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Abstract: The currently used single-channel algorithms for land surface temperature (LST) retrieval are mainly proposed
for sensors with limited scopes. The coverage of the infrared camera (IRS) onboard HJ-1B satellite is broad, and the view
zenith angle of IRS channel 4 can reach +33°. Therefore, the effects of view angle should be eliminated when retrieving
LST with IRS4. Based on atmospheric radiative transfer simulation, this research explored a look-up table for view zenith
angle ( VZA) -coefficients of atmospheric functions and then proposed an improved single-channel algorithm for estimating
LST from IRS4 images. According to the fact that the overpass time of HJ-1B and Terra are very close, the research investi-
gated the possibility to integrate the water vapor provided by MODIS into the improved single-channel algorithm. In addi-
tion, this research proposed a practical routine to calculate the land surface emissivity of IRS4. Validation shows that the
average absolute error of the improved algorithm is below 1. 1K, which is about 0. 1 ~0. 7K lower than the algorithm without
considering the view zenith angle. Application to the HJ-1B satellite imagery indicated that land surface temperatures re-
trieved with the improved algorithm are consistent with those provided by MODIS product.
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Table 1 Look-up table of VZA-coefficients of atmospheric
functions for the improved single-channel algo-

[ ]
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rithm
VZA c; i=1 i=2 i=3
j=1 0. 0890 -0.6334 -0.0665
0° j=2 -0.0571 -1.1559 1.6569
j=3 1.0923 -0.2915 -0.1656
j=1 0. 0897 -0.6393 -0.0664
5° j=2 -0.0587 -1.1438 1.6568
j=3 1.0932 -0.2971 -0.1656
j=1 0.0921 -0.6574 -0.0664
10° j=2 -0.0636 -1.1068 1. 6564
j=3 1.0958 -0.3142 -0.1656
j=1 0. 0964 -0.6894 -0.0663
15° j=2 -0.0724 -1.0402 1.6559
j=3 1. 1006 —-0.3448 -0.1657
j=1 0.1028 -0.7377 -0.0662
20° j=2 -0.0860 -0.9381 1. 6551
j=3 1.1079 -0.3913 -0.1657
j=1 0.1121 -0.8073 -0.0660
25° j=2 -0.1062 -0.7862 1. 6540
j=3 1.1185 -0.4598 -0.1658
j=1 0.1252 —-0.9055 —-0.0658
30° j=2 -0.1359 -0.5653 1.6526
j=3 1.1336 -0.5584 -0.1659
j=1 0. 1439 —-1.0448 -0.0656
35° j=2 -0.1799  -0.2387 1.6508
j=3 1.1556 -0.7026 -0.1660
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Fig. 1  Differences between the water vapor contents under
slant and nadir observations
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Fig.2 Sketch map of the look-up table for VZA-k
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Table 2 The mean absolute error and root-mean square er-
ror of the improved algorithm under 6 standard at-
mospheric conditions ( * denotes the RMSE)

LST [ 3 (-3 2 %) 4 2 5 3 7 iR 2 (K)

VZA el WAbB b R EE .
HE &F  HFE  &KF 19764 N7

0° 1.9 0.3 0.5 0.6 0.6 3.6
1.9* 0.3* 0.5* 0.6 0.6 3.6"
50 1.9 0.3 0.5 0.6 0.6 3.5
1.9* 0.3* 0.5* 0.6 0.6* 3.5%
10° 2.0 0.3 0.5 0.7 0.6 3.5
2.0* 0.3* 0.5* 0.7* 0.6 3.6"
150 2.0 0.3 0.5 0.7 0.6 3.7
2.0* 0.4* 0.5* 0.7* 0.7* 3.7%
20° 2.1 0.3 0.5 0.7 0.7 3.9
2.1 0.4 0.5* 0.7* 0.7* 3.9*
250 2.3 0.4 0.5 0.8 0.8 4.2
2.3* 0.4 0.5* 0.8" 0.8 4.2
300 2.5 0.4 0.5 0.9 0.9 4.4
2.5 0.5* 0.5* 0.9* 1.0*  4.4*
350 2.7 0.5 0.5 1.0 1.1 4.9
2.8 0.5* 0.5* 1.0* 1.2 4.9*°
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Table 3 The mean absolute error and root-mean square
error of the original algorithm proposed by Duan
et al. (2008) under 6 standard atmospheric con-
ditions ( * denotes the RMSE)

LST [ (P-4 4 %1% 22 5 B kiR 22 (K)
VZA WA WAL S R4 XE

5E &% HE &% 19%64 N0
0° 1.3 1.4 0.8 0.9 0.2 4.0
1.3* 1.4* 0.8* 0.9* 0.2* 4.0*
50 1.3 1.4 0.8 0.9 0.2 4.0
1.3* 1.4* 0.9* 0.9* 0.2* 4,.1*
100 1.4 1.4 0.9 0.9 0.1 4.2
1.4* 1.4* 1.0* 0.9* 0.2* 4.2*
150 1.5 1.5 1.1 1.0 0.1 4.4
1.5* 1.5* 1.2* 1.0* 0.2* 4.5*
200 1.7 1.5 1.3 1.1 0.2 4.7
1.7* 1.6* 1.4* 1.1* 0.2* 4.8*
250 2.0 1.6 1.6 1.2 0.3 5.1
2.0* 1.6* 1.7* 1.3* 0.4* 5.3*
300 2.4 1.8 2.0 1.4 0.5 5.7
2.4% 1.8* 2.2% 1.4* 0.6* 5.9*
350 2.8 1.9 2.5 1.7 0.8 6.4

2.9% 1.9* 2.7* 1.7* 0.9 6.7%

MEIER IR ZEXT VZA B 55, b4k, LST
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Fig.3 Absolute errors of the algorithms with different LST and VZA (a)the improved algorithm under mid-latitude
summer atmosphere (b)the original algorithm under mid-latitude summer atmosphere ( c¢)the improved algorithm

under mid-latitude winter atmosphere (d)the original algorithm under mid-latitude winter atmosphere
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Fig.4 Error on LST due to the errors on the water vapor con-
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uct (12;20) (b) LST retrieved with the improved algorithm
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Fig.6 Biases of LST retrieved with the improved algorithm and
the original algorithm from MOD11A1 product (a) histograms of
the biases (b) biases along the selected transect
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