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Calibration Accuracy Evaluation of Visible and Near-Infrared Bands
of FY-3B MERIS
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Abstract FY-3B medium resolution imaging spectrometer (MERIS) cannot achieve the absolute calibration for the
visible and near-infrared bands. To improve the MERIS absolute calibration accuracy, the six widely used north
African desert pseudo-invariant targets are adopted herein, taking the advantage of the high-quality SeaWiFS data to
construct the bidirectional reflectance distribution function(BRDF) model and then using the MODTRAN radiative
transfer model and ERA-Interim absorption gas reanalysis data to construct the spectral band adjustment factor
(SBAF). Lastly, five years of FY-3B MERIS data are used for the cross-calibration. The constructed BRDF model

in this study can accurately express the top of atmosphere (TOA) reflectance (pTUA

) over the pseudo-invariant
targets, and the prediction error is basically within 3% . The TOA reflectance of MERIS can be effectively predicted
through the parameterized SBAF which considers the observation geometry and absorbed gas content. Cross-
calibration results show that the time series are extremely stable and have no obvious trends, which are consistent
with the characters of TOA reflectance over pseudo-invariant targets. Compared with the operational calibration
results of MERIS L1, the cross-calibration results of bands 8—12 are lower and the bias is less than zero, whereas
for bands 13—16, the results are higher and the bias is greater than zero. Except for band 8, the biases of the other
eight bands are within —5%—5% . The monthly mean deviation of bands with a wavelength less than 600 nm are
larger, particularly the three blue bands (bands 8-10). The monthly mean relative deviations of bands 13-16 are
relatively stable, and they are basically within —5%-5%.
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Table 1 Spectral band specifications for MERSI and SeaWiFS

Field-of-view

Central Spatial
Bandwidth /
Instrument Band  wavelength resolution /
pum pm m
8 0.412 0.02 1000
9 0. 443 0.02 1000
10 0. 490 0.02 1000
11 0.520 0.02 1000
MERSI 12 0.565 0.02 1000
13 0. 650 0.02 1000
14 0. 685 0.02 1000
15 0.765 0.02 1000
16 0. 865 0.02 1000
1 0.412 0.02 4000
2 0.443 0.02 4000
3 0. 490 0.02 4000
_ 4 0.510 0.02 4000
SeaWikS ¢ 0.555 0.02 4000
6 0.670 0.02 4000
7 0.765 0.04 4000
8 0. 865 0. 04 4000
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Fig. 1 Distribution of six pseudo-invariant targets
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Fig. 2 Time series of TOA reflectance observed by SeaWiFS
versus BRDF modeling over Libya-4
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Table 2 RMSE of BRDF fitting for different bands over different sites

RMSE of each site /%

fand Algeria-3 Algeria-5 Libya-1 Libya-4 Mauritania-1 Mauritania-2
Band 1 2.014 1. 907 1. 952 1. 201 2.501 2.730
Band 2 2.352 2,282 2.103 1.098 2.815 3.136
Band 3 2.615 2. 430 2. 046 1.154 2. 800 3.216
Band 4 2.324 2.187 1.881 1.109 2.537 2,935
Band 5 1. 600 1.610 1. 489 1.147 1. 967 2,055
Band 6 0.992 1. 031 0.833 0.920 1. 445 1. 480
Band 7 1.003 1.021 0. 840 0.912 1. 365 1.379
Band 8 1.176 1. 067 0. 895 0.990 1. 408 1.397
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Fig. 4 SRF of SeaWiFS and MERSI, as well as simulated

TOA spectral radiance for four different scenarios

of gaseous absorption over desert

# 3 MODTRAN

B R ADL 25 1

Table 3 Simulation condition of MODTRAN

Simulation condition Content

Surface Desert

Aerosol model Desert
Solar zenith angle /(%) 0 to 60(step: 15)
Viewing zenith angle /(%) 0 to 60(step: 10)

Relative azimuth angle /(%)

0 to 180(step: 36)

Total water vapor content /(g + cm™ °) 0 to 5.0(step: 1.0)

Total ozone content /(DU)

0 to 400(step: 100)

HRAE T SCHY 23 B s nDRE LA R N M5
WA S | C — B S ML 7, AR 1

SBAF f A4, HI
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AL SR A S B A R 22 /N . AN A
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Table 4 SBAF model parameters for nine spectral channels

