MODIS On-Orbit Spectral Calibration for the Reflective Solar Bands

Contact: Xiaoxiong.Xiong-l@nasa.gov

MODIS Characterization Support Team (MCST)

Introduction

The MODIS 36 bands cover spectral range from 0.41 to 14.2 ym.

Its spectral characterization was measured prelaunch using a
Spectral Measurement Assembly (SpMA) at SBRS.

On-orbit spectral characterization is performed using an on-orbit
calibrator: Spectro-Radiometric Calibration Assembly (SRCA) for
the reflective solar bands (RSB).

The SRCA has the capability of wavelength self-calibration.

The SRCA tracks the MODIS spectral characterization over MODIS
lifetime.
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SRCA operation on-orbit

Terra
Op. No Year Day Op. No. Year Day
1 2000 49 13 2002 109
2 2000 61 14 2002 206
3 2000 161 15 2002 297
4 2000 189 16 2003 23
5 2000 262 17 2003 125
6 2000 329 18 2003 209
7 2001 9 19 2003 287
8 2001 40 20 2004 28
9 2001 99 21 2004 112
10 2001 193 22 2004 209
11 2001 284 23 2004 301
12 2002 31 24 2005 26

The centroid value of the ratio of calibration SiPD signal to reference SiPD

signal is
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Aqua
Op. No. Year Day Op. No Year Day
1 2002 171 7 2003 287
2 2002 241 8 2004 31
3 2002 295 9 2004 118
4 2003 28 10 2004 209
5 2003 118 11 2004 300
6 2003 203 12 2005 25

The SRCA spectral mode is
operated quarterly on-orbit

Algorithm for wavelength scale
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Transmittance of didymium glass

A-- angular difference between

the main slit and didymium slit
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Peaks @ 0.496 um and 0.551 pm (two orders) are utilized.

Scaled voltage (V)

SRCA measured didymium peak signal
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Determine monochromator parameters, 3 and Gofi , by knowing three Ac and 6c
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SRCA monochromator parameter trending

Terra SRCA monochromator beta tracking
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Terra SRCA monochromator offset tracking
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Terra/Aqua band response recovered
(bands 3, 4, 8, and 9)

Band 3 Band 4
1 | 1 W
0.9 0.9
0.8 0.8
0.7 \' 0.7 1
0.6 x 0.6 i ‘
v O 3 ¢ ¢ 1
0 0.5 0 0.5
o [ &
04 \ 0.4 ‘
0.3 x 0.3
0.2 0.2 m\
0.1 0.1
0 -\ﬁ 0 -’/ J \—
0.45 0.455 0.46 0.465 0.47 0.475 0.48 0.485 0.535 0.54 0.545 0.55 0.555 0.56 0.565 0.57
Wavelength (um) Wavelength (um)
T SpMA 2000-061 - - --a----2001-099 — - 2002-109 SpMA 2000-061 - ---a----2001-099 — s 2002-109
erra — % 2003-125 — 2004209 — 2005-026 % 2003-125 — e 2004-209 —+  2005-026
Band 8 Band 9
1 1 A gl S
0.9 0.9 A
LY
% 0 ot
. 0 0.5
“ 04 € F
0.3 03 /
0.1 y 0.1
0 Sinlt 0
0.395 04 0.405 0.41 0.415 0.42 0.425 0.43 0.435 0.44 0.445 0.45 0.455
Wavelength (1m) Wavelength (1um)
SpMA  — = 2000-061 -- - -a- - --2001-099 — s 2002-109 SPMA  — = 2000-061 ---.a----2001-099 — s« 2002-109
— % 2003-125 — e+ 2004-209 — 2005-026 — % 2003-125 — e« 2004-209 —+ 2005-026
Band 3 Band 4
1 1 s e SHOREKIOBORR X
09 by M 09 — g
07 f 0.7 ff \
0.6 0.6
& ¥ & i ;Y
n 05 n 05
% 04 I X ® 04 f L
0.3 \ 0.3 f K
02 02— y
0.1 \f 01|
0 0
0.45 0.455 0.46 0.465 0.47 0475 048 0.54 0.545 0.55 0.555 0.56 0.565 0.57
Wavelength (.m) Wavelength (um)
Aqua —SpVA —=— 2002-241 —+— 2003-108 —«— 2004-118 —— 2005025 ——SpMA —=— 2002-241 —»— 2003-108 —«— 2004-118 —x— 2005-025
Band 8
1 1
09 0.9
0.8 0.8
0.7 0.7
o 0.6 o 0.6
& 0.5 g:J 0.5
04 04
03 0.3
02 f 02
0.1 ﬂ 01
O 0 T
04 0,405 041 0415 042 0425 0434 0436 0433 044 0442 0444 0446 0448 045 0452
Wavelength (.m) Wavelength (.um)
——SpMA —=— 2002-241 —»— 2003-108 —«— 2004-118 —x— 2005-025 —— SpMA —=— 2002-241 —»— 2003-108 —«— 2004-118 —x— 2005025

Summary

The SRCA has successfully tracked the MODIS spectral characterization
from prelaunch to on-orbit for A<lpm (limited by the reference S1iPD

response).

The trending results demonstrate that the SRCA self-calibration 1s

operated properly.

