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Abstract: Aerosol is considered to be one of many uncertainties which affect the Earth’s climates and environ-
ments. Space-borne passive optical remote sensor with large field of view, wide-band and high spatial resolu-
tion has become an effective means to realize cloud and aerosol detection from space. After summarizing neces-
sities and feasibilities of optical sensor for cloud and aerosol remote sensing, system components, technical pa-
rameters and characteristics of typical optical sensors for cloud and aerosol remote sensing are introduced in de-
tail. Deficiencies of current instruments and real needs of aerosol retrieval are analyzed, and the development
tendency of instruments for cloud and aerosol remote sensing from space is indicated. Finally, a new cloud and
aerosol remote sensing instrument architecture is envisioned. Integration of large field, medium-resolution,
multi-angle, multi-spectral, wide-spectrum and high accuracy polarimetric sensing approaches into a single in-

strument with long life would be the best choice for new generation optical remote sensor for cloud and aerosol
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from space.
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Tab.1 Parameter contrast of main cloud and aerosol remote sensing instruments

Orbit Spatial Observing
Width/ Spectral ~ Polarization Weight/ Inversion
Item  altitude/ resolution/ angle Launch
km range/ nm accuracy kg method
km km along orbit
TOMS 750 3 000 50 ~250 NA 308.6 ~360 NA 80 MR,RCL 1978
OMI 700 2 600 13 ~24 NA 270 ~ 500 NA 65 MR,RCL 2004
SCR,MR,DDV,
AVHRR 850 2 800 1.1~4.4 NA 550 ~1 100 NA 33 1978
RCL,TC,LOC
MR,DDV,RCL,
MODIS 705 2330 0.25~1 NA 469 ~2 130 NA 230 1999
TC,LOC
CAI 666 750~1000 0.5~1.5 NA 380 ~ 1 600 NA 40 MR,RCL 2009
MSI 450 150 0.5 NA 550 ~2 200 NA 31 SCR,MR,RCL 2015
MISR 705 360 0.275 ~1.1 70°fore ~70°aft 446 ~ 866 NA 148  MR,DDV,ADR 1999
MR,DDV,RCL,
SLSTR 800 740 ~1 400 1~2 55°fore,0°nad 555 ~2 250 NA - 2014
TC,LOC,ADR
MR,RCL,DDV,
POLDER 797 2 200 6~7 60°fore ~ —60°aft 443 ~ 865 2% 32
LOC,ADR,P
MR,RCL,DDV, %4
APS 705 TFOV=8 mrad 6 ~20 60°fore ~60°aft 410 ~2 200 0.2% 60
LOC,ADR,P &I
MMPI 700 1 000 0.5~1 60°fore ~60°aft 330 ~2 200 0.5% <40 - -
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Fig.1 Optical schematic of TOMS
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Tab.2 Technical parameters of OMI instrument

Ttem

Parameter

Spectral range
Spectralinterval

Spectral resolution

UV1:264 ~311 nm; UV2:307 ~383 nm; VIS:349 ~504 nm
UV1:0.33 nm/px; UV2:0.14 nm/px; VIS:0.21 nm/px
UV1:1.9 px=0.63 nm; UV2:3.0/px =0.42 nm; VIS:3.0 px=0.63 nm

Fov 115°(across 2 600 km) x 1.0°(along 12 km)

Gsd in global model
Gsd in local model
Ced pixels

UV1:13 x48 km; UV2.13 x24 km; VIS;13 x24 km
UV1:13 x24 km; UV2:13 x12 km; VIS:13 x12 km
780 ( spectral ) x 576 (spatial )
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Fig.2  Optical schematic of OMI
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Fig.3 Drawing of OMI polarization scrambler

Polarisation scrambler
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Tab.3 Summary of AVHRR/3

spectral channel characteristics

Channel Wavelength/pm ~ GSD/km  Detector
AVHRR-1 0.55 ~0.68 1.1 Silicon
AVHRR-2 0.725 ~1.1 1.1 Silicon
AVHRR-3a 1.58 ~1.64 1.1 InGaAs
AVHRR-3b 3.55~3.93 1.1 InSh
AVHRR4 10.5~11.3 1.1 HgCdTe
AVHRR-5 11.5~12.5 1.1 HgCdTe

AVHRR 9 1.2 338 G s g T R <

IR W= S H ek R G & 4 B
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)
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K4 AVHRR 1.2 S iEE2 A
Fig.4 AVHRR optical configurations ( channels 1 and
2)
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L ——— Space view
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(a) L5HGELR
(a) Composition of MODIS
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door

2z,

MODIS 75 KIS IE R 75 1983 4F g 2 &7
I, A& NASA & T3l /2 EOS ( Earth Observing
System ) TE AR S I 42 35K v H5F 18] 43 HE 3 (R MR 9E)
S AR im0 PR (2000 ) 2 R
SRMHE Y, MODIS J5 %2 B Bt EZ X LT3R |
ISR AR SEEE DT AT TIgiE, T & 2K
TR, AT 1993 AR E T &M
F AR AN 5 7R 4% 1 B OGS AR a0
R AR

(b) (L ERIME
(b) Profile of MODIS

5 MODIS {XZR 2L
Fig.5 Structure of MODIS instrument

&4 MODIS kit
Tab.4 Spectral properties of MODIS

Primary Use Band Bandwidth/ pm Spectral Radiance/( W/m” « pm-sr) Required SNR

Land/Cloud/ Aerosols 1 0.620 ~0.670 21.8 128
Boundaries 2 0.841 ~0.876 24.7 201
Land/Cloud/ Aerosols 3 0.459 ~0.479 35.3 243
Properties 4 0.545 ~0.565 29.0 228