Parameter  Band 8 Band 9 Band 10 Band 11 Band 12 Band 13 Band 14 Band 15 Band 16
P, 1. 704638 1. 2734834 1. 084228 2.273839 2.654799 1. 286987 1. 818853 1.071687 1.076728
P, —1.0202 —0.3986542 —0.12324 —1.78536 —2.28282 —0.24861 —0.99434 —0.06433 —0.07037
P, 0.575016 0.21967103 0.069109 0. 989652 1.251265 0.127415 0.543227 0. 08658 0.057175
P, —0.14385 —0.0531473 —0.01697 —0.23772 —0.29688 —0.02819 —0.12874 —0.02126 —0.00996
P, 0.013054 0. 00468685 0.001506 0. 020599 0.025414 0.002171 0.010725 0.015286 0. 038343
P, —0. 0828 —0.5411471 —0. 21492 0. 340805 1.092247 0.015543 3.770866 —0.03278 —0.02993
P, 0. 08351 0. 7806828 0.308001 —0.53791 —1.62312 —0.0736 —5. 38317 0. 009528 0. 005455
Py —0.04019 —0.4158658 —0.16288 0. 303555 0. 877055 0. 055358 2. 83456 0.00017 —0.0086
P, 0.005171  0.0960645  0.037296 —0.07609 —0.20681 —0.01846 —0. 64397 0.004814 0. 006614
P, —4.8X10° —0.0081476 —0.00314 0. 006858 0.017685 0.00187 0.053729 —0.00176 —0.00123
Py, —0.00024 0. 000677
P —0.00022 —0. 00052
Py, 0.000114  9.82X10°
J T PEAl SBAF A5 B () A R L AR SO S 80k F 5 AT SBAF FIKLE B SBAF 1k %
AN B SBAF 5 MODTRAN A48 3 15 21 1 Table 5 Bias between parameterized and simulated SBAFs
SBAF #f7 T Ibi . b s B L 5. nfLIFEL L E Band Bias mean RMSE /% Bias max Bias min
8~12 W BLFZE 15,50 16 P B i B 1158 45 A Band 8  0.0109  1.0427  2.5898  —3.1593
ST RIS RE W2 L 0,58 13,55 14 % Band 9 0. 0004 0.2032 0.5175  —0.5880
B8k T 0,02 A4, X FEEH KR Band 10 0.0001  0.1185  0.2919  —0.3660
FH SeaWIFS U556 I BE X MERSI i948 13,48 14 Band 11 0. 0053 0.7315 2.3717  —2.0748
W By AT 1738 XEFR, 113X =4 I B G 1E 1 DG i 1k Band 12 0.0063 0.8013 2.8750  —2.5399
TR L ANNTE T A U B ALK R A Band 13 0.0206  1.4304  4.6135 —4.7072
RMSE ¥ /N T 1. 5% . SBAF 4 %1 1 L A4 &% 7 il Band 14 0.0194  1.3905  5.6749  —5.3018
MERSI f % T 2 5 2% . Band 15 0.0076  0.8846  8.7129  —2.3706
ST M #1905 75 45 H 47 BRDF 7 T 2§t 2% 4 Band 16 0.0011  0.3377  2.4990  —0.9414

RIFN SBAF A LAiH55 MERSI i K T R 5%, &%k
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L, S5 2 75 S R S i 000 ke 1 52 i) 5 22 5 132 B
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2

(3K 7R 9 SBAF 52 AU 14153 2] MERSI It A
R0 3] F O T B R4 1 B e AL B

prirst = BRDF(2) X SBAF(2.C,,.C,.).
3.3 MERSI L1 ®W RS ZEMitE

TE2011 41 H 1 HE 2015412 H 31 B
6], FY-3B MERSI &EFr &l T BB, 2013 4 3

H 6 HZ AT E R A

4

1828001-6



% {5

ron (ko 4k, + DN « d*
Omea = 100 « cos 4, ’ S
A, ptT,,(‘)‘\ & DN (Digital Number) {H £ & 5 11 &
F 38 2 K BH R T A 1T 1E J5 459 2 A RS 3 55k Lk
HENRFREd I HHAE R, SR RBLE 6.
#* 6 FY-3B MERSI & #7 & 51
Table 6 FY-3B MERSI calibration coefficient

Band ko k
Band 8 —1.7816 0. 02002
Band 9 —2.5908 0. 02008
Band 10 —2.7469 0.0202
Band 11 —1.9051 0. 02005
Band 12 —3. 2241 0.02015
Band 13 —2.0301 0.0203
Band 14 —2.4053 0.02021
Band 15 —2.0037 0.02024
Band 16 —2.4507 0.02042

2013 4F 3 H 6 H UG ERR AR N
TOA __ R-d’

Omea 700 « cos 0.° 6

AR N SHRIN T, 7] ) MERSIT 504 b B 423

151 @

EERERERRE

9 10 11 12 13 14 15 16
Band No.

