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Table 1 Main design specifications of MERSI spectral bands

VB PO BB RS NEd/%/ B AEH
/ym /um  BER/m NEAT(300 K) ik por /%

1 0. 470 0.05 250 0.45 100
2 0. 550 0.05 250 0.4 100
3 0. 650 0.05 250 0.4 100
4 0. 865 0.05 250 0.45 100
5 11.25 2.5 250 0. 54K 330K
6 1. 640 0.05 1000 0.08 90
7 2.130 0.05 1000 0.07 90
8 0.412 0.02 1 000 0.1 80
9 0. 443 0.02 1 000 0.1 80
10 0. 490 0.02 1000 0.05 80
11 0. 520 0.02 1000 0.05 80
12 0. 565 0.02 1 000 0.05 80
13 0. 650 0.02 1 000 0.05 80
14 0. 685 0.02 1 000 0.05 80
15 0. 765 0.02 1000 0.05 80
16 0. 865 0.02 1 000 0.05 80
17 0. 905 0.02 1000 0.10 90
18 0. 940 0.02 1000 0.10 90
19 0. 980 0.02 1 000 0.10 90
20 1.030 0.02 1 000 0.10 90
1.0
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Fig. 1 Spectral response function of FY-3A MERSI RSBs
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Fig. 2 Spectral response function of FY-3B MERSI RSBs
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Fig. 4 In-situ BRDF model parameters
of Dunhuang surface in 2008
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Table 2 Synchronous parameters for FY-3B MERSI Dunhuang vicarious calibration(VC) in Aug. 2011

H 81 7,(550) Angstrom KK/ (g s em™2) SolZ(*) SenZ(®) RelA(®)
8-18 0. 085 1.21 2.026 33.798 39. 543 39. 330
8-24 0.138 1. 14 1. 300 34.027 22.59 —43. 253
8-25 0.134 1. 079 0. 799 32. 362 7.261 —229. 837
8-30 0.170 0.776 2.243 34. 651 1.742 —41. 664
Table 3 Calibration slopes of FY-3B MERSI Dunhuang VC in Aug. 2011
bidz 1 2 3 4 6 7 8 9 10 11
8-18 0.030 6 0.030 1 0.028 4 0.030 0 0.022 7 0.017 9 0.028 1 0.025 4 0.023 0 0.022 7
8-24 0.030 4 0.029 7 0.027 9 0.028 7 0.021 6 0.016 9 0.027 8 0.025 2 0.022 8 0.022 4
8-25 0.030 2 0.029 3 0.026 9 0.027 6 0.022 2 0.017 4 0.027 6 0.025 0 0.022 5 0.022 2
8-30 0.030 7 0.029 9 0.027 7 0.028 8 0.022 5 0.017 5 0.028 1 0.025 5 0.022 9 0.022 6
Mean 0.030 4 0.029 6 0.027 5 0.028 4 0.022 1 0.017 3 0.027 8 0.025 2 0.022 7 0.022 4
CV/% 0.725 4 1.067 3 1.843 0 2.370 6 2.136 6 1.737 1 0.878 9 0.913 4 0.966 8 1.047 3
fidE 12 13 14 15 16 17 18 19 20
8-18 0.022 6 0.022 5 0.019 9 0.021 0 0.023 1 0.023 8 0. 020 6 0.025 4 0.029 0
8-24 0.022 5 0.021 9 0.019 4 0.020 5 0.022 1 0.022 7 0.020 3 0.023 9 0.027 3
8-25 0.022 0 0.021 1 0.018 7 0.019 7 0.021 3 0.022 6 0.022 2 0.023 2 0.026 0
18-30 0.022 4 0.021 8 0.019 3 0. 020 5 0.022 3 0.022 5 0.018 6 0.023 8 0.027 4
Mean 0.022 3 0.021 6 0.019 1 0.020 2 0.021 9 0.022 6 0.020 4 0.023 6 0.027 0
CV/% 1.268 9 1.949 4 2.057 1 2.286 6 2.324 1 0.460 1 8.755 7 1. 570 2 2.639 5
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32 5 2 MODIS T 38 RS T00% 2 B 5 T B SO0 00 i 1 A %
2% (100 (Rad™ — Rad“™) /Rad“™ ) {5 8., "] LLF i, X F
Aqua MODIS, 4 TLE KT A <30° I E 45 R AE B 1, 4,
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Table 4 Synchronous parameters for Aqua MODIS Dunhuang VC from 2008 to 2011

