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Abstract In order to successfully apply the Becker and Li’s split window approach, which was proposed based on the NOAA-
9 AVHRR data, to estimate the Land Surface Temperature (LST) from the different AVHRRs and VIRR data and further to
provide a high-precision, long-time, and high-resolution LST dataset for climate change research, a modified Becker and Li’s
split widow approach is developed based on the radiative transfer equation in this paper. To begin with, the MODTRAN 4.1 is
used to generate the spectral radiance data under a variety of surface and atmosphere conditions. Then, the temperature dataset
(Ts. Ty, Ts) is built by convolving the spectral radiance data with the spectral response functions of channels 4 and 5 of the
AVHRRs and VIRR. The parameters of the Becker and Li’s split window approach are subsequently recalculated based on the
temperature dataset using the least squares regression method. As an example of validation, a single image of the AVHRR-17
over the Beijing area acquired at 03:12 UTC 27 April 2008 was used to retrieve the LST using the modified Becker and Li’s ap-
proach, and the comparison between the retrieved LST from AVHRR-17 and that from the MODIS, which was provided by the
University of Tokyo in Japan, over the same region at the same time shows that the correlation coefficient is 0. 88 and the root
mean square deviation (RMSD) is 2.1 K. Furthermore, the frequency histogram of the LST difference image shows that about
69.6% and 37% pixels in the image have the values falling within the scope of £2 K and =1 K, respectively.
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Table 1 Channel averaged emissivities for typical surface types over channel 4 or 5
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iiRUE 0.9729 0.9743 0.9730 0.9736 0.9729 0.9742 0.9726 0.9749 0.9729 0.9754
A HL 4 + 0.9734 0.9788 0.9733 0.9783 0.9733 0.9788 0.9736 0.9793 0.9731 0.9796
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1614 0.9123 0.9534 0.9106 0.9529 0.9117 0.9534 0.9160 0.9538 0.9094 0.9540
IR 0.9677 0.9772 0.9675 0.9767 0.9677 0.9771 0.9684 0.9776 0.9675 0.9779
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%
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Ak F 5 0.9956 0.9898 0.9958 0.9900 0.9957 0.9899 0.9952 0.9897 0.9957 0.9895
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Table 2 The central wave lengths in channel 4 or
5 of the AVHRR-7, -9, -11,-12, and -14
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1 e mEEm *Ldik("m) ,,,,,,,,,,,
(K) WHil 4 iHiE 5
180—225 10. 797 11.903
AVHRR-7 225—275 10. 790 11. 898
275—320 10. 785 11. 892
180—225 10. 770 11. 843
AHVRR-9 225—275 10. 764 11. 837
275—320 10. 759 11. 832
180—225 10. 790 11. 885
225—275 10. 783 11. 879
AVHRR-11
275—320 10. 778 11. 874
270—310 10. 779 11. 875
190—230 10. 869 11.952
230—270 10. 863 11. 947
AVHRR-12
270—310 10. 857 11. 942
290—330 10. 855 11.939
190—230 10. 773 11.984
230—270 10. 766 11.979
AVHRR-14
270—310 10. 760 11.974
290—330 10. 757 11.971
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Table 3 The central wave lengths and the conversion
coefficients A and B in channel 4 or 5 of the
AVHRR-15, -16, -17, -18, and the VIRR

ey @i POEEK (pm) A B
4 10. 806 0.337810 0.998719
AVHRR-15
5 11.906 0.304558  0.999024
4 10. 902 0.332380 0.998522
AVHRR-16
5 11.931 0.674623 0.998363
4 10. 796 0.271683 0.998794
AVHRR-17
5 11.907 0.309180 0.999012
4 10. 774 0.436645 0. 998607
AVHRR-18
5 12.001 0.253179 0. 999057
4 10. 829 0.200025 0.997917
VIRR
5 12. 045 0.131499 0.998205
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Fig.2 Comparison of the averaged brightness temperature (T, + T5)/2
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Fig.3 Scatter plots of the averaged brightness temperature (T, + T5)/2 versus average emissivities (a) ,

and the brightness temperature difference (T, — T5)/2 versus emissivity differences (b)

#*4 EHTF AVHRR-7.-9.-11,-12,-14.-15,-16.,-17 .,
-18 Il VIRR [ Eitilt 7 Becker F1 Li 4324 7 M 3 TR B S8 3878 b 1 2 8
Table 4 The parameters of the modified Becker and Li’s split window approach derived in this paper

for the AVHRR-7, -9, -11, -12, -14, -15, -16, -17, -18, and the VIRR

AT Ag a B Y o g R?
AVHRR-7 —0.0261 0. 1365 —0.5275 6.6165 —1.5186 7.1324 0.97
AVHRR-9 0. 1605 0.1316 —0.5628 7.0883 —1.9270 8.0914 0.97
AVHRR-11 0. 0601 0.1341 —0.5440 6. 8484 —1.9935 7.4087 0.97
AVHRR-12 —0. 0360 0.1398 —0.5287 6.5730 —0.7266 8.0381 0.97
AVHRR-14 0.0101 0. 1309 —0.4817 5. 8932 0.7642 7.8168 0.97
AVHRR-15 —0.0647 0.1345 —0.5352 6. 6874 —1.4043 7.9145 0.97
AVHRR-16 —-1.1999 0.1315 —-0.5176 6. 0441 3.7319 11. 0475 0.96
AVHRR-17 —0.2552 0.1326 —0.5250 6. 5005 —0.5190 8. 3842 0.97
AVHRR-18 -0.0118 0.1377 —0. 4659 5.7318 0. 3840 6. 7264 0.97

VIRR - 0. 1400 0.1197 —0.4891 5.6538 5. 6543 12.9238 0.97
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Table 5 The coefficients m and n for channels 4
and 5 of the AVHRR-7, -9, -11, -12, -14,
-15, -16, -17, -18, and the VIRR

ﬁz:’iz%% my ny ms ns
AVHRR-7 0.0107 0.9793 0.0034 0. 9866
AVHRR-9 0. 0109 0.9791 0.0038 0.9862
AVHRR-11 0.0108 0.9792 0.0035 0. 9865
AVHRR-12 0.0103 0.9797 0.0031 0. 9869
AVHRR-14 0.0109 0.9791 0.0029 0.9871
AVHRR-15 0. 0106 0.9794 0. 0033 0.9867
AVHRR-16 0.0101 0.9799 0.0031 0. 9869
AVHRR-17 0.0107 0.9793 0.0033 0.9867
AVHRR-18 0.0108 0.9792 0.0028 0.9872

VIRR 0. 0107 0.9793 0. 0030 0.9870
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Fig.4 Comparison between the MODIS Level 2 LST products (MOD11) measured at 03:12 UTC 27 April 2008

over the Beijing area, which were provided by the University of Tokyo in Japan (a), and that retrieved from the

AVHRR-17 image using the modified algorithm developed in this paper (b) over the same region at the same time
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