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Central Wavelengths and Wavenumbers and Sensor Planck Functions
of the GMS and MTSAT Infrared Channels
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Abstract
Satellite based imagers and sounders observe radiation from the Earth with specific band widths.
Weinreb et al. (1981) and Planet (1988) propose a sensor Planck function to convert the observed
radiance to brightness temperature and vice versa. Their method is to introduce band correction
coefficients into the monochromatic Planck function, and this enables a conversion that is fast and
accurate. Using this method, the sensor Planck functions for all infrared channels of the imagers
aboard GMS and MTSAT satellites are generated.
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MTSAT-1R IR1 Sensor Planck Function
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Figure 1: The top chart shows the difference between the brightness temperature and effective temperature as
a function of the brightness temperature regarding channel IR1 (10.8 microns) of MTSAT-1R. The
solid curve represents the difference obtained by accurate calculations based on the SRF of MTSAT-
1R IR1. The crosses represent the differences approximated by a linear equation, and the circles
represent the differences approximated by a quadratic equation. The middle chart shows the
approximation error of the linear equation, and the bottom chart shows the approximation error of
the quadratic equation.
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SRFs of the infrared channels of the GMS and MTSAT satellites
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Figure 2 :

SRFs of the infrared channels aboard the GMS and MTSAT satellites. The thin black lines represent
the brightness temperatures of the up-welling radiances at the top of the atmosphere simulated by

the radiative transfer model LBLRTM with the HITRAN2000 (AER updates) line parameters with
respect to the U.S. standard atmosphere.
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Table 1: Central wavelengths and wavenumbers of the infrared channels aboard the GMS and MTSAT

satellites.

Infrared Central Central
Satellite Channel Attribute Wavelength Wavenumber
(m) (cm™)

GMS-1 IR 11.418612 884.9870
GMS-2 IR 10.975875 918.0030
GMS-3 IR 11.450810 882.5031
GMS-4 R 10.960250 921.4033
TR1 10.842550 925.3141

GMS-5 TR2 11.536931 869.5657
IR3 6.938345 1443.4487

IR1 10.815423 926.6118

TR2 imar 12.019579 833.1675

TR3 p y 6.754582 1482.2068

R4 3784797 9652.9316

MTSAT-1R TR1 10.817006 926.4664
TR2 dundant 12.018014 833.2789

TR3 redundan 6.754582 1482.2068

R4 3784797 9652.9316

TR1 10.813074 926.4627

TR2 T 11.985639 835.6672

TR3 primary 6.779563 1476.6898

R4 3.741066 9684.1181

MTSAT-2 IR1 10.812001 926.5468
TR2 dundant 11.984590 835.7305

IR3 redundan 6.779401 1476.7304

R4 3.741066 9684.1181
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Table 2: Band correction coefficients ¢1 and ¢2 to estimate effective temperatures 7°¢ by linear approximation

T¢ ~ ¢ + ¢oT° and the maximums of their approximation errors regarding the wavelength space sensor
Planck functions of the infrared channels aboard the GMS and MTSAT satellites.

. Infrared Maz T
Satellite Channel Attr. c1 c2 approx.
error (K)
GMS-1 IR —0.4666340 | 1.0004316 0.15
GMS-2 R —0.2565909 | 0.9999300 0.11
GMS-3 R —0.4177618 | 1.0002618 0.15
GMS-4 R —0.3244766 | 0.9998918 0.14
R1 ~0.0556830 | 0.9997598 0.05
GMS-5 IR2 —0.1415532 | 1.0001397 0.01
IR3 0.2890483 | 0.9988507 0.05
IR1 ~0.0360641 | 0.9998363 0.03
IR2 . [—0.0872808 | 1.0001724 0.02
R3 pri. 0.2404370 | 0.9990673 0.01
R4 2.0708131 | 0.9950995 0.01
MTSAT-1R IR1 —0.0361872 | 0.9998364 0.03
TR2 —0.0874450 | 1.0001726 0.02
R3 red. 35404370 [ 0.9990673 0.01
R4 2.0708131 | 0.9950995 0.01
IR1 ~0.0280833 | 0.9998591 0.02
IR . [—0.0975621 | 1.0001912 0.02
R3 pri. 0.2304012 | 0.9991033 0.01
R4 2.1851431 | 0.9948536 0.01
MTSAT-2 IR1 —0.0279004 | 0.9998595 0.02
IR2 4 | —0:0968270 | 1.0001897 0.02
R3 red T0.2311384 | 0.9991004 0.01
R4 2.1851431 | 0.9948536 0.01

F3IK2EFML, 2720, BEEME YT T VBB

Table 3: The same table as Table 2, but for the wavenumber space sensor Planck functions.