Average bias /%
(=]

151 ©

lﬁ{}{}}}i

8 9 10 11 12 13 14 15 16
Band No.

Average bias /%
[=]

15 (e)

_;8}}{}i}i

-20

f ot

Average bias /%
[=]

8 9 10 11 12 13 14 15 16
Band No.

ECE I
4 PEAL 4R

4.1 HBEWIE

P MERST Mk 55 fb 5 bR 45 SR AE 8 2 % (8, X 28
SE AR JE M MERSIT 22 W 5 55 5% UE 478 B 4 0F L 1
B MERST WIE or0® R SUE AR B oo
(] P18 F X it 25

TOA TOA

B:[omod [Omca . (7)

TOA

£ mes

Bl 5 k6 AP ARAR H bR Y 28 SURE bir 26 WL 5 3
54 MERSI L1 & bp £ £ 5 /9 45 R 59 AH X i
ZWPEMRMEZ . 7T LLE 1« Libya-4 A X 25 19
o v 22 BH S A T H Al ol 050, 110 Mauritania-2 A8 X i
L IARE 28K 3 5 MERSI L1k 45 4k 5 AR 45 5 AH
FU 5 8~ 12 Uk Bt 19 3 00 52 5 25 Al /D o 4 X Al 22 /N T
0, M5 13~16 U Bt 19 2 0L 558 5% Ml i » A VT i 25 K
T 0 BRES 8 U B A 8 A i B i AH X f 25 Jk
ARHRTE 5 Y% LI,

(®)

= = DD
SO Uto

SEEEEES

9 10 11 12 13 14 15 16
Band No.

Average bias /%
o
58 &

|
Do
S

151 @

13{{}{}}§

8 9 10 11 12 13 14 15 16
Band No.

IDRERRES

8 9 10 11 12 13 14 15 16
Band No.

;¢

Average bias /%
(=)

-

Average bias /%
o

K15 6 P AR H bR 38 S8 bR W 51 % 5 MERSI L1 Ml 55 Ak 8 A5 25 4 09 A % i 22 09 B0 (5 22 42 6 7R A0 X 22 1Y)
tRifE2E) . (a) Algeria-3;(b) Algeria-5;(c¢) Libya-1;(d) Libya-4;(e) Mauritania-1;(f) Mauritania-2
Fig. 5 Mean of the bias between modeled TOA reflectance and MERSI L1 TOA reflectance of the six pseudo-invariant

targets (the error bar represents the standard deviation of the bias). (a) Algeria-3; (b) Algeria-5; (c) Libya-1;

(d) Libya-4; (e) Mauritania-1; ({) Mauritania-2

1828001-7



b

2,
¥

i

n
¥

4.2 TEEMHIEIE

MR D A AE H AR K TR 3% 00" KITERE H
MU AR A R 1 1T LR B R 6 R 52 U AR 46

F8 ISF 1) AR 1

K6 A mRAE L1k 55 6 E br R BOHR R 6
AN DIANAE B 9 K TR 5 4 LR AR SC 38 SUSE AR 25

Algeria-3

Algeria-5

Libya-1

Libya-4

Mauritania-1

Mauritania-2

TOA reflectance
OO0 o
O~ oWk U1 o =1

TOA reflectance
Lo
O DNWkE T

TOA reflectance
SO o
oWk ;o o

TOA reflectance
SO o
O oWk ;o o

TOA reflectance
i g i v
O H=DNWR T g 0w

TOA reflectance

L1
2011 2012 2013 2014 2015
Year
——band 10 ~—— ban —— band 1
S

2011 2012 2013 2014 2015
Year

9 4 I 8] 13 810 A ML (] A2 AR 3. T DLAE AR
i L1 sE bR R EO T AR B B9 K 0UR 5 3 5 ik 8] 42 ¢
HBHATE 5 A H AR RE A — S AR S0
SUE RS AR ] 7 3 - e R HE W] R, 5
DhANAE B bR K TR S5 U AR HLH PR AE e iy
Rl — 2

