43 427 BYLRRANYWEKXBER. S5HE6.1 164 AQUA LE
MODIS 7] RAILL S FATLL, BBEBA T A BARFIKE T P LXK, MPI
RBP4 X 5 S RS RA P AR M TS B A HEE, MT3REh T T RS540
SRR LR ZERAARRE.

6.4 /N

EBENRBT LEAS ATRABRAIAEREN D LRI TE. BRIV LE
REEN (BHREXRGTURENKAT), FEEEBRZHOHR, ma K
MESNBARTEAMEK S TR LR, BEHzF—ENFERS, RKE
RmE, @ 2 MBNN SR RO, R BAMESE
B RATERIEN, XTI A MBH AR B R RAE T k8, Bidx RERE
REBERNGT. AREHX K ZRDERRETHEEEMNT, BERET
R (RABBARI TR ER WP L HOF T, AT LA A REARE
FHERENA =Y LEBROTN R . RN EEHIETRERME, N
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UEH MPI X —&ZXKFRY, WAMETEARSE—EBEE LR TEE
RAAFER W, RN, 45 MEE AR, s, TEL=MER
HEAE, NTIRE—FHEREERAVERG. BETUELT RAREK S
ZXMERK; HiK, N T XEERBLIFRBTD)ER AT L EEF
AR TRV ERRE: REXNTERX, TUERAIHFEEZXABELRT Kl
AL, MRFYAEHIR, WrHEXKERBE T iEE— T, ATTRHNZE TR
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VRSB URAARE EEENR W 0O A E A B E R &
B, HREELBX O EERECERE . T8, Btk &
WES R AR AT TR, LR8BS EMENX SBDART f1 Mie
BHREFTR T —EM IR LB F TS R BIERF, ST
YAERBROCHFF AR, Il 1 b AR 52 518 BB S R bt —
SHTENAGIR, EHATRESROSEYE, MHEYLRERXRIRE
SRE MR NR G T WK . LRI IR UERTEEAE R M BN A,
mEERBFNERER, FICETH L ZERNEIHAFEREHY LS
B ICS BB SRR BT T X BIAE, WMETARLE., BEAEREA S
X EZMA REDDTEROER . TEE, AHEDERBRKIREHN RE
W, WAREEHENERERERTKE. ANEXEERETR. L/MER
BRI b, HRAMEEEEAR . WA, BT SRS
Maa, RHTWLRNILEGZEBNTE, AR, ERMEN. BEDLR
RERTHREFR, NERTHRRS HYAXAEERCENAN. UTLR
AXH—EEEER:

71 AXEBLE®R

(1) FF Beer XEEXf MFRSR %i@i83#17 T Langley B3, SMERET KK
B ENEBRIVBEREL . £33 EERAKEES e XA E T RE#ERS

HEZER. BB EREIRERESNERERNEW, FEERENMEE
AMPIREAT SN, FHXRTE A ERFEEARGRIZ R, X MFRSR & @& W%
TRE. MABMEE, REFHTHLSBERECEEE, BiT5 CIMEL %
WEILLE, ZHTE 0.67 um KIKEBRZENT 002, EHREEFREOHERE.
FA Mie BSERF, BEREMNTFHGTH. AESHSEI T, F5
MFRSR & MERIT RS2 EEESNNENREFFAERRD, AHE
KA HSE, BRVLRBRERFIES R NERID R FEI i E,
RELF B FHFEFRZH 2.22um, MRFFHPEERNA 0.137um, KK F Sk
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= MAEMEEARX TR SRS RR S L RN B RN
FHMMEERS, HAEFRELARMLTFH 1015,

G)ET Y LRBERAFHEEER, BATRAEREGIRBR, T3
FREF, A\ SBDART fEHME MR T HHST 5 85857 tLE (R DDR 75¥%), 3F
SRR, BIRRXEMAULERRENTF 3%, ATHED AR T/ L REST
RIBEESASFREF . Frig B RN SR8 2R SIR B R 7 0.415um B/
FH1EN 0.76, FFEEWAKEINTTZ ST 0.86. X —HEEMTFE I —BEE
HWAEHD LR RFEHER, HHAREALBE D LT RAEFRRNR
Wtk RS AT AES REAT R, W RIRE 0D AN EESHARNE R
HEMMRERE. S RSB BEME W, 5hmENT 80 ERENE
T, SRRAEEE. BHURSENERNRESF15-2.07. -2.90.
-8.54W/m’, (RS HREEBA, EENT AR A S T 8 R 276 F) L B
RFEBEIMW LI R AR, RN,

(4)T-matrix 1 IGOM 75 i+ BIIEBRTE VD AR F ) B IR AU I BB 26 L X3 #K
BEFLAKIE A MRS Mie BiRiH BRI RRK I IX L6205 1 Z 8
A, T HEEEHEEN. XFERY. 2R DISORT HR,
THEX T dbig s RS B R KR W . EiT LR BT R TFRRE RN RR
9 e 2tk O ) R O AH BB U AR B 39 KPR B A RN 4B 5T B B A K,
MTTEBREAR PRI LRRBALF, FIF MFRSR XTI (58 558 8 KA H
K1 RIS IE T LA B IR B FRvb R F R AEBRFE M AL

)R R RIEEGHMERMTE SR . SRR T TR EHER R
ZEE. KFERTAURE SR FEBMEFAHEBERT, X MFRSR RIR
PREGERMIRE . EREPEAZEENTBERARRFHEE/DT 1/, 50E
BATERARENT 3%, EXZEREERTF |, KERTABKIEG60%), RERE
KE-40%. ARIFTIEMPENMFIRSBROCEERNE ZRLTEREHENT 1
1 I A B 4 AT LA A R BT R BT E IR E AR 3%, WBIRIEERET
#1. ’