H 7.(550) Angstrom K&/ (g * em ?) SolZ(*) SenZ(*) RelA(")
2008-9-10 0.133 0.703 0.575 42.783 51.037 —43.513
2009-8-28 0. 226 0. 566 0.727 38. 308 50. 737 —40. 318
2009-8-29 0. 164 0.702 0. 840 32.759 34. 554 —233. 586
2010-8-14 0. 146 1. 362 0.470 28.470 15. 370 —229. 334
2010-8-18 0.169 1. 096 1. 169 27.919 48. 400 —237.443
2011-8-18 0. 082 1. 215 2.02 34. 464 50. 731 —39. 230
2011-8-22 0. 276 0. 406 1. 680 32. 657 18. 202 —44. 070
2011-8-24 0. 144 1. 109 1. 300 32. 066 4. 420 —229.75
2011-8-26 0.137 0.991 1. 130 31. 689 25. 800 —233.128

Table 5 Relative difference between simulated Aqua MODIS top of the atmosphere
(TOA) radiance and sensor measurements from 2008 to 2011

B 1 2 3 4 5 6 7 8 9 10 17
2008-9-10 —0.9522 —3.9785 —1.2289 0.684 1 —4. 2287 —b 8.770 1 0.0588 —2.7855 —3.5081 1.0757
2009-8-28 —1.1406 —2.5852 —0.8010 0.0271 —5.7144 —6.1924 9.7415 1.766 0 —1.5557 -2 5.203 4
2009-8-29 —1.0406 —4.0836 —0.8963 1.5725 —7.9706 —b 2.486 5 0.2456  —1.7603 —2.1987  2.094 5
2010-8-14 0.7395 —1.1401 —3.4160 1.8944 —3.6507 —0.7771 9.5758 0.264 7 —3.9590 —4.1324 5.114 6
2010-8-18 —2.1867 —4.4336 —1.5960 0.1266 —6.1808 —b 7.6332 —2.8684 —2.2163 —2.6496 —0.8485
2011-8-18 3.6330 1.996 3 —0.0435 3.4452 —0.2952 1.8201 15.9351 3.0089 —1.1528 —1.7791 6.7452
2011-8-22 3.0170  —0.5876 —0.7251 3.8696 —2.6191 —b 14.530 4 6.1321 —0.4498 —2.5325 3.6076
2011-8-24 2.2068 —1.4094 —1.9976 2.9831 —5.2173 D 11.654 9 3.1608  —2.2980 —2.8872 5.0325
2011-8-26 —0.3263 —4.4175 —0.8483 2.5261 —7.1617 —D 12.552°5 2.9432  —0.7873 —1.6686 2.7487
Mean 0.4389 —2.2932 —1.2836 1.9032 —4.7821 —1.7165 10.3200 1.6346 —1.8850 —2.6695 3.4193
Std 2.066 5 2.197 9 0.973 4 1.417 3 2.378 1 4.088 0 3.998 4 2.567 6 1.079 2 0.8389 2.389 2
Mean(SenZ<30°) 1.4093 —1.8887 —1.7468 2.8183 —4.6622 —0.7771 12.0784 3.1252  —1.8735 —2.8052 4.1259
Std(SenZ<30%) 1.492 4 1.720 3 1.2517 0.8309 1.979 3 0.000 0 2.055 8 2.398 5 1. 605 8 1.022 2 1.149 6
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Fig. 5 Scatter plot of Aqua MODIS TOA apparent reflectance
(%) versus FY-3B MERSI on Aug. 21, 2011