Y

oL
g

IS RS RN

TOA reflectance
coocooo

2011 2012 2013 2014 2015

Year
==

:Bmg 10
band 8

TOA reflectance
COLLLLLL
O DNWHE IO J

2011 2012 2013 2014 2015
Year

=N

=l

TOA reflectance
SO o
oWk I N ®

TOA reflectance
SO o
oWk I N ®

2011 2012 2013 2014 2015

Year
S S

=
~——band 11

TOA reflectance
COCLLLLLLLL
O = DN Wk 1oy g

2011 2012 2013 2014 2015
Year

=

o
]

oL
o=

TOA reflectance

Coooo
IS CRUCRNR

2011 2012 2013 2014 2015
Year

P 6 b A5 2 A K TS S5 3 6 i) 7 51

TOA

Fig. 6 p

time series obtained by calibration

1828001-8



% {5

Bl 7 45T 38 SE AR R G R A MERSI L1
FEBR R B4 T H S 240 6 22 0 i [R] AR £k
o mIE KN T 600 nm 83 B B

401 (a) — band 12 — band 16
30t “band 11 —band 15

~—band 10 — band 14
20} —band9 — band I3

Bias /%
=
o

-10f
=20,

2013 2014 2015

Year

2011 2012

—band 12 —band 16

Bias /%
—
o

-10f
=20 [

2011 2012 2013

Year

2014 2015

—band 12 —band 16

Bias /%
=
(=]

—-10+}
20+t

2013 2014 2015

Year

2011 2012

b 2 388 K R R = AN I B 3R 8~ 10 I BD) 548
13~ 16 I B AR XA a2 . A 7 240 X i 22 56 A 468 78
—5%~5%LLIN,

40 1 (b)

—band 12 —band 16

Bias /%

2011 2012 2013

Year

2014 2015

—band 12 —band 16

Bias /%

2011 2012 2013 2014 2015
Year
40 [ () —band 12 —band 16
30 |
< 207
<
2 10 ¢
g of
-10 |
-20 [
2011 2012 2013 2014 2015
Year

B 7 2 XERFEM SRS MERSI L1 EAREIEAE 20112015 4/ H SFEH M XHm 2 0 E F 3], (a) Algeria-3;
(b) Algeria-5;(c¢) Libya-1;(d) Libya-4;(e) Mauritania-1; (f) Mauritania-2

Fig. 7 Time series of monthly mean relative deviation from 2011 to 2015 between cross-calibration reflectance and

MERSI L1 calibration data. (a) Algeria-3; (b) Algeria-5; (c¢) Libya-1; (d) Libya-4; (e) Mauritania-1; (f) Mauritania-2

5 & ik

£ X MERSI o] Lo & & b5 15 £ N 58 3 L 5
L 37 b AR S s A0 VR K 1 ) AL L AR S DA RE A R B 3R
= 1 SeaWiFS 1E 2 2 % & &4, i Bl MODTRAN
5 S0 A% B B FL ERA-Interim 743 BT %8 W i <,
AR X FY-3B MERSI 55 15 Wt He 78 9% B i it
117 28 SUERRIF5E

X EFRLE R SRR L1 bR R BT W
ST AR LY B T 55 8 W B, oAl 8 ANk B AR A
B 7 PESE AR AE 50 LAWY . PR 7 45 31 1 SR T
S5 R B A IS () P B0 A RN ) AR f R A R T, L1 a2
b ZR BB R TS S8 2% 1Y s [R] 28 Ak R R E
7 AR 3038 N2 A 45 S 19 B i) 7 900 43 A e EL G W ik
s, 5O E B bR K TR S5 5 K AR e BB A
PEAR A B HE s — B, A SCR A MODIS 3048 22 b
K B = 19 SeaWiFS $dE #E 4T MERSI (5 15 M L 42
Ul B3 A (4 52 bR 5T, 19 8] T RS BE (9 K T BRDF
RERY s I HL, # 58T AH OGO 1% DT A AU 9 SE Al |, A