(6) /M4BT MISR. MODIS TLE f&/R 88 M H b % Hi%E LK Deep Blue Hi.
B BEMW R SER G EE 5E CIMEL 1 MFRSR SRS R
%, LA MISR ERE AL TR, ¥ TRRRRENBRCFEERRENME
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Btk XRFKN MISR RIESBEREZETRA RIS EERBRRBEN LR,
R MISR 7] BL@E £ M R BB R I RES, ATIBHEBENRER
H#EEEE. Deep Blue f§ ] T HER K M8 2B/ ik BUR IR 18 H R {5 BRI
FHRRSHIRMEEN, ATIATUEFR., $TRBX EBRASHENRIERE
BtF R . MODIS W EEERAMRBEGIGE, &FEERIELIMNEEIRSE
WRREE, HRETELIINEESHMENNMBENBRRBENXRZ. ATE
FRUMKX, #RRBEEK, RNV RRERGELIFEREE -, A
T {£#% MODIS W & B R B AR KB RREZE T BAMIRE,

() GKEEET LEAS, WRANHBEREARE BRMRERA, RETTE
ELZRBEER. KUY ELRNZEFE. BTEDERRER (BHRERS
SIEESRMET), HHEEEEZNUH, TAXNLHBEREZRME = TH
PEER, THENZH—ENFERS, BIUZKEHERED, BdTEH
B SRS EMER ST, KR LR ERMEERAHEMERER. &
MEREEREERAET. ARSHRNERDLRRRET T HESBEMIZ
Ja, RETHAG. KABBERERRZRRMPDIEANDEMF L, T
LLHMFITT MBARIBE = TA B L E B R R . BT R ARk
EMEARGTRAS, RE—MAERNEEENDLRE.

72 FERBERE -

(WAXERETE IR DL TEBOCEHEN, BT RMERRS), Rik

BT 2008 FFEF2AMAS 11 MYEAG. BT REA EHKERME, Fiufit
ERAFERUFM TR RBEBOCF R, F5R R KBS Y LR T
ERRA AMREEL, URSRY LR HIRK.
- QEWMEEEEBRRESEREHER, & E e BRAK, it
MISR DES#HEAEEBE, ERBENEERSARNMIRD, RE—
AT 3 RURD R LU T BB, LAJE T CAZE P A X BB ] Y AT A T 3R
WL, AT 7E 25 [E) Ae (8] B2 B & A T SR PR R I E L2 K RIR

)X T H i H MR RAR RN R TR RN FFE, BHiNELWN
FRE AT SRR L3 BRI BRI R AE R . LR B FRB{E 532
HERE B RAUAFHEURKRRBELRFEWEK, B X —BRERE FRE.
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Abstract

Qbservations from visible, infrared and microwave satellite instruments are integrated to detect dust storm over northwestern China.
Microwave measurements are used to detect the dust storm undemeath ice clouds, while visible and infrared measurements are utilized for
delineating the cloud-free dust systems. Detection is based on microwave polarized brightness temperature differences (A Ty,= Ty — Tyy) among
two channels of 89 GHz and 23.8 GHz and infrared brightness temperature difference (BTD) between channels at 11 and 12 pm. It is shown that
the integrated approach is better than the method solely based on infrared BTD in storm detection, especially for those dust systems covered by ice
clouds. This approach is applied for the Asia dust storms cases using the data from the Moderate Resolution Imaging Spectroradiometer (MODIS)
and the Advanced Microwave Scanning Radiometer (AMSR-E) onboard Aqua satellite.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Mineral dust plays an important role from a climate study
point of view, as do anthropogenic aerosols, especially when we
consider the global trend of desertification caused by land
development (Sokolik & Toon, 1996; Tegen & Lacis, 1996).
The Asia dust storms most frequently originate in the regions of
the Taklamakan Desert of China and the Gobi Desert of
Mongolia and peak in late winter and early spring. The dust
aerosol layers are capable of traveling thousands of kilometers
at high altitude and outflow from the continent to the open sea
near Korea and Japan under prevailing westerly conditions
(Haywood et al., 1999; Higurashi & Nakajima, 2002; Takemura
et al,, 2002). Dust aerosol has a significant effect on the
atmospheric radiation budget because of a large emission
amount (Albrecht, 1989; Bréon et al., 2002; DeMott et al.,
2003; Huang et al, 2006a,b; Rosenfeld & Nirel, 1996;
Rosenfeld et al., 2001; Twomey et al., 1984). Such dust storms
can also pose a serious health risk for people with respiratory
disorders. Thus it is imperative to be able to monitor dust storms
and predict their evolution,

» Corresponding author.
E-mail address: hjp@lzu.edu.cn (J. Huang).

0034-4257/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
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Several techniques have been proposed for detecting mineral
dust and volcanic ash using thermal-infrared observations
(Ackerman, 1997; Legrand et al.,, 2001; Prata, 1989; Prata &
Grant, 2001). Detection is based on the brightness temperature
differences (BTD) either in two or three channels. Ackerman
(1997) argued that a combination of three IR channels near the 8,
11, and 12 um bands is likely to provide a more robust way to
identify dust. Using satellite observations of AVHRR and HIRS/2
of dust outbreaks over the Arabian Peninsula and adjacent
Arabian Sea in July 1985, Ackerman (1997) demonstrated that
analyzing BTD between the 8 and 11 um channels against BTD
between the 11 and 12 um channels enables to discriminate dust
from the clear sky over both oceans and lands. However, the most
common dust storms in East Asia are those caused by strong
winds behind a cold front and generally coexist with cirrus.
Because the visible—infrared radiance is primarily sensitive to the
upper cirrus cloud layer, especially when the upper-layer cirri are
thick, the BTD approach is nearly useless to detect dust under
cirrus areas. The microwave radiation, however, is not signifi-
cantly scattered or absorbed by ice clouds. Microwave can
penetrate the ice cloud, so the change of microwave radiation
caused by the dust below the cirrus can be received by the
microwave sensors on satellite and finally converted to the change
of brightness temperature. Consequently, it is possible to combine
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both visible-infrared and microwave techniques to determine the
presence of a dust storm.