Table 6 Multi-year calibration results of FY-3A MERSI RSBs

B 2008-9 2009-8 2010-8 2011-8
" Mean CV/% Mean CV/% Mean CV/% Mean CV/%
1 0.030 8 0. 940 0.033 9 0. 393 0.034 7 1. 681 0.035 8 1. 298
2 0.028 3 0. 007 0.030 7 1.272 0.030 8 1. 934 0.0310 1. 507
3 0.023 8 0. 509 0. 025 1. 892 0. 025 2.273 0.024 7 1. 522
4 0.027 4 0. 877 0.028 6 1. 305 0.028 8 2.025 0.028 6 2.173
6 0. 022 9 2. 840 0.015 9% /0. 030 1® 0.017 8©® 2. 659 0. 027 6® 1.083
7 0. 022 9 0. 585 0.021 1 0. 540 0. 023 9 2. 868 0. 030 2 1. 645
8 0.023 4 0. 099 0. 027 0. 740 0.029 4 1. 874 0.032 7 1. 509
9 0.024 6 1. 158 0.027 1 0. 545 0.028 1 1. 445 0.029 4 1. 624
10 0.024 1 1. 063 0.025 8 1.162 0.026 3 1. 623 0.026 9 1. 274
11 0.019 2 0. 652 0.020 8 1. 460 0.021 1. 811 0.021 4 1.111
12 0.023 1 0.074 0.024 4 1. 504 0.024 4 2.229 0.024 5 1. 399
13 0.0219 0. 356 0.022 9 2.106 0.022 8 2.279 0.022 6 1. 404
14 0.020 7 0. 444 0.0217 1. 883 0.0217 2. 448 0.021 5 1. 575
15 0.027 5 0.163 0.029 2 1. 352 0.029 6 2.381 0.029 3 2.018
16 0.020 2 0. 833 0.021 1 1. 242 0.021 4 1. 938 0.021 2 2. 265
17 0.024 0 1. 266 0.025 6 2.501 0.026 1 3. 287 0.026 1 4.700
18 0.033 6 4. 839 0.036 1 4. 899 0.036 6 7.882 0.037 3 10. 866
19 0.022 9 4. 140 0.024 1 1. 648 0.024 8 3. 267 0.025 4 3.034
20 0.024 8 4.984 0. 026 2.173 0.028 1 2. 629 0.029 1 2. 444
(1): SV 2}y 214.65 (2);: SV} 96.5; (3): SV} 300.7; (4): SV 4 169.8; (5): SV Jy 135.8; (6): SV Ny 301.4; (7): SV 3y 137.2;

(8): SV} 183.9; (9): SV 2}y 109.8
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Fig. 6 Calibration coefficients variation trend of FY-3A MERSI RSBs (fitting line is denoted by dashed line)

H ~2011 4E 8 H)EATAL 0. 6 pan 8735k B 1 B0 137 385 fim 31
2.

Table 7 Calibration coefficients variation fitting
parameters of FY-3A MERSI RSBs