. Infrared Max T*
Satellite Attr. c1 c2 approx.
Channel
error (K)

GMS-1 R 1.5298064 | 0.9944519 0.04
GMS-2 R 1.1457905 | 0.9959632 0.03
GMS-3 R 15757265 | 0.9943072 0.04
GMS-4 IR 1.4928862 | 0.9947865 0.04
R1 05414649 | 0.9981273 0.01
GMS-5 R2 0.4745482 | 0.9982653 Z0.01
1R3 0.4725740 | 0.9988797 0.01
R1 0.3592380 | 0.9987587 0.01
TR2 . [ 0.1968675 | 0.9992525 0.01
1R3 Pr- 1m5.3785336 | 0.0991187 <001
R4 2.3473427 | 0.9969755 0.01
MTSAT-1R R1 0.3572322 | 0.9987653 0.01
TR2 4 | 01973607 | 0.9992507 0.01
1IR3 red- 03785336 | 0.9991187 <0.01
R4 2.3473427 | 0.9969755 0.01
R1 0.3597581 | 0.9987568 0.01
TR2 . [ 02195110 | 0.9991676 0.01
R3 Prl 1m53645235 | 0.9991492 2001
R4 2.4635230 | 0.9967825 0.01
MTSAT-2 IR1 0.2966406 | 0.9989761 0.01
IR2 L | 02178758 | 0.9991738 0.01
R3 T 170.3656788 | 0.0991465 <0.01
R4 2.4635230 | 0.9967825 0.01
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Table 4 . Band correction coefficients ¢ and ¢, to estimate effective temperatures T¢ by quadratic
approximation 7€ = c; + coT? + c3(T%)? and T° ~ ¢} + 4T° + &4(7¢)? and the maximums of their
approximation errors regarding the wavelength space sensor Planck functions of the infrared
channels aboard the GMS and MTSAT satellites.