Little work has been done on integrated multisensors
detection of dust storms. El-Askary et al. (2003, 2006) have
analyzed several remote sensing instrument capabilities in
monitoring dust storms and developed the multisensor approach
for detecting dust storm. They have studied the behavior of dust
particles at different wavelengths and found that the technique
based on a combination of optical and microwave sensing is
particularly useful for detecting dust storm and suggested to use
scattering index (SI}) which was developed by Ferraro and
Grody (1994) for monitoring dust storm at microwave length.

In this paper, we proposed to use microwave polarized
brightness temperature differences (AT, =T\, — Ty, combining
with thermal-IR BTD approach for dust detection. The
“polarization temperature difference” (PTD) at microwave
frequencies was used by Greenwald et al. (1997, 1999) to
estimate cloud liquid water path (LWP), It was also shown that
PTD has small magnitudes over land, which is believed to be
associated with land polarization, and is much less sensitive to
cloud vertical location, surface temperature variability, and
systematic instrumental errors. The microwave PTD is
suggested to detect cloud over dust system while infrared
BTD is used to monitor cloud-free dust system.

2. Data

The data used in this study are from microwave, visible and
infrared measurements which are taken by Aqua satellite. Aqua
is an Earth observation satellite that monitors from space
various kinds of physical phenomena related to water and
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Fig. 1. Example of six dust outbreaks of the true color composite over northwest
China, in which channels 0.65 pm, 0.56 pm and 0.47 pm are associated with
red, green and blue colors, respectively. Box | is the pure dust region (DUST),
box 2 the clouds over dust region (COD), and box 3 the cloud in dust-free cloud
region (CLD). The regions covered by green, black, red curves are the dust areas
that were decided by BTD, surface meteorological stations and multisensors
method, respectively.
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Table 1
Six dust cases used in this study
Image  Date GMT  Latitude (°N)  Longitude (°E)  SAT
1 20030326  04:20  38.0-4R.0 1180-1320  Aqua
2 2003/04/09  06:15  35.0-45.0 72.0-86.0 Aqua
3 2003/04/17 0700  35.0-45.0 73.0-87.0 Aqua
4 2004/03/09  05:30  40.0-50.0 102.0-116.0 Aqua
5 200403727 0515 40.0-50.0 104.0-1180  Aqua
6 2004/05/08  04:15  40.0-50.0 118.0-132.0 Aqua

energy circulation. The AMSR-E is a conical scanning total
power passive microwave radiometer sensing (brightness
temperatures) at 6 frequencies ranging from 6.9 to 89.0 GHz.
Horizontally and vertically polarized radiations are measured
separately at each frequency. The AMSR-E antenna tempera-
tures were converted to brightness temperatures T, with the
method of Wentz (1998). The MODIS has 36 spectral bands
ranging in wavelength from 0.4 to 14.4 pm and is designed to
remotely sense atmospheric temperature, moisture profile,
clouds, aerosols, and surface properties. Fig. 1 shows an
image from MODIS data for an example of dust storm cases
over northwestern China. To compare the infrared and
microwave brightness temperature of dust aerosol and cloud,
three regions are selected to represent the dust and clouds in
different environments. Box 1 (hereafter DUST) in Fig. 1
represents the cloud-free dust region. Box 2 (hereafter, CLD)
denotes an area where clouds occurred in a dust-free
atmosphere. Box 3 (hereafter, COD) represents overcast clouds
in dusty conditions. The CLD and COD regions are selected
based on observations from 701 surface meteorological stations
in China and Mongolia (Wang et al., 2003). The surface stations
report dust in four categories at 3-hour intervals: dust storm,
wind-blown sand, floating dust, and no-dust. For a cloud region
observed by satellite, if the surface observation is no-dust, this
region is defined as CLD, and if the surface observation is dust
storm, this region is defined as COD. For the period of 2003 to
2004, we have identified and collected six dust storm cases (see
Table 1) over northwest China.

3. Method and results

Since channels at 11 and 12 pum lie in the thermal-IR
window, absorption by other atmospheric gases is negligibly
small and dust has a higher emissivity at 12 yum than at 11 pm,
the BTD between the 11 and 12 um channels (BT,s) can be used
to detect the dust storm. Ackerman (1997) showed that the BT,
for dust is negative because dust has a higher albedo at 12 pm
than at 11 pm. In this case, the clouds are distinct from the dust
in the BT 45 image (Fig. 2). The average BT s is less than —2.0K
in the pure dust region and larger than 0 K in the cloudy regions.
Using a threshold of BTD=-2 K would identify 80% of the
dust. However, it can only identify 5% of pixels in the cloud
over the dust region. It is because the infrared radiance is
primarily sensitive to the upper cloud layer. If the threshold of
—1.0 K is used for the BT,s, 98% of the dust can be identified
and 15% of the cloud over dust can be discriminated. But in
dusty areas with clouds, the BT4s signals tend to cancel each
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Fig. 2. Comparison of the brightness temperature difference (BTD) between 11
and 12 pm for six cases for the three regions. The blue color represents the cloud
in dust-free cloud region (CLD). The red color is the pure dust region (DUST),
and green the clouds over dust region (COD).

other and many pixel values of the BTy in COD region are
within the observed probability distribution for CLD. Thus, the
discrimination cannot be possible for the dust under clouds
because the BTD histograms of CLD and COD are close with
peaks at 0.7 and 0.1 K, respectively. The BT,s can also be used
as an additional constraint for detecting fire and smoke, but the
threshold is BT,s>4.0 K (Li et al., 2003).

