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Cross-calibration of FY-3C medium resolution
spectral imager in reflective bands

HE Xing-wei, FENG Xiao-hu™, HAN Qi, GUO Qiang

(National Satellite Meteorological Center s Beijing 100081, China)

% Corresponding author s E-mail : fengriaohu@cma. gov. cn

Abstract: To ensure absolute calibration of the solar band of the Medium Resolution Spectral Imager
(MERSD , a cross-calibration algorithm utilizing Sea-Viewing Wide Field-of-View Sensor (SeaWiFS)
instrument over six Pseudo-invariant Targets (PTs) is developed and used to calibrate FY-3C\MERSI
data. The technique involves three key steps: Capturing the actual Bi-directional Reflectance
Distribution Function (BRDF) characteristics using the well-calibrated SeaWiFS radiance data;
Parameterizing the Spectral Band Adjustment Factors (SBAF) between SeaWiFS and MERSI sensor;
and Cross-calibrating each screened MERSI observation based on the above two modules. The

TOA

employed BRDF model can accurately predict p'“* as observed by SeaWiFS with small biases (within
approximately 3% for most cases). Furthermore, the fitted SBAF are nearly unbiased estimations of
the simulated values. The time series of the cross-calibration result is very stable and exhibits no
obvious trend, which is consistent with the characteristic of long-term stability and regular change of

radiation signal of PTs. Hence, there is a systematic deviation from the calibration result of L.1. This
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method fully considers and solves the uncertainty due to orbit drift, i. e. , the difference between

observed geometric conditions and spectral response in cross-calibration, and can effectively monitor

and correct the radiation performance of satellites in orbit.

Key words: spectral imager; cross-calibration;

reflectance distribution function
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2.1 SeaWiFS #i&

SeaWiFS ( Sea-viewing Wide Field-of-view
Sensor) J&#5 # 7F SeaStar X H [ L iE T A I
9 58 [ 55 AR €0 18 AL S AR . SeaWIFS HEAT 8
GG EE B E LR DA 6 Aot
IE A 2 AN IT LA EE .

F 1 SeaWilFS ik il B4R

Tab.1 Spectral band specifications of SeaWiFS

Band Central wavelength/pm Bandwidth/pm SNR

1 0.412 0.02 499
2 0. 443 0.02 674
3 0.490 0.02 667
1 0.510 0.02 640
5 0.555 0.02 596
6 0.670 0.02 442
7 0.765 0. 04 455
8 0. 865 0. 04 467

T H SeaWiFS 11 XL 58 52 B 1) N 1 2 %
BRAIZE 0. 1% LSS, NASA I (0 3% 5%/ 4 F
117 &SP E bR B b b i R e B e Bk
SEAR S — RO R G A 1 2 bR TR, i &
SeaWiFS 1 K o 4 S5 £ 45 (14 268 %F 22 4r oM B /N T
3% AHRRE BE/NT 0,16 % , 5 8] B4 52 1 M 22 A
i 0. 3%, F TR A SeaWiFS F# 5T UL £
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FY-3C 2 EH AWML AN E M
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Al UL A1 A A A, BAR R AR 3% 2
fr . Al LA . MERSI fJ Bandl ~ 4 Al
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WOAT LUK SeaWiFS fF i 2 2% $d . % MERSI Y
band1-4 #4738 X EHF .,

% 2 MERSI itk BRI
Tab. 2 Spectral band specifications of MERSI

Band Central Bandwidth/  Spatial ~ Danamic

wavelength/pm pm resolution/m range
1 0.470 0.05 250 100 %
2 0. 550 0.05 250 100%
3 0. 650 0.05 250 100%
4 0. 865 0.05 250 100%
5 11. 250 2.50 250 330 K
6 1. 640 0.05 1 000 90 %
7 2.130 0.05 1 000 90%
8 0.412 0.02 1 000 80 %
9 0.443 0.02 1 000 80%
10 0. 490 0.02 1 000 80%
11 0.520 0.02 1 000 80 %
12 0.565 0.02 1 000 80%
13 0. 650 0.02 1 000 80%
14 0. 685 0.02 1 000 80 %
15 0.765 0.02 1 000 80%
16 0. 865 0.02 1 000 80%
17 0.905 0.02 1 000 90%
18 0. 940 0.02 1 000 90%
19 0. 980 0.02 1 000 90 %
20 1. 030 0.02 1 000 90 %

2.3 BAEZBR

THAAE BAR 2 45 U0 5 A vk 5 45 3t 3% S 5
R PR AN R AOR B I R R A BT 3l
HY ML X, 55 A ik ml LAz 38 H ERSFE ML AN HAn . ThAS
A8 b B R D4R G £ B AR R AR E LA LA
ZEAE RS S % b TR A R A
SCIE FH b sROUE I T % B 2 (W £ A0 A AT UL Ok i Jk
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e 2 1 6 NACAE VP H AR, sl 1 s,
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- L)
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.
Ma“.fit nia-2 Site Latitude/(°)  Longitude/(°)
e Algeria-3 30.32 7.66
it Alzeria—S 31.02 223
Libya-1 24.42 13.35
Libya-4 28.55 28539
Mauritania-1 19.40 -9.30
Mauritania-2 20.85 -8.78