B cl c2 2 R? MARE
1 —3.96e009 9. 49¢-006 3. 00e-002 0.976 0.763
2 —4.27¢009 7.77¢-006 2. 77002 0.939 0. 801
3 —2.89e009 4. 47¢-006 2. 34e-002 0. 954 0. 380
4 —2.71e009 4. 55e-006 2. 70e-002 0. 984 0.222
8§  —8.53e010 9. 52e-006 2. 25002 0. 996 0. 701
9  —2.43e009 7. 41e-006 2. 39e-002 0. 987 0. 645
10 —2.18e-009 5. 28e-006 2. 36e-002 0. 981 0. 500
11 —2.35e-009 4. 91e-006 1. 88¢-002 0. 954 0.776
12 —2.32e009 4. 16e-006 2. 28e-002 0.924 0. 586
13 —2.31e009 3. 53e-006 2. 16e-002 0.912 0. 455
14 —2.31e009 3. 65e-006 2. 04e-002 0. 949 0. 386
15 —3.88e-009 6. 61e-006 2.69e-002 0.992 0.222
16 —2.14e-009 3.67e-006 1. 98e-002 1. 000 0. 059
17 —3.13e009 5. 92e-006 2. 35e-002 0.993 0. 244
18 —3.54e-009 7. 78e-006 3. 29e-002 0. 969 0.611
19 —1.23e009 3. 86e-006 2. 25002 0.998 0. 156
20 —5.66e010 4. 90e-006 2.42e-002 0.981 0. 766
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WAL PR T IEL 11, 14, 16, 17 1 20 Z 41, b e bR
RE RSB 50 zES, R, BB 1, 2, 4, 8,9,
10, 12, 13, 15 f1 18 AL 10X A& F ., X+ FY-3B, fiF
MERSI ¥ 9l 5.0 W, TR hilve , Js e sh i By e
PR R BOU 05 TR SR R R R W B T AN R AR IR

Table 8 Response annual variation of FY-3A MERSI RSBs
W B 2008-9~2009-8 2009-8~2010-8 2010-8~2011-8

1 9.43 2.16 2. 67
2 8. 06 0. 31 0.58
3 4. 95 0. 00 —1.13
4 1. 33 0. 69 —0.65
8 13.75 7.29 7. 86
9 9.51 3. 33 3.79
10 6.79 1. 83 2.00
11 7.93 0.91 1. 67
12 5.49 0. 00 0. 38
13 4. 50 —0.43 —0.83
14 4.75 0. 00 —0.87
15 6. 00 1.31 —0.93
16 4. 40 1. 38 —0.87
17 6. 44 1. 85 0. 00
18 7.14 1. 31 1. 69
19 5.13 2.77 2.13
20 4.76 7.35 2.97
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118 {37 e R AR A s BR T 0B 15 1 17 Z 46, e
PREEIRE E P HIA B 52025, FRBldE. BB 1, 2, 4,
8,9, 10, 11, 12, 18 F1 20 A #3T 10% MR, AT LA
HEBREAHG . MERSI &S HiE bR REGEART T, Rl
P <20. 6 pm HIBEL,
5 45 1

PR T T S ST e 35 BRDF B, 4% 5 8 S A5
B 6SV I IkG MODTRAN WU ot 5845 1F 14 52 565 K BH 38 B
BREHITE, £5%F FY-3 MERSI ([R5 @ fR o ge 45 R 2%
M, BR T AR D B 18 AN, E AR RIS E /N T
5%, il TWBE 17~20 Z 4k, AHER/NT 3%,
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Table 9 Comparison of pre-launch calibration coefficients and that of first Dunhuang VC for FY-3 MERSI

o FY-3A FY-3B

e KT 2008-9 PDIf% KA 2008-9 PDIf%
1 0.026 6 0.030 8 15. 833 0.025 9 0.030 4 17. 375
2 0.025 2 0.028 3 12. 480 0.025 6 0.029 6 15.53
3 0.025 4 0.023 8 —6. 447 0.025 8 0.027 5 6. 67
4 0.024 7 0.027 4 10. 752 0.025 6 0.028 4 10. 85
6 0.018 3 0.022 9 25. 342 0.016 6 0.022 1 33. 05
7 0.019 5 0.022 9 17. 496 0.004 4 0.017 3 292. 29
8 0.019 0 0.023 4 23.223 0.020 0 0.027 8 38. 86
9 0.019 8 0.024 6 24. 054 0.020 1 0.025 2 25.50
10 0.020 1 0.024 1 19. 841 0.020 2 0.022 7 12. 38
11 0.020 1 0.019 2 —4.620 0.020 1 0.022 4 11. 72
12 0.020 4 0.023 1 13.514 0.020 2 0.022 3 10. 67
13 0.019 8 0.021 9 10. 886 0.020 3 0.021 6 6. 40
14 0.020 6 0.020 7 0. 437 0.020 2 10.019 1 —5.49
15 0.020 2 0.027 5 35.937 0.020 2 0.020 2 —0. 20
16 0.019 4 0.020 2 4. 070 0.020 4 0.0219 7.25
17 0.023 9 0.024 0 0.503 0.022 8 0.022 6 —1.05
18 0.025 2 0.033 6 33.492 0.022 8 0.020 4 —10. 41
19 0.021 3 0.022 9 7.512 0.022 4 0.023 6 5.17
20 0.025 4 0.024 8 —2.516 0.022 6 0.027 0 19. 36
PL Aqua MODIS g SIEEME . AR E T R 2.