5 1.230 ~1.250 5.4 74

6 1.628 ~1.652 7.3 275

7 2.105 ~2.155 1.0 110

Ocean Color/ 8 0.405 ~0.420 44.9 880
Phytoplankton/ 9 0.438 ~0.448 41.9 838
Biogeochemistry 10 0.483 ~0.493 32.1 802

11 0.526 ~0.536 27.9 754

12 0.546 ~0.556 21.0 750

13 0.662 ~0.672 9.5 910
14 0.673 ~0.683 8.7 1 087

15 0.743 ~0.753 10.2 586

16 0.862 ~0.877 6.2 516

Atmospheric Water 17 0.890 ~0.920 10.0 167

Vapor 18 0.931 ~0.941 3.6 57

19 0.915 ~0.965 15.0 250
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Primary Use Band Bandwidth/ pum Spectral Radiance/( W/m”+pwm-sr) Required NRAT/K

Surface/Cloud 20 3.660 ~3.840 0.45 0.05

Temperature 21 3.929 ~3.989 2.38 0.2

22 3.929 ~3.989 0.67 0.07

23 4.020 ~4.080 0.79 0.25

Atmospheric 24 4.433 ~4.498 0.17 150

Temperature 25 4.482 ~4.549 0.59 0.25

Cirrus Clouds 26 1.360 ~1.390 6.0 0.25

Water Vapor 27 6.535 ~6.895 1.16 0.05

28 7.175 ~7.475 2.18 0.25

Cloud Properties 29 8.400 ~8.700 9.58 0.05

Ozone 30 9.580 ~9.880 3.69 0.25

Surface/Cloud 31 10.780 ~11.280 9.55 0.05

Temperature 32 11.770 ~12.270 8.94 0.05

Cloud Top Altitude 33 13.185 ~13.485 4.52 0.25

34 13.485 ~13.785 3.76 0.25

35 13.785 ~14.085 3.1 0.25

36 14.085 ~14.385 2.08 0.35
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Fig. 6 Optical system of MODIS
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Fig. 7  Schematic view and photograph of proto-flight

modelof CAI

CAT JZHEIM FTS 36 K1) 2 J2 SR Fn 23 1]
BIE R — A 20058 R, BT X A
Jigx Xt CO, Al CH, iy €00 5 Bl 52 i), PR 0 3 2k
CAT XM 25 b & 1 8l 1 = )2 RIS 175 1l
TR ES, T CAI FFEM B =2
23 (AR TR A R IS /N i B, T E T T 4 4
PeB, WA SOk AR AN 3R 5 PR

&5 CAI WA EEREEFIREA

Tab.5 Spectral band choice illumination

Wavelength/  Bandwidth/ Spatial
Pixels
wm nm resolution/km
0.38 20 0.5 2 000
0.674 20 0.5 2 000
0.87 20 0.5 2 000
1.6 90 1.5 500

CAL #Y 4 /i 1E T2k 3 Bk g, &
40 kg, DIFH 100 W, SR FHXT B AN 7 1
TR IAE PR SS E br , TR PUE bR T RE

MSIZ BRI 5 H A B & /£ 230 H EarthCARE
(The Earth Clouds, Aerosols and Radiation Explor-

er) DR M FERM 22—, HRIT 2015 L5, %
TAREBAEMNR = KBRS B 1A EAE
FES A A R B

MSI J&— 5 #1459 B 14 6 1% B AR AN, H 1
AR K404, 24 VNIR (SWIR F1 TIR
SASEIREL, BAOGIE B IS RO CHLR S, 8
T 10 234 0. 659 F10. 865 wm P
T IEE I 2 R 1,61 2.2 um

SWIR-2 radiator TIR camera

'T'[R earth view aperture

-‘-----‘

=" g d
3 : “'f £ “ Sun baffle

VNS earth view aperture

VNS camera

(a) ILARALIR

(a) Instrument structure

I
_::ﬁ}lswmz

’_

— NIR

TIRT TIR2
(OF: 5 VEN
(b) Beam splitter
&8 MSI MR il K 43 =K

Fig.8 Instrument structure and beam splitter of MSI

*6 MSI EFER ARG

Tab.6 Instrument properties of MSI

Ttem Parameters

Orbit altitude 450 km
0.659/0.02.0.865/0.02

1.61/0.06.2.2/0.1.8.8/0.9
10.8/0.9.12.0/0.9

Spectral channel/pum

Observation model nadir
Width/km 150
Spatial resolution/m 500
Global coverage period/days 11/31
Data rate/ (kb + s™') 515
Power/W 86
Weight/kg 31
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Fig.9 Measurement concept of MISR

+45.6°, +26. 1°H10°3L 9 AN BE Y 22615
ARG MISR {7 i 6225 5 LR
G2 FIXTFLAR 5.5, 15 FH EEL L3048 A1 A1 2R f
JE 5 28 (B 4 B T ARG AS [RDULIN A 5 £ 159 ~
124 mm A% (WNE 10 FiR) , BT,
BRSO IBLL K 672 nm I B BIr A W £
FE A 2S 18] 43 380 275 m, HoAh G 18 ) - 44 55 (1]
OYBER A L1 km 0 R E8 )5 T, MISR fii 1] 4
LM CCD R F8 420 K/ R 21 m , BO T Al
T IO % A G A SR 446 558 672,866 nm
4 NP BRI BT

Lens B

Lens C

Lens D

& 10 MISR AG224E %
Fig. 10  Lens of MISR

KM 2 G AL B2 f a2 1) J7 s AN ]
FARE T (19723 (8] 43 HE 3R DU RC B h AT RE , O i 4 3
TR A R A T Bl K {5/ OLCI ( Ocean and
Land Color Radiometer) . EarthCARE I /) % i Bt
45111 BBR ( Broad-Band Radiometer) #J-% ] T iX
— BRI R EHAR T BRI E )