L AN B i Y 28 53 A

Fig. 1 Distribution of six CEOS endorsed pseudo-invariant
targets
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Fig. 2 Flowchart of proposed calibration procedure
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Tab.3 Comparision between model predicting and SeaWiFS measurements

73]

Band Algeria-3 Algeria-5 Libya-1 Libya-4 Manritania-1 Manritania-2
1 2.014 1.907 1.952 1.197 2.501 2.730
2 2.352 2.282 2.103 1. 094 2. 815 3.136
3 2.615 2.430 2.046 1. 147 2.800 3.216
4 2.324 2.187 1. 881 1. 104 2.537 2.935
5 1. 600 1.610 1.489 1. 135 1. 967 2. 055
6 0.992 1.031 0.833 0.908 1. 445 1. 480
7 1.003 1. 021 0. 840 0.910 1. 365 1.379
8 1.176 1. 067 0. 895 0.968 1. 408 1.397

3.2 RiEICEAEER

T A b RS 09 H AR K T 7 1) S G AR A, Af
DL BT 20000 £ B2 | SeaWIiFS f4 K TH I 5t %,
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FE AR IA) A b 3 R AR I LA 5 144 F L B %
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55 F AR PE CRACIR B L LI L ART A 1% i 7 e AR
(Spectral Response Function, SRF) %5 A %
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T35 H U MERSI ML # DN AE X 1 K 152
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Fig.3  Spectral response functions of SeaWiFS and MERSI

and MODTRAN simulated TOA spectral radiance for

four different scenarios of gaseous absorption
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£ 4 MODTRAN ##lF 4 (FESHAEBEER)
Tab. 4 Parameters specification for MODTRAN 4. 0

simulations

Surface Desert
Aerosol model Desert
Solar zenith angle/ (%) 0 (15)60
Viewing zenith angle/ (%) 0(10)60
Relative azimuth angle/(°) 0(36)180
Total water vapor/(g + cm™ %) 0.0(1.0)5.0
Total ozone(ATM-cm) 0.0€0.1>0.4

X PRI AW 2= JLF R 0, IR 2E7E 5% LA
N L AT LLA R BT MERSI (1) K T0 J 8%

115 3] MERSI Fl SeaWiFS 4t 8 4> 18 i 1
KT 58 B, 3 — 20 % # y MERSI i@ i fl
SeaWiFS X )i 18 18 i SBAF ., 18 i< B/ 1 F9 43 Hr A
SCRE SBAF 1152 i) 2 5B 7 Ry W Wi <A B 5t RO
WA BE B LA RSB I F (Geometry Air Mass
Factor. M) 5 WS AR 8 (wo fil 02) —EAE N
SHAL N T SBAF A, 155,

1
SBAF, = Zak(M) X oz",

k=0

4
ar (M) = Db, X M',
i=0

4
SBAF, = a, + 2, a, (M) X wo',

k=1

2
a (M) = Db, X M,

i=0

M=—1t 4 1 )

cos 0. cos 0.’

Hrba,b BiG R

SBAF, #£///NT 700 nm B 1,2, 3 i@ 8 B #E
Ik, 322 A 5L RO 7 B B4 52 1 ; SBAF,
MK F 700 nm 1Y 4 438 & AR R 3k L, 8
2 K RN £ B A R

38 ot G R S AR U BB SBAF, B SR HK
w2 8 (SBAF, 3t 10 3 %, SBAF, 3t
13 ZHO MG 5R 2 IR B o)

(5

Horp . SBAFS A S0 X0 BUNAE , SBAF K
AT R Y T A 4

S T PR AR RS A R X B S B A R
T A SBAF FIEL 415 2 9 SBAF #E47 T L4,
W5, ATRLE . A BB S 8T S 25 R

D [SBAFS — SBAF )" = min,
i=1

#x5 AXWMNE SBAF FEMEBEIN SBAFHNER
Tab.5 Difference between parameterized and original
simulated SBAFs

Band bias RMS max min
1 0.000 4 0.216 1 0.5777 —0.9239
2 0.000 1 0.106 9 0.1751 —0.352 8
3 0.002 3 0.485 7 0.7199 —1.476 8
4 0.000 1 0.085 3 0.3231 —0.3346

3.3 TXE
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A7 0 0 DB I, S0 Bk 2 15 G K S5 UL A R 1)
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o IoE UL ) 1 R TR S R pdlves s SR N ERA-
Interim P43 A7 FE R 3 BOW I B 20 5 bR 1 23 1 1%
WO R B LAl SBAF AR (5 (4)) 31386 % T
Be 5 -, B 5 49 21 MERST 1 i 13 W8 0 21 ) K T 2
SRS .

TOA TOA

Orirrst — Pswins X SBAF (2,02 swv). (6)
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