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Abstract In order to improve the calibration frequency of optical satellite remote sensors, a high-frequency absolute
radiometric calibration method based on the surface hyperspectral bidirectional reflectance distribution function
(BRDF) model is proposed, and the long time series absolute radiometric calibration of Suomi-national polar-
orbiting partnership spacecraft (Suomi-NPP) visible infrared imaging radiometer suite ( VIIRS) is realized. The
principle of the absolute radiometric calibration method based on the surface hyperspectral BRDF model is
introduced. In April 2018 and August 2018, the surface directional reflectance of the Dunhuang test site was
measured by the hyperspectral BRDF manual measurement system, and the hyperspectral BRDF model parameters
of the Dunhuang site were inversed based on the semi-empirical kernel-driven model. Based on the BRDF models,
the apparent reflectance of VIIRS M1-M11 bands in the whole year of 2018 was calculated, and compared with the
satellite-observed ones. The results show that the effective calibration number of Suomi-NPP VIIRS is 51 in 2018,
the relative deviation of model-calculated apparent reflectance and satellite-observed ones of the M1-M7 bands is less
than 3.23% . The proposed method can effectively improve the calibration frequency of satellite and track the change
of radiometric characteristics of the load in time.
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Fig. 1 Relative spectral response function of Suomi-NPP VIIRS

at different wavelength bands (M1-M5, M7-M8, M10-M11)
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Table 1 Atmospheric and geometric parameters during sensor time

Date Universal time AOD550 Water vapor Ozone SZA /() SAA /() VZA /() VAA /(®
2018-01-23 6:36 0.06 0.51 0.30 60.37 —168.66 2.93 84.51
2018-03-23 6:48 0.08 0.64 0.32 40.18 —164.25 13.26 76.60
2018-07-11 7:06 0.09 2.01 0.32 24.66 —131.12 41.01 —96.83
2018-09-27 7:42 0.06 0.32 0.30 51.57 —135.73 67.95 —90.95
2018-10-05 6:54 0.06 0.45 0.31 48.89 —151.56 25.95 —98.94
2018-12-17 7:24 0.07 0.34 0.30 68.33 —153.26 57.60 —93.54
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Table 2 Relative deviation of sensor-observed and model-calculated apparent reflectances
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Date M1 M2 M3 M4 M5 M7 MS8 M10 M11
(411 nm) (444 nm) (486 nm) (551 nm) (672 nm) (862 nm) (1238 nm) (1602 nm) (2257 nm)
2018-01-23 1.63 2.77 2.48 2.52 1.75 1.76 —4.26 —5.74 —6.93
2018-03-23 1.79 1.68 —0.16 —1.41 —2.92 —2.64 —4.75 —6.17 —4.88
2018-07-11 1.09 1.30 1.56 1.77 2.35 3.05 —2.00 —1.29 —4.07
2018-09-27 0.82 1.08 1.17 3.05 2.61 1.80 —2.11 1.65 —3.68
2018-10-05 1.58 1.52 2.01 1.42 2.76 2.78 —1.66 —1.18 —4.96
2018-12-17 0.78 0.44 —0.81 0.67 1.80 0.04 —1.26 0.90 —2.91
Mean /% 1.28 1.47 1.37 1.81 2.37 2.01 2.67 2.82 4.57
Std /% 0.44 0.77 0.84 0.85 0.49 1.10 1.46 2.44 1.39
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Fig. 8 Suomi-NPP VIIRS long time series calibration results at different wavelength bands.
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Table 3 Mean and standard deviation of the Suomi-NPP VIIRS long time series calibration results
M1 M2 M3 M4 M5 M7 M8 M10 M11
Band
(411 nm) (444 nm) (486 nm) (551 nm) (672 nm) (862 nm) (1238 nm) (1602 nm) (2257 nm)
Mean /% 1.26 1.56 1.46 1.62 1.63 1.68 3.11 3.78 5.12
Std /% 0.76 0.96 0.99 0.98 0.91 1.08 1.47 2.00 1.76
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