688 DA

8%

FESF BT IR W oR B OK, BLAFAE A8 XU SE BR Y ()
L

MISR 5 MODIS # # 7E ] — DL EF & |,
MODIS EA 454 98 JE 98 G5 /) Ol 1% i i
2250 AT, T MISR. i K 5 a5 2 TR L 9 A £y
FEHRI b3k , AT LASRE Z A B A 205 15 B, XF
T il 5V T AV R P D D B S IR -2
TR S5 1 SO0 ) A AR BBUAT B A ) 3R, ISR £ 41
FE S OG22 )R BE (AOD) 77§ Al MODIS )
AOD 77 S —FERE AN A R e ok e ffg 7
2.3.2 AR EIRE 4T SLSTR

KRN ENVISAT A& T 2000 4 & 4t,2012
4E ENVISAT i 2838 , AATSR 15 1 T AR, #5478
WS 3 TR AYA BT SLSTR K J& AATSR Y4k
fE# ,IHRIF 2014 44 A &%, SLSTR 75854k
7&K AATSR A B YA E3EAT T ekt D
T 2 b K PR B WS B R L N T 1.3.2.2 pm
BB, B T = R BE 75 A 1) AR I BE i

1 400 km"*’,

AATSR 3 33 471445 2 041 1 S0 3 908 s A%
WA SE BB B2 LR, T SLSTR Ry 1 38 fin &
T AR TE A1 AR R R S IR A kS
B R0, G CEE A 1 PR 5L AR
PR IE AR (R 3 8, A&l 11 Fos

AATSR SLSTR LA}z MISR ¥ J& T £ ff1 B 1k
1A, Z 1 P ik B K0 A B AR A0 e b 7 /NN
VAR EEAR B R AV BE T 45 b 3 S IR
A b X BRI A0 I 22 A R i R B5CHE X b
P KAz () R R0 B i 5 % 2 5 BT <
e, B ASALRER A 6] 4 BT 2= 19 S 5
RIS R RO E R  IR RE A Tk
T H O PEREE, A T E BN A SR, &
JEARHAETE £300 mP 7

25 Lk, g 2 A0 B DU 2 1) T e By
R W2 18 B IR W AR IEZ —
2.4 {RIRM=Z{L—POLDER APS

TR B A 4 B A2 3 MR R AR A B
I FAR RS W, TR R R B b R I K
DA AEAE W 3R S 8 RN A RO G2 R AiE 9 7 T

(a) WP

(a) Observation mode

OME side
Tho lines of data scanmed by respective SLSTR Near nadir
cn
4 i
Sancll

scan mairors(] dodicated 10 the Nadie
and | for Oblique view) every revolutian,

] Pl 1
-f..-!.--"-';-— M2

1""’

Inclin

adie swath
scanncr foolpring
1400 ki swath;

(0) ¥ R4
(b) Optical system

El 11 AATSR .SLSTR (W INAEL = FIG2: R 50
Fig. 11

Observation and telescope principle of

AATSRand SLSTR

IFi) A R0 A4 XA AL T A i oz S8 % AR e B
JE X b e NIRRT LU BRI B AE s S AR RO
PR RO A B T LA TR
VoS AR Qe 2 AN T8 24 s B A B i R 2 20

POLDER H1 APS J2& 4 if & br I #7841y ] T
= 5 DN ) P il A3
2.4.1 % A EARIFNZ A POLDER

POLDER J&— 5 & "L B b Bk KRR St I
S5 LA IR AL RN F8 1] 14 7 K B 6 S A A Pl vk
] [ 5823 A 52 rhuO R SN AR B T T AL E R
A, POLDER #5c R 45 207E H A B 58 %5 W) & R
Ja) 1996 4% 51 Y = A ER UL & ADEOS |,
B 797 km , B A 3 4E9

POLDER J&— & 3T CCD 4B [ 51 PR HR ) £ |
T U e SE i3 i O R 201
PR &A%, an &l 12 fr~, POLDER #Ef% M 13
AR A AR I — A H AR, 2 & 4 1020
(HBTZ TG4 3% 7.1 km) IR % £ 86° (Hh
MR IC HER 6.0 km) , 1 %E 2 400 km, WA 13
Fi7s



455 SRS, 55 3 5 IR IO AR A R BLR S a3 689

Sun shield

=11
== Detector

Filter

diaphragme

12 POLDER fEHLES A1)
Fig. 12 Opto-mechanical design of POLDER

13 POLDER (LI =
Fig. 13 Observation pattern of POLDER

%*7 POLDER EEigE
Tab.7 Spectral properties of POLDER

Channel Wavelength/nm Band width/nm Prism Polarization
1 443 20 + yes( +60°)
2 443 20 no yes(0°)

3 443 20 - yes( —60°)
4 443 20 + no

5 490 20 no no

6 565 20 - no

7 670 20 + yes( +60°)
8 670 20 no yes(0°)

9 670 20 - yes( —60°)
10 763 10 + no

11 765 40 no no

12 910 20 - no

13 865 40 + yes( +60°)
14 865 40 no yes(0°)
15 865 40 - yes( —60°)

POLDER 3 3§ 56 7 fe Ul SE 8 15 4~ 3d i
FYHERI , oA 7E 443 670,865 nm 4 f 4R @ 18 , 1N
T PR AT IR At i LY b B 5
PG L PEHE 1670 870 nm 415 3 18 & F BE T
INEIY 8612 BE B4R A, 443 nm i 4% 38 3 %
HN38 ik F, anl&l 14 Frs