SO SeaWiFS WLl BRDF A5 A4 4, 7] DL H] T
At A SR 28 1 28 SO b B AR SR AT RS A M. AE
1 DT BC AR R rh 2 8T I LA S5 4 X — R R Y
e, AH L PR UL AE BT A5 I A% G ARk AR SOy
AR DR UE R RO B Y 1T B R B WS T SBAF 9
AT P R A0 Bn 1 R AE U — 203G 22 3 0 T E A
FB ] 7 9 i A AR Aa 1

2 % X #

[1] Xu W W, Zhang L M,

radiometric

Li X,

calibration of high-resolution optical

et al. On-orbit
satellite camera based on wide dynamic targets[J].
Acta Optica Sinica, 2019, 39(10): 1028004.
A, kB, &, . TR IE BRI
PGS DA MMLE R S R 1], e %R,
2019, 39(10): 1028004.

[2] Yang T H, Hu X Q, Xu H L,

calibration

Radiation
FY-3D

hyperspectral infrared atmospheric sounder based on

et al.
accuracy  assessment  of
inter-comparison[J]. Acta Optica Sinica, 2019, 39
(11): 1130003.

1828001-9



ot &2 # 1z

WmRbL, W, WIS, . TR Rz [8] Wang L, Hu X Q. Chen L. FY-3C/MERSI

=5 D BN KSR AR 5 % br P pE A calibration for solar band using multi-reflectance

[J]. Se2F2E4R, 2019, 39(11): 1130003. stable targets[J]. Optics and Precision Engineering,
[3] Hooker S B, McClain C R. The calibration and 2015, 23(7): 1911-1920.

validation of SeaWiFS data [ J]. Progress in T, WIFHE, Bk ETE2MEERE RN FY-

Oceanography, 2000, 45(3/4): 427-465. 3C/ v a3 B A T AR AR S R IR B B E AR
[4] SunL, Guo M H, Xu N, et al. On-orbit response [J]. Sb2F s TR, 2015, 23(7): 1911-1920.

variation analysis of FY-3 MERSI reflective solar [9] LiC, Xue Y, Liu Q H, et al. Post calibration of

bands based on Dunhuang site calibration [ ]]. channels 1 and 2 of long-term AVHRR data record

Spectroscopy and Spectral Analysis, 2012, 32 (7): based on SeaWiFS data and pseudo-invariant targets

1869-1877. [J]. Remote Sensing of Environment, 2014, 150:

g, ke, TR, AF. BT HUR S HE AR FY-3 104-119.

MERSI Jz 5} A BH % B A8 #7284k 20 87 (] . 6% [10] Schaaf C B, Gao F, Strahler A H, et al. First

5563487, 2012, 32(7): 1869-1877. operational BRDF, Albedo nadir reflectance products
[5] Sun L, Hu X Q, Guo M H, et al. Multisite from MODIS[]J]. Remote Sensing of Environment,

calibration tracking for FY-3A MERSI solar bands 2002, 83(1/2): 135-148.

[J]. IEEE Transactions on Geoscience and Remote [11] Roujean J L, Leroy M, Deschamps P Y. A

Sensing, 2012, 50(12): 4929-4942. bidirectional reflectance model of the Earth's surface
[6] Hu X Q, Sun L, Liu J, et al. Calibration for the for the correction of remote sensing datal[]]. Journal

solar reflective bands of medium resolution spectral of Geophysical Research: Atmospheres, 1992, 97

imager onboard FY-3A [J]. IEEE Transactions on (D18): 20455-20468.

Geoscience and Remote Sensing, 2012, 50 (12): [12] Strahler A H, Lucht W, Schaaf C, et al. MODIS

4915-4928. BRDF/Albedo product: algorithm theoretical basis
[7] XuN, WuR H, Hu X Q, et al. Integrated method document version 5. 0 [Z/OL]. [2020-05-14 7.

for on-obit wide dynamic vicarious calibration of FY- https://modis. gsfc. nasa. gov/data/atbd/atbd _

3C MERSI reflective solar bands [J]. Acta Optica mod09. pdf.

Sinica, 2015, 35(12): 1228001. [13] Acharya P K, Adler-golden S M, Anderson G P,

B, Rogpse $FEWE, 4. FY-3C MERSI S 8t % B
TN EGERRI eIk ]. h2%H, 2015,
35(12): 1228001.

1828001-10

et al. Modtran version 3. 7/4.0 user' s manual [Z/
OL]. [2020-05-147.
967176946236. html.

http://www. doc88. com/p-