Fig. 3 compares the AT, of different regions as a function of
frequency for desert (Fig. 3(a)) and grassland (Fig. 3(b)) surfaces.
The AT, of desert is an averaged value of cases 1 and 2 listed in
Table 1, while the AT, of grassland surface is the mean value of
cases 4 and 5 listed in Table 1. The results show that the averaged
AT, of COD and CLD regions is significantly different for all
frequency bands. Since water droplets and precipitations can
strongly reduce the differences between vertical and horizontal
polarized brightness temperature, the AT, values of CLD region
are much smaller than those in the COD region. This suggests that
the COD and CLD regions may be separated using AT}, for both
desert and grassland surfaces. For desert surface, AT, of COD
region is also quite different from that in clear sky condition, the
value of AT;, in COD region is less than that in sky condition. For
grassland surface, the relationship between AT, in COD region
and in clear sky condition is complicated but such relationship in
89 GHz is similar to that over the desert surface.

The dimension of dust particles is larger than that of the
normal aerosol particulates, but is similar to the incident
wavelength of microwave radiation. Therefore, microwave
radiation responds to dust particles in Mie scattering regimes.
The shorter the wavelength of the incident radiation in the
microwave range, the greater the scattering and hence the
brightness temperature is lower (El-Askary et al., 2003). Also,
the scattering in Mie regime tends to depolarize the surface
polarization. Although the difference between vertically
polarized channels of 23.8 and 89 GHz could represent the
scattering signature of dust aerosols, water cloud and precip-
itation may also scatter emitted radiance and complicate the
process. It is found that the simple difference between vertically
polarized channels of 23.8 and 89 GHz cannot distinguish dust
from the background. To overcome this shortcoming, one can

'“Df' .

use the polarized difference. As shown in Fig. 3, the slope of
AT, for CLD region is much smaller than that for the COD
region. This suggests that the difference (AT,,) between lower
frequency (23.8 GHz) and higher frequency (89 GHz) can be
used to detect COD regions. Fig. 4 shows scatter plots of ATz
with ATy2; 3 for each of the three groups for six cases listed in
Table 1. M‘m and Asz:.s are the difference AT,= ﬂw"ﬂ,h
between the vertical and horizontal components of the
brightness temperature at 89 GHz and 23.8 GHz, respectively.
The relationships between ATygo and ATyzs ¢ are distinct for
dust-free and dust groups. For CLD groups in Fig. 4, AT, is
small at both 89 and 23.8 frequencies and ranges from O to 15 K,
and the mean value of ATygo and ATy235i54.75 Kand 6.05K,
respectively (see Table 2). The standard deviation of ATyge
(3.01 K) and ATy3 5 (4.18 K) is also very close. In contrast,
both ATbgg and ﬁrmg_g are much Za.rger for COD and DUST
groups. For COD groups, mean AT,g is 12.48 K, which is
about 10.49 K less than the mean value of ATy, and their
standard deviations, which are 3.85 K and 6.70 K, respectively,
are also quite different. In addition to the presence of clouds,
this large difference arises from the fact that the MW radiation

89 10.7 18.7 238 385 80
Frequency [GHz]

Fig. 3. The average polarized brightness temperature difference as a function of
frequency for (a) desert surface and (b) grassland surface.



J. Huang et al. / R Sensing of Envir 110 (2007) 186-191 189
a case 1 b case 2
( )so T ( )so
[ ]
g v : g
£ 20} ' 5
Tal | z
10 . f i
b smansnd 3
8 cp ! e
=10 *c;(l‘m : -10
-zopIDUST , . 200
20 <10 0 10 20 30 40 50 20 10 0 10 20 30 40 50
23.8GHz(V)-23.8GHz(H) [K] 23.8GHz{V)-23.8GHzZ(H) [K]
(c) case 3 {d) case q

Of=cccpacccccnnmn- -

20 10 0 10 20 30 40 S50 0 10 20 30 40 50
23.8GHz(V})-23.8GHz(H) [K] 23.8GHz(V)-23.8GHz2(H) [K]
(-} case 5 case b
© 50 T M 50 T
a0} ' o 40 ;
X ! 3 '
g 30 ! 30 :
5 20 ' 20 '
10} : . 10} '
g . A _ g ol T i
1] 1]
& <o ! qopcp !
10fCop_ ! 10r¢op !
20}-DUST ! ) gol:oUST ' ,
20 -10 0 10 20 30 40 50 20 10 0 10 20 30 40 SO
23.8GHz(V)-23.8GHz(H) [K] 23.8GH2(V)-23.8GHz(H) [K]

Fig. 4. Comparison of the microwave brightness temperature difference (in K) between Tyggy = Toson and Tizs sy — Thazs s fOr six cases for the three regions. The blue
color represents the cloud in the dust-free cloud region (CLD), the green the clouds over dust region (COD), and red the pure dust region (DUST).