POLDER J2& i X% = 5 i 8 23 Bt g
PRI 0 B 3RS, 2 H AT Ik —— B 7R
BTN = 5RE B RIRENAL, A T 5%
TR 2 iR A B 4G, Ak POLDER i $  #2:
B B (O A1 0 AN 52 B R 2% ), HLASBE 5K
IR A1 AR5 17 ) 25 0 i, iy LA ST 4 0k [ AR 2

LN

# % POLDER i#

CCD detector

Prism
WW////A Neutral glass

’ Spectral filter

-8 .
S RN u| Polarizer

Lens

[l 14 POLDER J:— i §i5 18 38 F 38 6 - #8

Fig. 14  Wheel elements included in one channel
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100 nm . SWIR lens

A—
SWIR analyser
wheel

SWIR filter wheel

Visible lens

Visible analyser [
wheel Visible
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Step by
step motors

15 OSIRIS [y R Ge i J=)
Fig. 15 Camera system and optical design of OSIRIS
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W43 A0 86 Fr /iR 5 70 R SE B | i
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=
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() RGedi

(a) System layout

3D LAYOUT

MAUVE LENS, 24mm EFL F4
MON AUG | 2005

(b) eF R4
(b) Optical system

16 MAUVE/SWIPE ) R Ge 4 J&) Bt 458
Fig. 16 Camera system and optical design of MAUVE/
SWIPE

2.4.2  HIEBARRM FL APS

H 1972 4ELIE , NASA Ho BRI (EOS)
XA A P 2 AT T R A T 2
B 5B PRI X, APS J2& H o8 i B 4
= 5w R A, Wl 17 frs, APS & —
BEHN = 5 BRHEMAL, & EH Glory HiER
NI 2R 5 PR AR BATZ —, BB & N
705 km, 7E 3 FF R AR A FE B AL e A
FaE ROV 2 R S e s

APS REFE 0. 4 ~2. 4 pum K PH 5% BE PRI
9 AN IR BH S 3 1 i B 36 > Sy 4 I e 3 G
(A 9 ANTUA) XS AT I 4R D &, 414 45
PR S TR s B R D, 5L [F— B s
2 I, 2T FRIBERIL R %
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Earth observing

Imaging Cloud Photopolarimeter . lari Research scanning  Aerosol polarimetry
photopolarimeter photopolarimeter radiometer scannmgl polarimeter polarimeter sensor
L L [ 1 [ .
| | | ) | | v
1972/1973 1978 1989 1991 1999 2008

17 APS R JEIIH2
Fig. 17 Timeline of legacy polarimeters leading up to the 2008 launch of APS
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6 Optical paths

Electronics [ sean s
module

28 VIO operational 1 pawer 1553 Lo

Puower & telemetsy

K18 APS B AR ALAL
Fig. 18 Instrument structure of APS

APS SR SR R G, 4y /B R A
B IPIEIE S B, Wollaston 155 52 B 4 20

Optics & Dichroics
Module(ODM)

Secan Motor Assembly
(SMA)
Ielescur)es

ig

-—
AN 3 paths per optical I_mil:. 1 for each
4 parallel VNIR 973 \A'H\'Illulgtllii. Each |1EI!|| has a
Ip'“—d - detector pair, 1 for each of 2
elescopes polarizations, 07 & 907, or 45" &
1357

2 windows & 2
mirrors rotating SMA

K19 APS B2 RGE
Fig. 19  Optical configurations of APS

VP A 5 S B LA 4 ) [ 3 R S BT
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18 /NI 1 A% S 6 36 RN 28 OGaE R g
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*8 APS TEHR AR
Tab.8 Instrument properties of APS

Ttem Parameter
Orbit altitude/km 705
410 .443 555 672 .865 910,
Wavelength/nm
1378.1 610.2 250
Detector Si( VNIR) ,HgCdTe( SWIR)

0. 3% (above ocean
Measurement accuracy
under clean sky)

0.2% (P <0.2)
<0.1% /year

FOv +50°

[FOV 8 +0.4 mrad

Polarization accuracy

Polarization stability

APS FRF AU T 9 N B R B R iR
e, 2 g I £ B2 (DOLP) A2 28 0. 2% ,{H
I, APS S AR UG A i , AL AE 52 BLUT BLR OC 9 4
il X —E P LR BE A L

P A5 AN RE Ak Rl b =8 e S T I M
S ARV ' = ek I 7 T[] BSF A R0 £ X
RO, A6 b s A I o i U £ B AR
S B RIS M T L B R T b — R (5 R E
A B 25 RN 2 R AR 22, A8 U IR ) 4
HAHRZM MR, 7 208 A, R
R FEE X =8 i I S 186 2 SR R 2 4 v 4 0 £ 0
FEART 29 I, 5 300 i 31 249 2R 19 S 3 245 51 54X
JHV 3R 2 £ SR ) ) S i 2 SR AR — L

JIT A, B A i 31 00 D) e g 1 AR
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Fig.20  Aerosol detecting system with combination of POLDER and APS

Br—MR o 5URBOEF BRI & —f
55 W  DORESR R FE PRI MT 7 S5EiE BORE
BEHNAT FIROCLECE W2 A 26 ik
Il & 4% ( MMPI, Multi-angle Multi-spectral Polari-
metric Imager) , 53T 5 28 A N 57 BLA LAY 2%

(H AR SBORNH AR T %, XA BT 10 75 SR 217
BEFT LRI R

MMPI (AR FERR I 1 s, RGN 5
Bz 02 mE 21 K 22 s,

&
(&)
Atmospheric O Field | __|Polarization KON
radiation lens modulator

aberration[— " gJit

VNIR

VNIR VNIR

—spectrometer] Polarization

correction
C

}

Focal plane[*~—

Calibration
model
SWIR SWIR o Focal
slit [ [spectrometer| | Polarization—{jane
S
Platform <:>
Data Thermal Data Signal
|transmission‘ ‘ system l l“‘erfa‘:e‘ proces.sor| ‘ procbessor|’7
| T
4@ | Detector driver

