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Table 1.  Basic characteristics of DPC sensor.

B SH 18
WL £ AN E <12
YEEE /m 443, 490(P)ég§(51,3 )6775())1(5), 763, 765,
AR B /nm 20, 20, 20, 20, 10, 40, 40, 20
LI LQU
AT E bR R 2 < 5%
I e b 22 < 0.02

2o 7™M 1Y JL AT B IE IS 1, DPC $2t1Y
L1 447 il & H—1k Stokes 53 22 (i HT =>4
L QM U TN ERRSRE, QM Uik 7ot
AR T 32 (b 0 5 1 R K H A A )
i) M RIRRES. BT Q Ml USZSHP- A 56, X
I FE AR BORGE BE EOR B, DN S B S i v,
R A E IR IRTT (5 B R RS2 L, #EA7
g (23260, R SR

Ly = v@Q*+U? (1)
FRSE I, T3 LI P L2 S 3R AR WLl 41 S
IR e e G

TOA _
T, = nLy/ o,

Horb o RBAR A AR X

R 2 Ak B9 2% B 5 ST A% B B 8 UNL-
VRTM (unified linearized vector radiative transfer
model) 27 % DPC Z A BEfmfoUiili#4 15548l UNL-
VRTM 7£ VLIDORT (vector linearized discrete
ordinate radiative transfer model) ¥ 134l I it
114, &N linearized Mie, linearized T-matrix,
Rayleigh #) DA K JEF HITRAN (high-resolution
transmission molecular absorption database) %%
P52 line-by-line (LBL) SR BB, 2
JRCT IHIR HL 5 R AT iR, UNL-VRTM fig
i E TOA (top of atmosphere) IH—1{L# Stokes
ORd, RSN 1 Q A U GRS E AT LE
JiFF (Jacobian matrix), %58 & SFEVTF 2 05
AR AT RIS IE (29591,

3 HERF &

3.1 HhRAEA

Xof LA Qi W, A58 i SR FH ) il e S 7
Y 358 J3E R I 7 50 ) D oA i 161

1 0 0 0
0 0 0 0
R(:u07.uw¢7)\) _T(A) 0 0 0 0 +
0 0 0 0
p(C,NDVI)F (v,n), 3)

Horbr R 3 SRy S WL R THUA B A%
5% @ RAHXS ITOL AR v (N) R XU Tw) 52 5 5857 A1 pR KR
(bidirectional reflectance distribution function,

BRDF); p> Maignan 45 B4 $& H (%) 55 W80 JLAa] 40

040701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 4 (2019) 040701

KHEAB S B A R, 18— Al S5
C 113 — A4k B9 41 9% 75 %% (normalized difference
vegetation index, NDVI) Z4i; F A9 B0 4,
AT WD JLA]  F0 S A7 S HEEL n. W H B HT,
SPATCCR b FBUm) i S 5 pRAR (bidirectional
polarized reflectance distribution function, BPDF)
A LU B A

rp = pFi2, (4)

2, M RIBARARSER r (A), R H] Litvinov
25 L 7 I G A% BK 5 BRDF AL

7 (Ho, v, &, A) = fiso (A)

[1 + K1 foeom (10, vy @) + K2 fool (10, v, )] (5)
Horp =R for foom M fror 73 RER S 17D )
PERCR . U GO FATUR, &y A by 2S5
WA TCOC I B, TR T 2 SO 38 0 45 ) Sk

3.2 SiAkEE
SR BRI AL (B U Xot 5L 285 A PR
S Bu SR T

dV =2 Vi (Inr — Inri)
dinr Zizl \/ﬁlnaé xp [ 2In2gt » (6)

g
Horp i ORI, i = 1 A0 = 2 435I 4
ASTHBLZES; vy T og 733 9 R RS T LA R (4%
(FALL N pm) FOBRIEZE. 7 FIRT AR B2
B—3, RAARCER rg BT 22 v KAV
(6) AR ry Mo MENRIA. 3 IFHEC AR N

Lo
Teff = T'v €XP —iln Og |, 7)

vetr = exp (In’o,) — 1.

