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Table 1 Calibration parameters for the HJ-1B thermal infrared channel

A
28
2008 2009 2010 2011 2012 2013 2014 2015
gaz'ns* 61.472 59.421 60.713 56.277 47.744 — — —
bias —44.598 —25.441 —25.441 12.625 70.185 — — —

-2 -1

TE: SAACADNAW m s m); 20134F, 20144EF1201 54 ERRSCIE i R AL S LIS NI BRI E AR S

K2

FEHEITREMAE)SITER

Table2 Mean Absolute Errors(MAE)of radiation

/(W-mﬁz-sril -I.mel)

20084 20094 20104F 201 14F 20124F
20084 — 0.082 0.203 0.257 0.693
20094 0.082 — 0.192 0.191 0.615
20104F 0.203 0.192 — 0.190 0.709
20114F 0.257 0.191 0.190 — 0.537
20124F 0.693 0.615 0.709 0.537 —
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Table 3 Calibration parameters stored in the imagery header files
XM2009 WH2010 S72011 S72012 BI2011 BI2012
ERIGhy 2009-11-06 2010-10-31 2011-07-05 2012-03-26 2011-01-25 2012-01-23
path/row 452/90 455/77 454/90 454/91 454/70 453/70
gains 61.472 59.421 60.713 56.277 60.713 56.277
bias -44.598 -25.441 -25.441 12.625 -25.441 12.625
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Table 4 Absolute differences in calibrated radiation caused by using different calibration parameters(ones issued in the same year as the

imagery acquisition, and ones stored in the imagery header file)

/(W-mfz-sr’] -;,Lm")

XM2009 WH2010 S72011 572012 BJ2011 BJ2012
/MR 22 0.000 0.015 0.000 0.000 0.077 0.080
R M2 0.054 0.058 0.079 0.072 0.149 0.341
S 2 0.025 0.038 0.020 0.034 0.098 0.110
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Fig. 3 Current routine of field calibration for HJ-1B and illustration of the proposed methodology in this paper
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Table 5 Assessments of the brightness temperature of the two interested regions

BJ2011 BJ2012
A B C D E A B C D E
SE/K -0.51 1.39 2.79 0.61 0.85 —0.86 0.22 3.27 -0.22 -0.52
RMSE 0.59 1.43 2.81 0.68 0.90 0.93 0.42 3.29 0.43 0.63
MAE 0.51 1.40 2.80 0.61 0.85 0.87 0.23 3.22 0.26 0.54
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Table 6 Comparison among different calibrations

In situ MODIS A B C D E
SRR SE R /Weom st um — — 7.703 7.767 7.854 7.760 7.681
R4 {E/K 291.92 292.05 291.48 292.22 293.21 292.14 291.24
T 291.78 291.98 291.36 292.10 293.11 292.00 291.11
TR bR 0.59 0.35 0.42 0.39 0.37 0.44 0.43
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Abstract: Radiometric calibration is a procedure to obtain at-sensor radiance from digital number records. Accurately calibrated radiation is

critical in retrieving brightness temperatureand Land Surface Temperature (LST). Uncertainty in radiometric calibration typically becomes

increasingly obvious because of the decay of the sensor during in-orbit operation. In practice, radiometriccalibration is determined by calib-
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ration parameters. In this study, radiometric calibration of the HJ-1B thermal channel and the effects of calibration uncertainty on LST re-
trieval are investigated.

A sensitivity model based on the radiative transfer model is proposed to assess the effects of radiometric calibration on LST retrieval.
The calibration parameters for HJ-1B imagery are not updated in a timely manner (always annually); this lack of timeliness inevitably res-
ults in errors in radiometric calibration. Therefore, two methods are proposed for two specific cases to estimate radiation properly. These two
methods are linear interpolation and linear extrapolation.

The sensitivity model shows that in terms of the numerical value, the ratio of radiometric calibration deviation to the LST error is ap-
proximately 1:11. Under a moderate condition, a 0.1 (W-mﬁz-srfl-umfl) uncertainty in radiometric calibration may result in an error of 1.1 K
in the final LST result. Simulations based on the calibration parameters of the HJ-1B thermal channel are conducted. The errors in radiomet-
ric calibration result from the improper selection of calibration parameters. Generally, even the calibration differences between two neigh-
boring years are considered. The mean absolute errors of LST that approximate 1.0—2.0 K and highly significant LST errors (larger than 5.0
K) could be obtained under poor conditions. Case studies show that the calibration parameters in the header file of the HJ-1B imagery are al-
ways the parameters updated in the previous year or even two years ago. The calibration parameters for the HJ-1B thermal channel have not
been updated since 2012. Thus, two estimation methods based on linear models are proposed to obtain radiometric calibration properly. A
case study illustrates that under the current situation, the proposed estimation methods are simple but effective. Therefore, they are recom-
mended to general users as references and for application.

The calibration parameters in the header file of the HJ-1B imagery are always not updated timely and frequently. Thus, uncertainty in
the radiometric calibration of the HJ-1B thermal channel is inevitable. The LST errors resulting from radiometric calibration uncertainty are
influenced by several factors, including surface characteristics (i.e., temperature and emissivity) and atmospheric conditions. The actual ef-
fects depend on seasonal and regional variations, which emphasize the challenge of accurately obtaining LST from the HJ-1B thermal chan-
nel. Two methods are proposed and assessed for the radiometric calibration of the HJ-1B thermal channel. Although the estimation methods
are generally acceptable because of their simplicity and effectiveness, additional efforts are required to clarify the actual performance of the
sensor. General users should consider radiometric calibration uncertainty in quantitative applications of the HJ-1B thermal imagery.

Key words: radiometric calibration, thermal remote sensing, land surface temperature, sensitivity, HJ-1B
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