Kl 21
Fig. 21

MMPI B9{5 B % 1 e &R

Information flow and interfaces of MMPI



694 DA

8%

WNIR
| spectrometer

SWIT
spectrometer

SWIR v
entrance slit ™=

SWIR
aberration
correction

— . v correction
& N Do T
/ Depolarization beam splitter
Polarization modulator
Collimating lens

Field lens

K22 MMPI IR GEALL
Fig.22  Configuration of MMPI

B— = 5 RO 18 BRI A AT
— DR TR, AW ZRBEAG B, R
TR AT R D IR 2 B b e AR, 5 BETR A AT R i
i e D002 A B8 ) 2%l DR 3R, B % 5 BEAG B B BT
LB MR, [T B —Se 50 22 56 (A5 AT
U7 R B R A OLHLITC &I T AR E
RIS AR SE R T BORIEARIA R BB UE A A
5 BB, IETEEA T TREFENLRY TR BT BE

4 % RiE

] B R0 UL 5 T M
NN P R

a8

25RO R A B AR Lo
T3z 0 R, 2 Hb R0 RN 32 Bl A ]
R, BN = 5B RN AR F Bz —, H
P IR 2 SR A T T A 9 TAE

EE N, TR BOCHLITS 9 DPC AHAL
J&F POLDER [FIZEHL {25, TG T 5 BEAEAL
IFUEAT T A A bR TAE 7 PR B KB EHL
JIRTEEZ 863 THAI S+ T, JF e T 3% [ &y 39 < pe
PR #2215 = 5 BRI CAPI( Cloud
and Aerosol Polarimetric Imager) RO A, CAPI
FEAMELT CAIFI POLDER 445 AR HR 55, 57 2
R AR S T 1 E 380,670,870, 1
375.1 640 nm 3 5 4~ 50 3% i@ &, H 670,
1 640 nmJF BLE B 0°.60° , 120° =~ 7 [] H4 fhi 1=
S M AR AR T B E

FEE AN, LS A AR 00 7 O B R A R I
PRIl — B 805 F N, Hop — s 5RO
SRR AR T T AR R B E 2 A, H R T A
FARF BB IA KA R T

i 25 45 4TS X S I 5 T R JE 1 30 i
T, MR TR E Rl R TR R B A S I 25
BRI Ty R EA T B O IR A ISR R, 46
TR AR VR IR 2 3 AR I &35 5 i LS it /K -
fRI2E0E

(1] B 2, 247, K4 F RURBRS 50N )] K AA 5 ,2008,32(4) :826-840.
SHI G Y,WANG B,ZHANG H,et al.. The radiative and climatic effects of atmospheric aerosols[ J]. Chinese J. Atmos-

pheric Sciences ,2008 ,32(4) :826-840. (in Chinese)

(2] GEFAE, MRk, A, RO UUR BRI AR ES O N ST dE R (1], K AAH5,2013,37(2) :477-498.
FAN X H,CHEN H B,XIA X A. Progress in observation studies of atmospheric aerosol radiative properties in China[ J].
Chinese J. Atmospheric Sciences ,2013,37(2) :477-498. (in Chinese)

[3] SCHWARTZ S E,COAUTHORS, CHARLSON R J,et al.. Connections between aerosol properties and forcing of climate

[J]. Aerosol Forcing of Climate 1995 :251-280.

(4] FORSTER P,RAMASWAMY V,ARTAXO P,et al.. Changes in atmospheric constituents and in radiative forcing[ C]//

(5]

(6]

Climate Change 2007 ; The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change[ Solomon S. et al. (eds. ) ]. Cambridge, United Kingdom and New York,NY,
USA : Cambridge University Press.

HOLBEN B N,ECK T F,SLUTSKER 1,et al.. Aeronet-a federal instrument network and data archive for aerosol charac-
terization[ J]. Remote Sensing Environment 1998 ,66(1) :1-16.

MURAYAMA T,SUGIMOTO N,UNO I, et al.. Ground-based network observation of asian dust events of April 1998 in



%55 SRS, 55 3 5 IR IO AR A R BLR S a3 695

(7]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

(24]

[25]

[26]

[27]

(28]