emanates from much lower dust layers than the top ice cloud
radiances. For the dust group, the mean ATygo (20.75 K) is
about 8.07 K less than the average ATy,3 5 values (28.82 K),
which is close to the COD group and much larger than the CLD
group, their standard deviations are 6.63 K and 692 K,
respectively. These results suggest that significant differences
between AT,gg and ATy»34 can be used as a discriminator of
identifying dust storm. We define a microwave polarized index
(MPT) for monitoring the dust storm. The MPI can be written as:
MPI = ATygs — ATz s (1)

Fig. 5 shows the MP] histogram for dust region (red bar),
COD region (green bar) and CLD region (blue bar) which is
derived from the six cases listed in Table 1. The major

difference between the COD and CLD is the frequency
distribution of MPI. Fig. 5 displays that better discrimination
is possible for the dust under ice cloud because the MPI
histograms of CLD and COD are substantially different with
peaks at —1.3 and —10.5 K, respectively. However, the COD
and DUST regions yield about 100% negatively large MPI

Table 2

The mean and standard deviation of the difference between vertical and
horizontal components of the brightness temperature at 89 GHz and 23.8 GHz
for the three regions

CLD COD DUST

Mean St dev Mean St dev Mean St dev
ATy 4.75 3.01 12.48 395 20.75 6.63
ATysx  6.05 418 22.97 6.70 2882 692
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Fig. 5. Histogram of the mi larized brightness temp difference

index L.6., MPT=(Tyan = Tossn) = (Taas.av= Toasan) for six cases for the three regions.
The blue color represents the cloud in dust-free cloud region (CLD). The red coloris
the pure dust region (DUST), and green the clouds over dust region (COD).

values and their MPI histograms are relatively similar with
peaks at —10.5 and —8.5 K, respectively. Using a threshold of
MPI of = 7.0 K, we would identify about 85% of the cloud over
dust and pure dust pixels. In this case, values of MPI less than
—7.0 K should indicate the presence of dust under ice cloud.
However, it would misidentify 5% of the dust-free clouds
having relatively small MPI (<—7.0 K). The second peak of
COD may be related to areas where the dust intensities are
weaker than those in pure dust regions.

Fig. 6 compares the distribution of MPI (left panel) and BTD
(right panel) for the dust storm case of March 27, 2003. The
coverage of red solid line is the true dust storm region determined
by surface meteorological stations® observation. It can be easily
seen from Fig. 6 that some cloud covered regions identified by
BTD are re-identified as COD by the MPI method, and the dust
storm region detected by MPI is much closer to the true dust storm
region than it was identified by the BTD method. It is concluded
that that discriminating dust from clouds may be possible by
satellite microwave measurements. This can be achieved by only
IR measurements. The combined multisensor measurements can
be used to improve the determination of dust storm coverage,

(a)

-22-19-16-13-10-7 -4 -1 2 5 8
MPI (K)

Fig. 7. Flow chart of multisensor approach for dust storms detection.

especially for detecting the COD region. Fig. 7 shows the flow
chart of our multisensors approach for detecting dust storms. As it
shows, the visible channel is first used to separate the target region
into cloud and cloud-free regions. Then BTD method will be used
to check the cloud-free region for identifying whether there exists a
dust area or not. If the cloud region is surrounded by dust aerosols,
the MPI method will be used to detect the dust undemeath the
clouds. The final dust regions, therefore, are determined by both the
BTD and MPI methods. The comparison of multisensor methods
with the BTD method is shown in Fig. 1. It is obvious that the dust
storm coverage which is determined by the multisensor method
(red curve) is much closer to the true dust storm region (black
curve) than that identified by the BTD method (green curve).

4, Conclusions and discussions

BTD has been a mature method to detect pure atmospheric
dust over both sea and land surfaces, but it is helpless to find the
dust covered by cloud. Microwave radiation, however, can

(b)
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e —

654321012 3 4
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Fig. 6. Comparison of dust storm area identified by the MPI (a) and BTD (b) for the dust storm case 5 (March 27, 2004). The red solid line is the true dust storm region
determined by surface observation. The surface observation sites are marked by black squares.
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penetrate ice and is well suitable for monitoring dust storms when
there exists an ice cloud. The method of using microwave to
detect dust is based on the polarization difference technique which
can partially overcome surface emissivity variability and
distinguish dust from cloud. The results found here indicate that
using MPI may provide accuracies of ~90% for detecting COD
systems. Detection of COD with larger MPI or with better
accuracy requires much additional studies. The new techniques
were applied to the AMSR-E observations over northwest China.
Although the techniques described in this paper exploit the
AMSR-E observations, they could be easily adapted for other
microwave sensor applications such as SSM/1 and AMSU
observations. By combining both the methods, it could be
possible to overcome some of the weaknesses in the two
techniques used alone. For example, the MPI data provide
minimal discrimination for cloud over dust identified as ice cloud,
but the BTD can be used to detect many of the pure dust regions.
Conversely, the MPI is not particularly helpful in the identifica-
tion of weak dust storms, but BTD appears to be useful in these
cases. This approach has also a potential to discriminate dust from
smoke. When dust and smoke are mixed together, the BTys
should be much higher than the smoke-free dust event and the
BTD approach cannot discriminate the dust from the smoke. The
microwave radiation, however, is not significantly scattered or
absorbed by smoke. Microwave polarized brightness temperature
difference can be used to detect the dust in this case.
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Abstract. Effects of dust particles on microwave radiation
over the Taklamakan desert are studied with use of measure-
ments from the Advanced Microwave Scanning Radiometer
(AMSR-E) on the EOS Aqua satellite and a microwave radi-
ation transfer model. Eight observed cases show that the sig-
nal from atmospheric dust can be separated from the surface
radiation by the fact that the dust particles produce stronger
scattering at high frequencies and depolarize the background
desert signature. This result of satellite data is consistent with
the model simulation.