. Infrared , , , Max 7
Satellite Channel Attr. c1 c2 cs ) ch C3 approx.
error (K)
GMS-1 IR 2.1739490 | 0.9791172 | 4.1759692E-05 | —2.1817683 | 1.0209681 | —4.1969539E-05 0.009
GMS-2 IR 1.6798319 | 0.9843034 | 3.0608365E-05 | —1.6860172 | 1.0157599 | —3.0757067E-05 0.012
GMS-3 R 2.1200871 | 0.9797705 | 4.0157925E-05 | —2.1282302 | 1.0203168 | —4.0369900E-05 0.006
GMS-4 IR 2.1269392 | 0.9801082 | 3.8752504E-05 | —2.1368981 | 1.0199941 | —3.8993146E-05 0.016
IR1 0.7111546 | 0.9935676 | 1.2136121E-05 | —0.7125571 | 1.0064461 | —1.2167103E-05 0.002
GMS-5 IR2 0.6479390 | 0.9937658 | 1.2490126E-05 | —0.6486170 | 1.0062416 | —1.2508447E-05 0.001
1IR3 0.5122104 | 0.9970471 | 3.5378774E-06 | —0.5134561 | 1.0029615 | —3.5519829E-06 0.002
IR1 0.4746729 | 0.9957123 | 8.0823363E-06 | —0.4753011 | 1.0042938 | —8.0961650E-06 0.001
IR2 . 0.2741618 | 0.9972546 | 5.7170626E-06 | —0.2742102 | 1.0027461 | —5.7190435E-06 0.001
1IR3 PI. 04155519 | 0.9976524 | 2.7747359E-06 | —0.4163631 | 1.0023531 | —2.7836723E-06 < 0.001
MTSAT-1R 1R4 2.1036979 | 0.9948183 | 5.7978708E-07 | —2.1146451 | 1.0052110 | —5.8833453E-07 0.013
IR1 0.4753408 | 0.9957060 | 8.0948579E-06 | —0.4759705 | 1.0043002 | —8.1087224E-06 0.001
IR2 red 0.2748845 | 0.9972477 | 5.7310841E-06 | —0.2749333 | 1.0027530 | —5.7330790E-06 0.001
1IR3 © | 0.4155519 | 0.9976524 | 2.7747359E-06 | —0.4163631 | 1.0023531 | —2.7836723E-06 < 0.001
R4 2.1036979 | 0.9948183 | 5.7978708E-07 | —2.1146451 | 1.0052110 | —5.8833453E-07 0.013
IR1 0.3900753 | 0.9964824 | 6.6180161E-06 | —0.3905040 | 1.0035218 | —6.6274208E-06 0.001
IR2 i 0.3087566 | 0.9969113 | 6.4263076E-06 | —0.3088204 | 1.0030896 | —6.4288638E-06 0.001
1IR3 pri. 0.3997151 | 0.9977351 | 2.6829562E-06 | —0.4004666 | 1.0022700 | —2.6912692E-06 < 0.001
MTSAT-2 IR4 2.2408179 | 0.9943882 | 9.4101981E-07 | —2.2534426 | 1.0056474 | —9.5569282E-07 0.014
TR1 0.3882926 | 0.9964987 | 6.5868963E-06 | —0.3887176 | 1.0035054 | —6.5962170E-06 0.001
1R2 red 0.3065211 | 0.9969338 | 6.3793112E-06 | —0.3065841 | 1.0030671 | —6.3818322E-06 0.001
1IR3 © | 0.4009771 | 0.9977280 | 2.6912737E-06 | —0.4017333 | 1.0022771 | —2.6996390E-06 < 0.001
1R4 2.2408179 | 0.9943882 | 9.4101981E-07 | —2.2534426 | 1.0056474 | —9.5569282E-07 0.014
#5 1FRKALEFL, 22720, WHEME YT T Y7 BB,
Table 5: The same table as Table 4, but for the wavenumber space sensor Planck functions.
. Infrared , , . Max T°
Satellite Channel Attr. 4 c2 cs3 ci Ca c3 approx.
error (K)
GMS-1 R 2.2757022 | 0.9884318 1.1793267E-05 | —2.2992685 | 1.0117148 | —1.2013300E-05 0.003
GMS-2 IR 1.7428946 | 0.9911486 9.4229928E-06 | —1.7565093 | 1.0089361 | —9.5518013E-06 0.008
GMS-3 IR 2.2231054 | 0.9890761 1.0258679E-05 | —2.2453430 | 1.0110581 | —1.0452023E-05 0.003
GMS-4 R 2.2092520 | 0.9890098 1.1306309E-05 | —2.2309816 | 1.0111233 | —1.1504885E-05 0.012
IR1 0.7365781 | 0.9965505 3.0927987E-06 | —0.7389203 | 1.0034631 | —3.1116802E-06 0.001
GMS-5 IR2 0.6799212 | 0.9966061 | 3.2533698E-06 | —0.6820071 | 1.0034067 | —3.2719585E-06 0.001
IR3 0.5137734 | 0.9985460 | 6.5603058E-07 | —0.5145124 | 1.0014567 | —6.5830339E-07 < 0.001
IR1 0.4912293 | 0.9976921 2.0915292E-06 | —0.4922710 | 1.0023139 | —2.0999958E-06 < 0.001
1IR2 . 0.2909072 | 0.9984928 1.4895605E-06 | —0.2912983 | 1.0015096 | —1.4932396E-06 < 0.001
1IR3 Pr 54165452 | 0.9988113 6.0328185E-07 | —0.4170332 | 1.0011905 | —6.0493393E-07 < 0.001
MTSAT-1R 1R4 2.1123854 | 0.9988582 | —3.6631133E-06 | —2.1144786 | 1.0011233 3.6944401E-06 0.013
IR1 0.4919295 | 0.9976888 2.0943914E-06 | —0.4929742 | 1.0023173 | —2.1028824E-06 < 0.001
1R2 red 0.2916617 | 0.9984889 1.4936890E-06 | —0.2920549 | 1.0015136 | —1.4973874E-06 < 0.001
1IR3 * | 0.4165452 | 0.9988113 6.0328185E-07 | —0.4170332 | 1.0011905 | —6.0493393E-07 < 0.001
1IR4 2.1123854 | 0.9988582 | —3.6631133E-06 | —2.1144786 | 1.0011233 3.6944401E-06 0.013
IR1 0.4036895 | 0.9981173 1.6749284E-06 | —0.4043903 | 1.0018867 | —1.6805293E-06 < 0.001
TR2 i | 0-8272747 | 0.9982972 1.7062262E-06 | —0.3277700 | 1.0017059 | —1.7109333E-06 < 0.001
IR3 Prl 754006764 | 0.9988567 | 5.7395127E-07 | —0.4011279 | 1.0011449 | —5.7546785E-07 < 0.001
MTSAT-2 1R4 2.2501750 | 0.9984906 | —3.3205914E-06 | —2.2533066 | 1.0014931 3.3511279E-06 0.014
IR1 0.4018352 | 0.9981259 1.6677086E-06 | —0.4025296 | 1.0018781 | —1.6732590E-06 < 0.001
IR2 red. | 0-3248957 | 0.9983095 1.6944332E-06 | —0.3253838 | 1.0016936 | —1.6990730E-06 < 0.001
1IR3 © | 0.4019425 | 0.9988532 5.7571149E-07 | —0.4023968 | 1.0011485 | —5.7723752E-07 < 0.001
R4 2.2501750 | 0.9984906 | —3.3205914E-06 | —2.2533066 | 1.0014931 | 3.3511279E-06 0.014