East Asia[ J]. J. Geophys. Res. ,2001,106(16) :18346-18359.
MATTHAIS V,FREUDENTHALER V,AMODEO A et al.. Aerosol lidarintercomparision in the framework of the EARLI-
NET project ;1. Instruments[ J]. Appl. Opt. ,2004,43(4) :961-976.
STEPHENS G L,VANE D G. Cloud remote sensing from space in the era of the A-Train[ J]. SPIE,2007,1:013507.
BN R REL EE L PERAERITREGR )], A% 53k ,2002,60(5) :625-634.
MAO J T,ZHANG J H,WANG M H. Summary comment on research of atmospheric aerosol in China[ J]. Acta Meteoro-
logical Sinica ,2002,60(5) :625-634. (iin Chinese)
R R E AR I S ARV FIWFFE[ ] sesAt 5 3t & ,2007,22(1) :12-16.
ZHANG X Y. Aerosol over China and their climate effect[ J|. Advances in Earth Science ,2007,22(1) :12-16. (in Chi-
nese )
DINER D J, CHIPMAN R A,BEAUDRY N, et al.. An integrated multiangle, multispectral, and polarimetric imaging
concept for aerosol remote sensing from space[ J]. SPIE,2005,5659 :88-96.
TORRES O,BHARTIA P K,HERMAN ] R,et al.. A long-term record of aerosol optical depth from TOMS observations
and comparison to AKERONET measurements[ J]. J. Atmos. Sci. ,2002,59:398-413.
TORRES O, DECAE R, VEEFKIND P, et al.. OMI aerosol retrieval algorithm[ G]. OMI Algorithm Theoretical Basis
Document; Clouds, Aerosols,and Surface UV Irradiance ,2002,3:46 71.
RAO C R N,STOWE L L,MCCLAIN E P. Remote sensing of aerosols over the oceans using AVHRR data:theory, prac-
tice, and applications[ J]. Int. J. Remote Sens. ,1989,10.743-749.
DURKEE P A ,PFEIL F,FROST E,et al.. Global analysis of aerosol particle characteristics[ J]. Atmos. Enwviron. ,1991,
25A.2457-2471.
BARNES W L,XIONG X,GUENTHER B, et al.. Development, characterization, and performance of the EOS MODIS
sensors[ J|. SPIE,2003,5151:337-345.
SANO I,MUKATI S,MUKAI M et al.. Estimation algorithm for aerosol properties from CAI on GOSAT[J]. SPIE,2009,
7475 .74751E.
P REZ ALBI ANA A, GELSTHORPE R,LEFEBVRE A. The Engineering Model for the Multi Spectral Imager of the
EarthCARE spacecraft[ J]. SPIE,2012,8511:85110.
MARTONCHIK J V,DINER D J,CREAN K A, et al.. Regional aerosol retrieval results from MISR[ J]. IEEE Trans.
Geosci. Remote Sens. ,2002,40.1520 1531.
FRERICK J, NIEKE J, MAVROCORDATOS C, et al.. Next generation along Track Scanning Radiometer SLSTR[ J].
SPIE ,2012,8516 :851605.
DEUZ J L., GOLOUB P,HERMAN M A et al.. Estimate of the aerosol properties over the ocean with POLDER[J]. J.
Geophys. Res. ,2000,105 :15329-15346.
MISHCHENKO M I, CAIRNS B,KOPP G,et al.. Accurate monitoring of terrestrial aerosols and total solar irradiance : in-
troducing the Glory mission[ J]. Bull. Am. Meteorol. Soc. ,2007,88:677 691.
KING M D,KAUFMAN Y J,TANR D,et al. . Remote sensing of tropospheric aerosols from space ;: past, present, and fu-
ture[ J]. Bulletin of American Meteorological Society ,1999,80(11) :2229-2259.
STOWE L L,CAREY R M,PELLEGRINO P P. Monitoring the Mt. Pinatubo aerosol layer with NOAA/11 AVHRRdata
[J]. Geophys. Res. Lett. ,1992,19:159-162.
ZONG J,DAVIES R,MULLER J P,et al.. Photogrammetric retrieval of cloud advection and top height from the Multi-an-
¢gle Imaging SpectroRadiometer( MISR) [ J]. Photogramm. Eng. and Remote Sens. ,2002,68 :821.
HARING R E,WILLIAMS F L,HARTMANN U G, et al.. Spectral band calibration of the Total Ozone Mapping Spec-
trometer( TOMS) using a tunable laser technique[ J]. SPIE,2004 ,4135.:421-431.
PARK H,KRUEGER A,HILSENRATH, et al.. Radiometric calibration of second generation Total Ozone Mapping Spec-
trometer(TOMS) [ J]. SPIE,1996,2820.162-173.
HERMAN J R,CELARIER E. Earths surface reflectivity climatology at 340-380 nm from TOMS data[ J]. J. Geophys.



696

D 48 %

[29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Res. ,1997,20.28003-28012.

PLATE M B J, DRAAISMA F,VRIES J,et al.. Ozone monitoring instrument ; system description and test results [ J].
SPIE ,2001,4540 :122-134.

DOBBER M R,DIRKSEN R J,LEVELT P F,et al.. Ozone monitoring instrument calibration[ J|. [EEE Trans. Geosci.
Remote Sens. ,2006,44(5) :1209-1238.

SUTO H,KAWASHIMA T, YOSHIDA J,et al.. The prelaunch performance test and calibration results of thermal and
near infrared sensor for observation( TANSO) on GOSAT[J]. SPIE,2008,7106:71060L.

MISHCHENKO M I,GEOGDZHAYEV I V,CAIRNS B, et al.. Aerosol retrievals over the ocean by use of channels 1 and
2 AVHRR data:sensitivity analysis and preliminary results[ J]. Appl. Opt. ,1999,38(36) :7325-7341.

MEKLER Y,KAUFMAN Y J. Possible causes of calibration degradation of the Advanced Very High Resolution Radiome-
ter visible and near-infrared channels[J]. Appl. Opt. ,1995,34(6) :1059-1062.

FRASER R S,MAHONEY R L. Satellite measurements of aerosol mass and transport[ J]. Atmos. Environ. ,1984,18;
2577-2584.

AR A IR AR RO CH R N TR BIRM[)]. A 5@ 4k ,1986,21.:1645-1649. ZHAO B L,YU X
D. A study of satellite remote sensing of atmospheric aerosol optical depth over ocean[ J]. Chinese Science Bulletin (in
Chinese) ,1986,21 :1645-1649.

XIONG X,BARNES W L,SALOMONSON V V. Status of aqua MODIS instrument operation, calibration, and perform-
ance[ J]. SPIE,2008,7106:71060U.

WALUSCHKA E,BRUEGGE C J, XIONG X. Pre-launch optical tests of MODIS and MISR[J]. SPIE,2008,7081 .
708108.

BARNES W L,PAGANO T S,SALOMONSON V V. Prelaunch characteristics of the Moderate Resolution Imaging Spec-
troradiometer( MODIS) on EOS-AM1[J]. IEEE,1998,36(4) :1088-1100.

YOSHIDA J,KAWASHIMA T,ISHIDA J,et al.. Prelaunch performance test results of TANSO-FTS and CAI on GOSAT
[J]. SPIE,2008,7082.708214.