1 Introduction

Taklamakan is the second largest desert in the world and a
major source of dust aerosols in East Asia. The strong winds
often stir up surface sand, lift small particles and trigger mon-
ster dust storms. The most serious dust storms, called blind
dust storms, can cause near-zero visibility. There are nearly
60 sandy days throughout a year over Taklamakan desert,
and most of dust particles are transported into the atmosphere
and form a layer of dust aerosols. These dust particles have
been recognized as important atmospheric constituents be-
cause dust particles influence the global climate by scatter-
ing and absorbing solar radiation, and absorbing and emitting
outgoing longwave radiation (Twomey et al., 1984; Albrecht,
1989; Resenfeld et al., 2001; DeMott et al., 2003; Huang et
al,, 2006; Slingo et al., 2006). Recently, Huang et al. (2007)
use the Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observations (CALIPSO) to monitor the dust aerosols orig-
inated from the Taklamakan desert and point out that these
dust plumes even can sack up against the northern slope of

Correspondence to: J. Huang
BY (hjp@Izu.edu.cn)

Tibetan Plateau, these dust plumes over Tibetan Plateau may
alter the atmospheric circulation and lead to an earlier on-
set and intensification of the Indian monsoon (Lau and Kim,
2006). The aerosols associated with dust storms can also
pose a serious health risk for people with respiratory disor-
ders. It is imperative to monitor the dust storms and predict
their evolution for both climate and environment researches.

Several techniques have been developed for detecting and
tracking dust storms. One of the detection methods is based
on brightness temperature differences (BTD) either in two
or three thermal-infrared channels (Prata, 1989; Ackerman,
1997, Legrand et al., 2001; Prata and Grant, 2001). This
approach enables people to discriminate dust from the clear
sky over oceans and land. Limited work has been done on the
sensitivity of microwave radiation to aerosols including vol-
canic ash (Delene et al., 1996) and in particular dust storms
(El-Askary, 2003 and 2006). The lack of interests in using
microwave measurements for dust storm detection may be
due to incomplete knowledge on dust particle size relative to
the wavelength (or size parameter). In general, microwave
radiation can penetrate through the dust storm with little at-
tenuation when the size parameter is small. From recent in-
situ measurements, the dust aerosols can be as large as a mil-
limeter size. Such particles can also be charged as well (Yang
etal., 2003).

El-Askary (2003) studied dust storms using Tropical Rain-
fall Measuring Mission (TRMM) Microwave Imager (TMI)
data. At microwave frequencies, dust particles could scatter
significant amount of radiation as identified by the scattering
index (SI) which was developed by Ferraro and Grody (1994)
for precipitation monitoring. In this study, we further exam-
ine the effects of dust storms on the AMSR-E brightness tem-
peratures (Tb) and use the brightness temperatures to deduce
the information on dust particles.

Published by Copernicus Publications on behalf of the European Geosciences Union.
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Fig. 1. Comparison of polarized brightness temperature of the dust
case on 18 March 2005 and clear sky values of March 2005 as func-
tion of frequency. Upper panel is for vertical Tb, lower is for hori-
zontal.

2 Data and model

The data used in this study are from the Advanced
Microwave Scanning Radiometer (AMSR-E) onboard the
NASA EOS Aqua satellite which was launched in May 2003.
The AMSR-E has 12 channel polarization measurements at
six frequencies in a range of 6.9 to 89 GHz. It conically
scans the whole globe in two days as it ascends and descends
around the earth. The AMSR-E antenna temperature was
converted to brightness temperatures using the method pro-
posed by Wentz (1998). For the period of 2003 to 2006, we
have identified and collected eight dust storm cases (see Ta-
ble 1) over the Taklamakan desert.

The model used in this study is a vector discrete ordinate
microwave radiative transfer (V-DISORT) program (Weng,
1992), which is applied to simulate microwave radiation
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Table 1. Eight dust cases used in this study.

Case Date GMT Lat(°N) Lon(°E)
1 04/09/2003 07:14 38.7-39.3 78.0-78.8
2 03/12/2004 07:02 38.9-39.3 81.0-82.0
3 04/23/2004 07:39 37.5-38.0 78.8-80.2
4 01/30/2005 06:38 38.4-39.5 81.5-83.5
5 03/18/2005 06:38 36.3-36.7 80.7-82.0
6 03/13/2006 0644 38.8-39.7 78.3-81.2
7 03/14/2006 07:27 38.0-39.0 78.0-80.0
8 03/15/2006 06:31 36.8-37.7 80.5-83.0

transfer in the atmosphere. The effects of dust particles on
microwave radiation are simulated by this model with an as-
sumption of spherical dust particle shapes.

3 Analysis and results

The particle sizes of sand and dust over the Taklamakan
desert are mainly in a range of 0.002-0.2mm (Yang et al.,
2003). Strong winds not only lift small dust aerosols into the
air higher than 1km but also form a horizontal flow of large
particles within a boundary layer about 1.5m in thickness.
Both dust particles suspending in the air and flowing near the
surface can have a significant impact on microwave radiation
transfer.

In this study, we examine the effect of dust storms on the
AMSR-E Tb and use it to deduce the signal of dust particles.
Figure 1 compares the mean Tb for both vertical and horizon-
tal polarizations from the dust storm case on 18 March 2005
with those from the clear sky cases on March 2005. At verti-

www.atmos-chem-phys.net/8/4903/2008/
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Table 2. Surface emissivity of vertical and horizontal channels for
six AMSR-E frequencies.