KT ERGAR, FICh L B £ e KR
JE AR RS, AFN b, S0 I B R R R
R Vo=Vi'+ Ve, ERSAHAR L FMF =V, V.
SRR B 5K IO Y3 a, T LA E
it MIE 8T EAR 2 OGS AOD 2488, &
YT 5 BSOS ) S SRS RN R v ) 2 S
B, BB E I e EC S K I, 435 H
myf, mf T omye, me Fonal RIS SR IR EZ P it
TR SN i .

3.3 mMAAMEITRE
T X DPC s BE AT R Guik iy g &3

i, BIABAAAT T EIS Th B PSP R bR: F
J# (degree of freedom for signal, DFS) FlJ5 % i
7 (posteriori error). HH DFS J& Xl & o4 &
B H AR5 S A, DFS 8y, Wl & e H
PrfE BUBFESY, 0, MRS EW DFS KT 0.5
IF, AT RIACH IZ SRR 08 38 ik N 5 Ji 75 3] B 3
DFS W3R 7 W R Se (8K fe ), 25 T il
AT S AE SR X T3 AL fig ) S i) A PR
JE SRR ZE RO FE ROER 22, iR T ROE SR
AENE. XA E bR R E AT TR AL AR
VI SOOI R D A ) TR, T T4 H O E ORI
BRI,
TN FR g8 AT LA 21 5 i o) A5 A5 3
Trfiiid:
y=F(x,b)+e, (8)
b g SOOI [ £, FR TR AR SRR A ORI ) ik RN
TP S A B o SAIRA 1) i, F R S T Ay b
MAF RSB RG b hARRAE I, AR SO Y
MRS A S EAT AL F Ol RS AL &
Z A1 B DG 28 AT T ASE AR B ACA  ad
€LY IR 2. (AR 25 A o T 3R 0 A,
T OUm SRR, W) S 4 R ] i @ T LARSIR
=x,+ (K'ST'K+87) ' K"S™ (y - Kz,),
(9)
Horbr @ 2 RO SESHE L E s, Wk
HIGEAGTE; @, F1 S, 35 RS A i @ B Se Al
TR 2Z W 7 22500 ; St A 7 Il 15 2 FI i [7]
BARIR 2210 N IR 22 P 7 2000 K PR AE AT 1L
LR BSOS R A 3R T I T AR RO AR 2 ) R )
B, L% K, 2R iR
SEMNWS, WK, = 0F,;/0x;.
Je B AT XD IR S S B0 I T EPR A P A
B, SR 1 S A R BLSORAS BIURFE L, & SR
A= %ﬁ = (K'S.'K + ;) 'KTS7'K, (10)
A EH—AERYFERE, XAITR A, BISRES RS
ZH0 DFS, MWL R 5881 DFS 25 A Bxf
FATCER Z AN, BERE A .
TRZEI e AL 7 1 ORI 158 2 RN ) AR AU 1R 2% fR
VORZEA BN, W22 D )5 226 1 S T AR K
S. =8, + K,Sp Ky, (11)

Horpr 8, ik 7GR 0 iR 2, B T4

040701-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 68, No. 4 (2019)

040701

JEAR AR LR bR IR 22 R I B D s A e — I
IR T e hiR2E (ORISR BIR 22 ) Leid i
1) 55 S e i 0 i A 1 B BB ) 12 2%, L
Sy A ARIRAS [ IR 2E T 2R, A TS
BT HAHEE, Ky, B ER S
SR (HET LSRR . e, SR iR 2E T 2R S
ATLAFRAR N
S=(S;'+K"S7'K) .
B A — U A B ST, R A A 2 ]
SEAARICH BT S, S, RS, R FAERE, A
1Ml S % £ TT R AT 5 AR RIS S50 I it 2.