FUKUDA S, NAKAJIMA T, HIDEAKI T. Algorithm development for remote sensing of aerosol form MSI[]J]. SPIE,
2012,8523.85231G.

ABELARDO P A,ROBERT G,ALAIN L,et al.. The engineering model for the multi spectral imager of the EarthCARE
spacecraft[ J]. SPIE,2010,7808 ;780815.

KUZE A,URABE T,SUTO H,et al.. The instrumentation and the BBM test results of Thermal And Near infrared Sensor
for carbon Observation( TANSO) on GOSAT[J]. SPIE,2006,6297 :62970K.

B8, H4, F At F. FHNE 2C # ik TR OGRS s R BOLERE )], A w R FFR(ALRPE
Ji2) ,2011,47(4) :636-646.

REN T,GAO L,LI CH C,et al.. Retrieval of aerosol opticaldepth from Fengyun-2C geostationary satellite observation
theory andimplementation[ J ]. Acta Scientiarum Naturalium Universitatis Pekinensis ,2011,47(4) :636-646. (in Chinese)
@ AR, F R, R R TR MTSAT SO ORI RO AR B [ 1], A% 5°4R,2012,70(3) :598-608.
GAO L,REN T,LI CH C,et al.. A retrieval of the aerosol optical depth from MTSAT[ J]. Acta Meteorologica Sinica,
2012,70(3) :598-608. (in Chinese)

PERALTA R J,NARDELL C,CAIRNS B, et al.. Aerosol polarimetry sensor for the glory mission[ J]. SPIE,2007,6786 :
67865L.

KAUFMAN Y J,TANRE D,REMER L A, et al. . Operational remote sensing of tropospheric aerosol over land from EOS
moderate resolution imaging spectroradiomteter[ J]. J. Geophysical Research-Atmospheres,1997,102(D14) :17051.
TSEKERI A,GROSS B,MOSHARY F,et al.. Aerosol property retrieval combining passive multiangle multispectral inten-
sity and polarization measurements[ J]. SPIE,2009,7461.74610W.

oAb, & &, M i 5k IR TE ORI 0 IR AR SR ERITTE )] a8 5 5 83 947 ,2013,33(3) :600-607.

CHEN W,YAN L,YANG SH Q. Multi-Angular polarized characteristics of ocean aerosol[ J]. Spectroscopy and Spectral



%550 SRS, 55 3 5 IR IO AR A R BLR S a3 697

[49]

[50]

[51]

[52]

[53]
[54]

[55]
[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Analysis ,2013,33(3) :600-607. (in Chinese)

JOVANOVIC V M. Global earth mapping with NASA s Multi-angle Imaging Spectro Radiometer (MISR) [J]. SPIE,
2003,4885:22-33.

KALASHNIKOVAA O V,GARAYB M J,SOKOLIKC I N, et al.. Capabilities and limitations of MISR aerosol products in
dust-laden regions[ J]. SPIE,2011,8177:817700.

DUVEL J P,VIOLLIER M,RABERANTO P,et al.. The ScaRaB-Results Earth Radiation Budget Datasetand first results
[J]. Bull. Amer. Meteor. Soc. ,2001,82:1397-1408.

NIEKEA J,GORYLB P,DONLON C,et al. . GMES Sentinel-3 ; mission overview and aspects of the calval plan for its op-
tical payload[J]. SPIE,2010,7862:786203.

ZONG J,SMYTH M M,JOVANOVIC V M. MISR band-to-band registration[ J ]. SPIE,1996,2818 .138-146.
LYAPUSTINA A, WANGA Y,KAHNB R, et al.. Analysis of calibration differences between MODIS and MISR[ ] ].
SPIE ,2006,6298 :62980X.

DAVIES R. Multiangle remote sensing and the retrieval of large cloud optical depths[J]. SPIE,2006,6408 :64080H.
MORONEY C,DAVIES R,MULLER J P. Operational retrieval of cloud-top heights using MISR data[ J]. IEEE,2002,
40.1541-1546.

MULLER J P, MANDANAYAKE A, MORONEY C,et al.. MISR stereoscopic image matchers: techniques and results
[J]. IEEE,2002,40:1547-1559.

Aoy I Ay B A SRR FERR P R BEIE L [ 1] 29k 5 5k 142 ,2007,36(6) :862-865.
ZHAO Y M,JIANG Y S,LU X M. Theory analysis of polarization characteristic of the light scattered by the aerosol[ J].
Infrared and Laser Engineering ,2007,36(6) :862-865. (in Chinese)

BRAE, & A4~ FI 24 B POLDER e HEL S IR b b 2 A0 I8 015 T8 R 1l 3% i IR 3R (1 [ I 52 35 1.
S SR T]. R&AHE,2007,31(5) :757-765.

DUAN M Z,LU D R. Simultaneously retrieving aerosol optical depth and surface albedo over land from POLDER’s multi-
angle polarized measurements I;theory and simulations[ J]. Chinese J. Atmospheric Sciences ,2007,31 (5) :757-765. (in
Chinese)

BRAE, & a4~ R Z 1 B POLDER fidi GRHE BRGb 12 RARIREG J5E B 11 b 3 i IR 4 ) [+ If 52 38 1.
SHHTLI]. K AAHF,2008,32 (1) :27-35.

DUAN M Z,LU D R. Simultaneously retrieving aerosol optical depth and surface albedo over land from POLDER’s multi-
angle polarized measurements I1;a case study[ J]. Chinese J. Atmospheric Sciences,2008,32 (1) :27-35. (in Chinese)
DUAN M Z,MIN Q L,LU D R. A polarized radiative transfer model based on successive order of scattering[ J]. Adv. At-
mos. Sci. ,2010,27(4) :891-900.