Surface Emissivi

Frequency (GHz) vertical horizontl);l
6.9 0.882 0.749

10.7 0.888 0.752

18.7 0.901 0.763

23.8 0.900 0.772

36.5 0.904 0.785

89.0 0.940 0.830

cal polarization (Fig. 1a), the brightness temperature spectra
display a distinct feature, especially at high frequency. The
difference between the Tb of vertical polarization for clear
and sandy days can reach 10.5K at 89 GHz. This bright-
ness temperature depression is presumably attributed to the
extinction of the upwelling surface microwave radiation by
the dust particles. At low frequencies, the attenuation of
microwave radiation by dust aerosol is small at the vertical
polarization, because the dust particle size parameters are
small at these long wavelengths. At the horizontal polariza-
tion (Fig. 1b), the brightness temperature for the dust case is
initially larger than that of clear sky at lower frequencies and
then becomes smaller at 89 GHz. We can explain this oscil-
lated feature in terms of relative contributions from surface,
and dust emission and scattering. For clear sky conditions,
the brightness temperature at 6.9 GHz is lower because of
the low surface emissivity and a lack of atmospheric emis-
sion. When dust storms occur, the brightness temperature in-
creases as a result of increasing atmospheric emission from

www.atmos-chem-phys.net/8/4903/2008/
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Fig. 5. Comparison of the average polarized brightness temperature
difference as a function of frequency.

the dust. At higher frequencies, the surface emissivity is rel-
atively higher at horizontal polarization, where the bright-
ness temperature difference between clear and dust condi-
tions mainly depends on whether there are large particles that
produce significant scattering. '
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To quantify the scattering intensity, Basist et al. (1996)
defines a scattering index. Here, we revise it by using the
brightness temperature difference between 23.8 and 89 GHz
to identify the scattering effects of dust aerosols. Figure 2
shows the scatter plot of T23.8GHz(v)—T89GHz(v) against
T23.8GHz(H)—T8oGHz (H) for eight cases. The scattering in-
dices using the vertical and horizontally polarized mea-
surements are distinct for dust and clear sky groups. For
the clear sky groups represented by blue dots, the val-
ues of T»3.8GH,~TgoGH, are small, where the mean scat-
tering indices are —8.59K and —17.39K, for the respec-
tive different polarizations. In contrast, the mean values
of T23.8GH2—T89GHz are much large for dust groups. At
horizontal polarization, the mean scattering index is 6.93K
warmer than the clear groups. It is about 7.41 K warmer for
vertical polarization. Dust particles have scattering effects
at high frequencies for both the vertical and horizontal mi-
crowave channels.
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In Fig. 2, the mean value of T23.8GHz(H)—T89 GHzny for
dust groups is much larger than that for the clear groups,
which also indicates that the decrease of brightness temper-
ature at the high frequency is due to the dust particles in the
atmosphere but not the surface phenomena. To use the full
spectral information from AMSR-E data, we further intro-
duce an index that is based on the brightness temperatures of
three vertical polarization channels at 18.7, 23.8, and 89 GHz
so that

SCAT=(18.7V-89V)/2+(23.8 V-89 V)/2 4))

Figure 3 displays the probability density functions (PDF)
of the SCAT from all pixel-level data for either clear or dust
cases. It appears that the clear and dust pixels can be sep-
arated between two PDFs. Smaller values of SCAT occur
more frequently for clear desert, compared to these from
dusty cases. The mean SCATs are —8.30K and —0.61 K
for clear and dust cases, respectively. Note that for the dust
cases, the SCAT can reach 10K. These extreme values are
typically associated with strong dust storms which can lift up
more and larger dust particulates and cause stronger scatter-
ing. It should be pointed out that the SCAT over Taklamakan
desert is typically negative in our study but positive over Sa-
hara from a study by Neale (1990) who used the Special Sen-
sor Microwave Imager (SSM/I) data. This difference may be
due to a significant difference in chemical components of the
two deserts and/or the calibration problems associated with
SSM/L

Deserts are normally characterized by a large polarization
difference in brightness temperature at all microwave fre-
quencies when atmosphere is clear. When dust storms occur,
the polarization difference becomes smaller. Here, we define
another index in reflecting the polarization change from the
dust storms, viz.,

PTD=(18.7V—18.7H)/2+(36.5 V~36.5 H) /2. @

Figure 4 plots the frequency distribution of the polariza-
tion difference for clear and the dusty cases. For clear cases,
the mean value of the expression is 39.48 K, which is slightly
greater than the mean value of dusty cases of 36.72K. Ina
dust storm, the dust particles in the air and near surface can
distribute randomly. These randomly distributed particles
can emit and scatter microwave radiation to all directions,
therefore depolarizing surface radiation as shown in Fig. 5.
Note that the presence of dust particles does not significantly
depolarize surface radiation at high frequencies, because at
high frequencies surface polarization difference is not signif-
icant.

To further elucidate the scattering properties of dust parti-
cles, simulations were conducted using the radiative transfer
model. In the model calculations, the dust particles are as-
sumed to be spheres with a normal size distribution. The
aerosol concentration over East Asia is often high (Li et al,,
2007), the average number concentration of dust particles is

www.atmos-chem-phys.net/8/4903/2008/
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extremely large over desert region and set to be 1700 cm™>
(Cheng et al., 2004). Vertical profiles of temperature, pres-
sure, humidity are from NCEP re-analysis data of 18 March
2005.