(12)

4 ZRAERIRTE
4.1 MM JLAep

4 1 WIETF DPC A BB SR A P4
YR LI LA, 45— IR 2 12 AL £
LA X I ORI R TR A (6, ) FIAHXS I B ()
AL B AR BRR 7R, 6 = 0PHRMI S D FRIRAF
S350 DAL VR R K B K T (6 ).

o Geometry 1
o Geometry 2
Geometry 3
Geometry 4

¢ = 270°

B 1 WF5CR M DPC £ 8 W JLA
Fig. 1. Multi-angle observation geometries adopted in the
simulation, information content analysis and a posteriori
error analysis. The solid circle, diamond, square and
triangle with ¢ = 0° represent the corresponding position
of the Sun for Geometryl-4, respectively.
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Fig. 2. Tllustrationsof observation scenarios with different number of viewing angles.
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Fig. 3. Distribution of the range of scattering angle corresponding to the geometries in Fig. 1.
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Fig. 6. The total DFS of aerosol((a)—(d)) and surface((e)— (h)) parameters as functions of number of viewing angles in terms of
surface type(vegetation and bare soil) and aerosol type (fine-dominated and coarse-dominated) with AODj5( ,,, = 0.5. Quantities in
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Fig. 7. The DFS of aerosol and surface parameters under condition of 12 viewing angles (AODssg ,, = 0.5): (a) Aerosol; (b) surface.

Each histogram and error bar are the mean value and standard deviation of different geometries.
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Fig. 8. The posteriori error of retrieved aerosol parameters (a) and surface parameters (b). The histogram and error bars are the

mean and standard deviation of different geometries (Geometry 1-4). Both (a) and (b) are calculated under condition of 12 viewing

angles (AODj350 = 0.5). The gray histogram means the priori estimate error.

040701-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 4 (2019) 040701

JE 5 iR 25 T H CR A B e 25 ), [/ 8(D)
PR b F A B b R SR B iR 2% L CR AT
BT B PR B, B AR B R 22
ST 7 U e SR P A (RN v 22 K 0 I 1) g EE
FRSE SRt TR 2, KA WL N5
B IRZE AN S IR TR 2 s/ D i

H &l 8(a) FIAL Vo IR R SR 2N 13.6%,
FXTF 100% M SEmeAh TR 2 BaE R, 4k &
SRR £ SRR Vi 1R iR 247
AR 79.1% 1 34.9%, KUIARLF FEFIEAE Ve
AR ST E M 1 8(b) AT AL, fiso(N)
(1) B iR 25 AR e g iR 22 B AR R BRI I, 5 NI
TR T 41.2%, Hd 865 nm P B Y 5 KR 2%
B2 10%, X I F %0 B 26 I B R da v, Wi
LSRG BRE, kb Mk BRI 2EV B
T fiso(N), T WIS H845 1) SR SO SN

W E AR R MR AR IR U RS 5 C IR R
REN 57%, BKT 23%, A E M LR 5,
X TR R IR R S TOA I 5TikAR /).

M A A BOT G IRk £ W %0

B9 45 T I I b R 4 SR 10 iR 25 b
LI A A AR AR O, TR AR 1 4L
o], R AR 25 3 | FR PR P b 3 R e 2 7Y
) Je B 22 B E bR 22, (IR 9 AT DA
5.

1) Bifi 5 LI F R ESCER R BG I, RIBEIRS 5
Ja SR 22 BAE AL, Horp Vi )R KR 2E M 34.3%
2 8.8%, Vi BYJE Wi 22 M 78.3% [% 2 20.7%;
MR SE by A Ky 15 B0 1R 2543 5N 80% Fi 70%
R 2 30% 1 25%, B&AIK R AE AR & B W SR,
Fiso(N) A5 B854 22 B 25 RN #f1 2B 188 Jin oA