Center wavelength shifts were observed after launch and the changes vary
slowly over time. All center wavelength shifts are less than 0.5nm except
for Terra MODIS B8 and Aqua MODIS B2. The bandwidth changes are

less than 0.5nm except for Terra MODIS B19.
The observed center wavelength shift impact on the band radiance 1s within

0.5%.

Band center wavelength and bandwidth (nm)

Terra
Specification Tolerance Diff. measured by SpMA Diff. measured on-orbit (2005] Diff. orbit (2005) to SpMA
Band |Center win] Bandwidth | Center wvn | Bandwidth| Center wvn Bandwidth Center wMn Bandwidth | Center wMn Bandwidth
A C A BW AL C AL BW | AL C SpMA | AL BW_SpMA| AL C Orbit | AL BW_Orbit AL C A\ BW
1 645 50 +4 4 1.3 -2.5 1.5 -2.6 0.2 -0.1
2 858 35 +2.2 4.3 -1.6 2.8 -1.5 N/A 0.1 N/A
3 469 20 +4 2.8 -3.3 -1.3 -3.3 -1.5 0.0 -0.2
4 555 20 +4 3.3 -1.3 -0.4 -1.3 -0.5 0.0 -0.1
5 1240 20 +5 7.4 2.1 3.2 N/A N/A N/A N/A
6 1640 24.6 +7 9.8 -10.6 3.1 N/A N/A N/A N/A
7 2130 50 +8 12.8 -15 2.4 N/A N/A N/A N/A
8 412 15 +2 1.5 -0.1 -0.5 -0.7 -0.7 -0.6 -0.2
9 443 10 +1.1 1.6 -0.8 -04 -1.2 -0.9 -0.4 -0.5
10 488 10 +1.2 1.7 -1 0.6 -1.4 0.5 -0.4 0.0
11 531 10 +2 1.9 -1.2 1.9 -1.4 1.5 -0.2 -0.4
12 551 10 +5 1.4 -4.1 0.3 -4.2 0.0 -0.1 -0.3
13 667 10 -2,+1 1.7 -1.3 -0.1 -1.5 -0.5 -0.2 -04
14 678 10 +1 1.7 -2 1.3 -2.0 1.7 0.0 0.5
15 748 10 +2 1.9 -1.7 -0.2 -1.9 -0.3 -0.2 -0.2
16 869 15 5 4.3 -3.1 0.5 -3.4 0.6 -0.3 0.1
17 905 30 +2.3 5.4 -0.8 4.7 -0.8 4.5 0.0 -0.2
18 936 10 +2.3 5.6 -0.9 3.5 -1.2 3.2 -0.3 -0.3
19 940 50 +2.4 5.6 -4.2 -4.1 -4.4 -5.0 -0.2 -0.9
26 1375 30 +6 8 5.4 5.5 N/A N/A N/A N/A
Aqua
Specification Tolerance Diff. measured by SpMA Diff. measured on-orbit (2005)] Diff. orbit (2005) to SpMA
Band |Center wvlnl Bandwidth | Center wMn | Bandwidth| Center wvn Bandwidth Center wMn Bandwidth | Center wMn Bandwidth
A C L BW AX C AL BW | AL C SpMA |AL BW_SpMA| AL C Orbit | AL BW_Orbit yle A\ BW
1 645 50 +4 4 0.8 2.2 1.4 -1.8 0.5 0.5
2 858 35 +2.2 4.3 -1.2 2.7 0.1 N/A 1.3 N/A
3 469 20 +4 2.8 2.9 -1.4 -2.9 -1.3 0.0 0.1
4 555 20 +4 3.3 -1.1 -0.3 -1.1 -0.6 0.0 -0.3
5 1240 20 +5 7.4 1.5 3.5 N/A N/A N/A N/A
6 1640 24.6 +7 9.8 -11.9 3.8 N/A N/A N/A N/A
7 2130 50 +8 12.8 -16.0 2.4 N/A N/A N/A N/A
8 412 15 +2 1.5 0.5 -0.3 0.9 -0.2 0.5 0.1
9 443 10 +1.1 1.6 -0.8 -04 -0.7 -0.2 0.1 0.2
10 488 10 +1.2 1.7 -0.6 0.5 -0.5 0.5 0.1 0.0
11 531 10 +2 1.9 -0.9 1.9 -0.8 2.2 0.1 0.3
12 551 10 +5 1.4 -3.8 0.2 -3.6 0.2 0.2 0.0
13 667 10 -2,+1 1.7 -1.0 -0.1 -0.9 0.0 0.1 0.1
14 678 10 +1 1.7 -0.4 1.3 -0.2 1.7 0.2 0.4
15 748 10 +2 1.9 -1.2 -0.1 -1.0 -0.3 0.2 -0.2
16 869 15 +5 4.3 -2.1 0.5 -2.0 0.7 0.1 0.2
17 905 30 +2.3 5.4 -0.6 4.7 -0.2 4.9 0.4 0.2
18 936 10 +2.3 5.6 0.4 3.5 0.6 3.5 0.2 0.0
19 940 50 +2.4 5.6 -3.6 -4.3 -3.1 -3.8 0.5 0.5
26 1375 30 +6 8 7.3 4.6 N/A N/A N/A N/A
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