Figure 6 shows the model simulation result of the bright-
ness temperature variation as a function of dust particle size
without considering dust absorption property. The dielectric
constant is 5.52 for dry sand at the six frequencies of AMSR-
E. It clearly shows that both the vertical- and horizontal-
polarization Tbs at the high frequency of 89 GHz are signifi-
cantly reduced as dust particle size increases. In Fig. 6a, the
Tb is 4.2 K higher when particle size is 100 um than that in
clear sky (i.e. 0 um) and the difference of Tb between clear
and 100 um is 3K. For the other frequencies from 36.5 to
6.9 GHz, because of the wavelengths are much larger than
particle sizes, both the vertical- and horizontal-polarization
Tbs are almost invariant. Figure 7 is the same as Fig. 6, but
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considering dust absorption, the dielectric constant is 5.52—
0.024i. Both scattering and absorption cause the vertical-
polarization Tb at 89 GHz to be reduced rapidly with the in-
crease of particle size. As shown in Fig, 7a, the difference of
Tb between clear (0um) and 100 um particle size conditions
can reach 14K for 89 GHz. For 36.5, 23.8 and 18.7 GHz,
the absorption of dust can also damp the microwave radi-
ance penetrating the dust layer and the difference of Tb be-
tween clear (0 um) and 100 um conditions are 2.9K, 1.8 K
and 1.5K, respectively. In Fig. 7b, all of the Tbs at the six
frequencies become larger and larger with the increase of
particle size. Thermal emission could account for this phe-
nomenon.

Atmos. Chem. Phys., 8, 4903-4909, 2008
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Figure 8 is the model-simulated result of clear condition
of March 2005 and the dust case on 18 March 2005. Firstly,
we set a clear condition and adjust the surface emissivity of
both vertical and horizontal channels for the six AMSR-E
frequencies to make the simulation have the same values with
satellite observed clear sky result. Table 2 shows the emissiv-
ity in the model (Karbou, 2003). Comparing with Fig, |, we
can see that both the dashed lines in Fig. 1 and Fig. 8 which
represent the Tb of clear sky have same values at each chan-
nel. Then, we add dust particle into the model and simulate
the microwave radiance which passes through the dust layer
and is received by satellite sensor. In Fig. 8a, the Tb value
of solid line at 89 GHz is 274K that is much smaller than
that of dashed line because of strong dust extinction effect
on vertical polarized channel. The feature is consistent with
it in Fig. 1a. For the horizontal channel of 89 GHz, there is
a difference between observation and simulation. In Fig. 1b,
the Tb value of dust at 89 GHz is pronouncedly smaller than
that of clear day. But in Fig. 8b, when dust is present, the Tb
value of 89 GHz is 1.3K higher than that under clear condi-
tion. The microwave brightness temperatures in the vertical
polarization are not sensitive to sand particle habit, but it is

sensitive to it in horizontal polarization (Hong et al., 2007).

Thus, the lack of accurate particle size distribution, shape and
dielectric constant may introduce the difference of observa-
tion and simulation. We also calculated the PTD using the
simulated Tb values. For clear day, the value of the expres-
sion (2) is 37.8K and higher than that of sandy day which
is 29.52 K. The model results confirm that dust depolarizes
surface radiation.

4 Conclusions and discussions

AMSR-E brightness temperatures are analyzed for eight
dust-storms over Taklamakan Desert during the period be-
tween 2003 and 2006; the impacts of dust on microwave ra-
diation are also investigated by a radiative transfer model.
Both the observed and the model-simulated results show that
the brightness temperatures at high microwave frequencies
are depressed due to dust scattering. The dust particles also
have some weak depolarization effects on surface microwave
emission from deserts. This finding is significant when mi-
crowave measurements from space are combined with in-
frared sensor data. In an infrared algorithm, the brightness
temperature differences between 8 and 11 um vs. those be-
tween 11 and 12 um can discriminate the dust from clear sky
(Ackerman, 1997). However, the most common dust storms
in East Asia are those caused by strong winds behind a cold
front and generally coexist with cirrus. Because the visible-
infrared radiance is primarily sensitive to the upper cirrus
cloud layer, especially when the upper-layer cirrus clouds
are thick, the BTD approach can hardly detect dust under-
neath the cirrus clouds. Since the microwave radiation is not
affected by ice clouds, the change in microwave brightness
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temperature spectrum can be solely associated with dust par-
ticle effect when cirrus clouds and dust coexists in the atmo-
sphere. A multi-sensor algorithm has been recently devel-
oped to detect all dust storms using VIS-IR (visible-infrared)
and microwave measurements (Huang et al., 2007). It is
shown that the algorithm can detect cloud-over-dust system
while infrared measurements are only for the cloud-free-dust
system.

Further investigation of dust effects on microwave still
need to be done for us. Some measurements and re-
search works show that dust particles in dust storms can
carry charges (KAMRA, 1972), patticle shape is non-sphere
(Dubovik et al., 2002, 2006; Yang et al., 2007) and particle
size distributions are uncertain. All of these should be con-
sidered in future work in order to give a perfect theoretical
explanation.
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Optical characteristics of black carbon and
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Abstract; The numerical algorithm of Mie theory was realized in IDL.. The scattering efficiency
and phase matrix elements of black carbon and dust aerosols at 400 nm and 860 nm wavelength
were calculated when their radius were 1 gum, 2.5 pm and 10 pm. The results show that the
optical characteristics of the black carbon and dust are significantly different, and both the
scattering efficiency and backward scattering of the dust are greater than those of the black

carbon. Since the lighting polarizations of the two aerosols are different at the sun light of

400 nm and 860 nm, both the aerosols can be distinguished with the characteristics.
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