5.2.2

100 100 - 60 60
2 (a) Vi Vo (b) fiso(A1) (c) (d) fiso(A2)
=~ 80 80 L
o \
& 40 l 40
S 60 60 \ ]lH
=
'9 | 77| I_H_l
g _
S 40 40
‘g 20 20
B 90 20
R e o S SR
0751 6 8 10 12 7% 1 6 8 10 12 2 4 6 8 10 12 7% 1 6 8 10 12
Number of viewing angles
60 60 60 80
x (€ fiola) (f) fiso(Aa) (@ fisolXs) ki (h)
S~
5 60
540 40 40
[}
-
2 40
-
g
2 20 l\|\| 20 || 20
. M4 — 20
e o S R
0 0 0
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Number of viewing angles
80 - : 80 )
- 2 () c )
T 60 sof b
s o
5 IR o
8 40 40
z
12}
£ 20 20
0
2 4 6 8 10 12 2 4 6 8 10 12

i 9

Number of viewing angles

BRI S R0 5 T 2 B L DN 7 e 1 A8 A TG L

Fig. 9. The posteriori error of retrieved aerosol and surface parameters as a function of number of viewing angles (AODjs5) ym = 0.5).

The curve and the error bar are the mean value and standard deviation of different aerosol and surface type, respectively.
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Fig. 10. The posteriori error of retrieved aerosol and surface parameters as a function of measurement error (AODjs) ,,, = 0.5). The

solid line and the error bar are the mean value and standard deviation of different aerosol and surface type, respectively. The dash

line denotes the contribution from polarized observation error.
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Fig. 11. The a posteriori error of retrieved aerosol and surface parameters as a function of aerosol model error (AODjss5) ppy = 0.5).

The curve and the error bar are the mean value and standard deviation of different aerosol and surface type, respectively.
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Abstract

Data from the directional polarimetric camera (DPC) instrument onboard Chinese Gaofen-5 satellite
dedicated to aerosol monitoring have been available recently. By measuring the spectral, angular and
polarization properties of the radiance at the top of atmosphere (TOA), a DPC provides the aerosol optical
depths (AODs) as well as partial microphysical aerosol properties. In order to evaluate the capability and the
retrieval uncertainty of DPC sensor systematically, the information content and a posteriori error analysis are
applied to the synthetic data of DPC multi-angle observation in this paper, which inherits from the optimal
estimate theoretical framework. The forward simulation is conducted by the unified linearized vector radiative
transfer model (UNL-VRTM), and the Jacobians of four Stokes elements with respect to aerosol and surface
model parameters can be obtained simultaneously. Firstly, the error influences of surface parameter on the TOA
measurements are simulated. The results indicate that a 10% relative error of parameter k; in the improved
BRDF model results in about 4.65% error of the TOA reflectance, while the error of TOA polarized reflectance
caused by the same error of parameter C in BPDF model is negligibly small. Secondly, the multi-angle
dependence of total information content in DPC measurements is investigated. It is shown that the information
content increases significantly with the number of viewing angles, especially for the measurements of the first 9
angles. The DPC multi-angle observation can provide extra 5 degrees of freedom for signal (DFS) for the
retrieval of aerosol and surface parameters, in which the retrieval of aerosol parameters is more sensitive to
observation geometries than the retrieval of surface parameters in most cases. In addition, the total aerosol DFS
increases with the range extension of scattering angle under the same number of viewing angles. After that, the
DFS of each retrieved aerosol and surface parameter are given. For the aerosols, the volume concentration, real-
part refractive index and effective radius show a high DFS (greater than 0.8). For the surfaces, the mean DFS
of each parameter is greater than 0.5, which indicates the well capability of DPC in the surface retrieval.
Finally, the a posteriori error of each aerosol, surface parameter and corresponding vary with the number of
viewing angles, and the observation error and aerosol model error are discussed. The a posteriori error decrease
significantly with the number of viewing angles, and the influence of the aerosol model error on the a posteriori
error is not remarkable. In general, the observation error is the main influence factor on the uncertainty of the
inversion results.

Keywords: directional polarimetric camera, optimal estimation inversion, information content analysis, a

posteriori error
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