TR ST BT 2R BT, X TR <<1 pom 9 5 DX B RS T0
ST 2E /T 3% KRR X i 22/ T 4%,
PWR>1 pm B/NF 5% IR T 2.1 pm PBD .
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MM RE R ¥7E 0.9 DL L, B TUE: 2, 12, 13 71 14,
R*F8E 0. 95, SR FHIZES S AT LASE B K (10 5 b 2 50E 8, &
DT L TP [ 25 52 6 0 ) )38 Jeid o 1y S 72, 244K, 3
1o BELRAESULA TRVRE AT LA S B K A9 5 A 2R 580, FLACR:
IR — Tl B3 5 5 340 5 AE HE — 25 1 2 A I AR VA 5

18 SRR A B E AR AR RS e 1 LA S L 1 AR A . )
Pl P <<0. 6 pm AYPEBCEARARXI AR, Ik W A
Br 8C0. 41 pm) fEABUES — AR I AR R 20 14005 {ELPI ]
MR IRR . fERLIBTT R G A 2 . fELB T M
SEZJF R0 6 e IR BE T B W 1S AL

A AR AL T RS RAC B (RORE BE T S M ) A0
AR ST EAR T2 BB AR R R 2 L B ) RO R
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R N SE FRB AR AR MARAS - $i g 3 [ TR s B ) Ok
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On-Orbit Response Variation Analysis of FY-3 MERSI Reflective Solar
Bands Based on Dunhuang Site Calibration
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Abstract MERSI is the keystone payload of FengYun-3 and there have been two sensors operating on-orbit since 2008, The on-
orbit response changes obviously at reflective solar bands (RSBs) and must be effectively monitored and corrected. However
MERSI can not realize the RSBs onboard absolute radiometric calibration. This paper presents a new vicarious calibration (VC)
method for RSBs based on in-situ BRDF model, and vector radiometric transfer model 6SV with gaseous absorption correction u-
sing MOTRAN. The results of synchronous VC experiments in 4 years show that the calibration uncertainties are within 5% ex-
cept for band at the center of water vapor absorption, and 3% for most bands. Aqua MODIS was taken as the radiometric refer-
ence to evaluate the accuracy of this VC method. By comparison of the simulated radiation at top of atmosphere (TOA) with
MODIS measurement, it was revealed that the average relative differences are within 3% for window bands with wavelengths
less than 1 pym., and 5% for bands with wavelengths larger than 1 ym (except for band 7 at 2. 1 ym). Besides, the synchronous
nadir observation cross analysis shows the excellent agreement between re-calibrated MERSI TOA apparent reflectance and
MODIS measurements. Based on the multi-year site calibration results, it was found that the calibration coefficients could be fit-
ted with two-order polynomials, thus the daily calibration updates could be realized and the response variation between two cali-
bration experiments could be corrected timely; there are large response changes at bands with wavelengths less than 0. 6 ym, the
degradation rate of the first year at band 8 (0. 41 ym) is about 14%; the on-orbit response degradation is maximum at the begin-
ning, the degradation rates slow down after one year in operation, and after two years the responses even increase at some band

with wavelengths larger than 0. 6 pm.

Keywords FengYun-3(FY-3); Medium resolution spectral imager (MERSI) ; Reflective solar band (RSB) ; On-orbit response

variation; Site vicarious calibration(VC)
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