ANDR Y,LAHERR RE J-M,BRET-DIBAT T,et al. . Instrumental concept and performances of the POLDER instrument
[J]. SPIE,1995,2572.79-90.

BRET D T,ANDR Y,LAHERR RE J M, et al. . Pre-flight calibration ofthe POLDER instrument[ J]. SPIE,1995,2553 .
218-231.

AT A, e A2 R . 20 IR EHTPL DPC 7EBmAREhR [ J]. 4022 34R,2011,60(7) :070702.

GU X F,CHENG X F,CHENG T H,et al.. On-hoard polarization calibration of DPC[ J]. Acta Phys. Sin. ,2011,60
(7) :070702. (in Chinese)

AURIOL F,LEON J F,BALOIS J Y, et al.. Multidirectional visible and shortwave infrared polarimeter for atmospheric
aerosol and cloud observation; OSIRIS ( Observing System Including PolaRisation in the Solar Infrared Spectrum) [J].
SPIE ,2008,7149 .7149D.

FROUINA R, DESCHAMPSB P Y, ROTHSCHILDC R, et al.. MAUVE/SWIPE: an imaging instrument concept with
multi-angular, -spectral, and -polarized capability for remote sensing of aerosols, ocean color, clouds, and vegetation
from space[ J]. SPIE,2007,6682.66820V.

PERSH S,SHAHAM Y J,BENAMI O, et al.. Ground performance measurements of the glory aerosol polarimetry sensor



698 T EDL %8 %

[J]. SPIE,2010,7807:780703.

[68] MISHCHENKO M I,TRAVIS L D. Satellite retrieval of aerosol properties over the ocean using polarization as well as in-
tensity of reflected sunlight[ J]. J. Geophys Res. ,1997,102:16989- 17013.

[69] TYOJS,GOLDSTEIN D L,CHENAULT D B. Review of passive imaging polarimetry for remote sensing applications[ J].
Appl. Opt. ,2006,45 .5453-5469.

[70] MAHLER A B,SMITH P K,CHIPMAN R A. Low polarization optical system design[J]. SPIE,2007,6682:66820V.

[71] W3R, EH 248, KA BRI S RGBT T]. P B A5 ,2011,4(6) :633-638.
XIAO SH R,WANG K,LIU J. Detection of atmospheric aerosol concentration and detection system design[ J]. Chinese
Optics ,2011,4(6) :633-638. (in Chinese)

[72] ad, T, £5,F. TR MIRFE ST T]. b5 4% T42,2012,20(3) :520-526.
CHU J K,WANG W,CUI Y, et al. . Measurement for influence of aerosols on polarized sky radiance[ J]. Opt. Precision
Eng. ,2012,20(3) :520-526. (in Chinese)

(73] F#E 847 HF.0,F. PEIB A X SIFROCERFEM [T]. k% 5% £42,2012,20(6) : 1166-
1174.
ZHANG ] Q,WANG X Y,ZHANG X J,et al.. Atmospheric aerosol optical characteristics measured at several typical
zones in China[ J]. Opt. Precision Eng. ,2012,20(6) :1166-1174. (in Chinese)

[74] GU X F,QIAO Y L, WANG J N, et al.. High resolution Directional Polarimetric Camera( DPC) used in the remote sens-
ing of aerosol preperties J|. Acta Phys. Sin. ,2010,60(7) :070702.

[75] KE®, LK &, KHF,F. OCHEMN AN EO0 T &G AR 052w KAk (1], 6 F F3R,2014,34 (1) :
0131001.
ZHANG J Q,WANG X Y,ZHANG X J,et al. . Effects and corrections of incidence light cone on transmission characteris-
tics of narrowband filter[ J]. Acta Optica Sinica ,2014,34(1) :0131001.

[76] LIANG S,STRAHLER A H,BARNSLEY M J,et al.. Multiangle remote sensing:;past, present and future[ J]. Remote
Sensing Reviews ,2000,18 :83-102.

[77] DINER D J,DAVIES R,KAHN R,et al.. Current and future advances in optical multiangle remote sensing of aerosols
and clouds based on Terra/MISR experience[ J]. SPIE,2006,6408 ;640801 .

EEE T

KA (1981—) , J3  TLIR 4 X% N, 1 P R (1962—) , 5, 1 A N A
o, RIWFSE 51,2004 4F 2007 4E T AR o, R AR A A S0, 1995 4F T

4 FOF RS b AR 40, 2012 4R T AE S e LRI e o R e e A

}j_ i RR A B 1 B OGS R LR S 4 B
WFTE T ARAT Il 2 7, 2 DS Ao 2 o
T8 BAL AR W OEHL R G ik
RETEAN 55 4 T M WF9Y . E-mail ; zhangjq

@ ciomp. ac. cn

BE 1 (1978—), B, H MK E A, 6
&, BB T 51,2003 45 F o R A
ARK2E3AT 2122007 ,2006 4 rf E R}
W b HOR Y BT 5 I HEAR 1 2
7, 2GR OG5 18 B AR E ML 4
¥ v 77 1 A9 AF9E . E-mail ; popxue @

hotmail. com

2003 4F TR I TR EPAFI 2410
FE N R AR L L B RO g K
FHIEAIREE 4 J7 1E AR 5T . E-mail : gao-

zl@ ciomp. ac. cn

BB (1973—) , 3B, Wbt oA, 1
=+, BF5E R A T, 1995 ETFREF
FeF NG T F BE 3R AR 25 244, 1998
T WL E RIS 2447, 2001 4T
hERR2E B K RO R B LR 5 4
WFIT kAR 07, EEMFE S DG
2RI AR ST . E-mail ; yanex

@ ciomp. ac. cn



