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Surface Reflectance Spectral Characteristic Model of Desert Calibration
Site Network in Northwest China

He Xingwei, Hu Xiuqing , He Lingli, Wang Ling, Tao Bingcheng, Hu Wenjie, Feng Xiaohu
National Satellite Meteorological Center, Beijing 100081, China

Abstract Ten typical radiometric calibration sites are selected for radiometric calibration and instrument
performance tracking in northwest China. Simultaneous observation of reflectivity spectrum is realized by ground
hand-held spectrometer and low-altitude unmanned aerial vehicles (UAVs)during satellite transit. The reflectance
spectral differences of multiple sites are compared systematically, and the spectral characteristic analysis and
parameter modeling of multiple sites are carried out. The spectral shape of the same site varies little at different
time in one day, and the spectral angle is less than 5°. The variation of spectral amplitude is mainly affected by solar
zenith angle and atmospheric conditions, and the spectral amplitude varies little at the same time in different days.
The spectral shapes and amplitudes of different sites are quite different. The spectral curves of the same site at
different observation scales are basically the same. Through the analysis, it is found that when the wavelength is
less than 1100 nm, the spectral curves of all desert sites are similar to the curves of triangular arctangent function.
Based on the arctangent function, the surface reflectance spectral modeling is carried out. The root mean square
error of the measured and simulated spectra of each site is within 0.6%, and the correlation coefficient is above
0.99. The results show that the four-parameter spectral model can accurately describe the reflectance spectra of
desert sites. The surface reflectance calculated by the model is used to calibrate the FY-3D medium resolution
spectral imager (MERSI) site instead of the measured surface reflectance, it is found that compared with the results

calculated based on the measured spectra, the relative deviation of each band of MERSI obtained by the model is less
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than 3%, indicating that the desert four-parameter reflectance spectral model can be well applied to the calibration of
MERSI.

Key words remote sensing; surface reflectance spectrum; desert calibration site network; arctangent function;

spectral modeling
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Table 1 Latitude and longitude information of 10

calibration sites

Site Longitude /(°) Latitude /(°) Full name
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XCDH_W 95.075 37.432 Xiaochaidan_West
DHUANG 94. 270 40. 180 Dunhuang

BDJL 99. 817 40. 278 BadainJaran

ALSH 105. 150 38. 687 Alashan
WHAI_W 106. 637 39. 668 Wuhai_West

MQIN 103. 320 38.437 Mingin
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Fig. 1 Schematic diagram of UAV observation scheme
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Fig. 2 Surface reflectance spectra of different sites at different times. (a) Surface reflectance spectra of XCDH_W at
different times on August 11, 2019; (b) surface reflectance spectra of SHDBAN at different times on August 13,
2019; (c¢) spectral comparison among XCDH _ W, SHDBAN and DHANG at same time or adjacent time;
(d) Comparison of reflectance spectra among XCDH_W, SHDBAN, DHANG, YCZG, DAZH_E and DAZH_W
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Fig. 3 Surface reflectance spectra at different scales. (a) Comparison between surface reflectance spectra measured by SVC
and spectra of MCD43 reflectance product at XCDH_W and SHDBAN; (b) comparison between surface reflectance
spectra measured by UAV and SVC at XCDH_W and SHDBANC
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Fig. 4 Schematic diagram of spectral angle
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Table 2 Relative deviation of reflectance between SVC and MODIS observations unit: %
Site Band1l Band2 Band3 Band4 Band5 Band6 Band7
SHDBAN —0.702 —1.028 7.628 2.435 —1.970 —0.672 1. 357
XCDH W —5.599 —2.492 2.154 —2.936 —2.938 —2.502 1. 208

# 3 SVC M UAV WL #9551 0% 5L 15 1 \RMSE Al R
Table 3 Spectral angle, RMSE and R of reflectance spectra
observed by SVC and UAV

Site Spectral angle /(°)  RMSE /% R
SHDBAN 1. 325 0.214 0. 930
XCDH W 1. 855 0.106 0.976
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Fig. 5 Sensitivity analysis of surface reflectance with four parameters. (a) Surface reflectance varying with A ;

(b) surface reflectance varying with 8; (c) surface reflectance varying with a; (d) surface reflectance varying with B
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Fig. 6 Comparison between measured and simulated reflectance spectra of calibration sites. (a) ALSH, WHAI W, BDJL;
(b) YCZG, XCDH_W, DAZH W, DAZH_E;(c) MQIN, DHUANG, SHDBAN
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Table 4 Spectral model parameters and statistical factors for different sites
Site Date A a B B RMSE /% R
XCDH_W 20190811 0.1793 515. 6907 0.2203 0.0088 0.57 0.9970
YCZG 20190810 0.1126 547. 8787 0.1830 0.0125 0. 45 0.9970
DAZH_E 20190809 0.1211 516. 6077 0.1787 0.0120 0. 44 0.9978
DAZH_W 20190810 0. 1558 519. 3605 0.1923 0.0103 0.47 0.9983
ALSH 20200907 0.1795 557. 8375 0.1760 0.0113 0.58 0. 9984
WHAI_ W 20200904 0.1687 536. 9448 0.1702 0.0104 0.52 0.9984
BDJL 20200918 0.1758 550. 5018 0.1696 0.0096 0. 50 0. 9986
SHDBAN 20190813 0.0994 512. 0815 0.1469 0.0099 0. 34 0. 9966
DHUANG 20190812 0.0824 483. 9507 0.1891 0.0134 0. 44 0.9943
MQIN 20200917 0. 1450 536. 4028 0.1726 0.0131 0.48 0.9983
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Table 5 Observational geometry and atmospheric parameters of SHDBAN and XCDH_W

Solar zenith View zenith

Total column Total column

Relative azimuth

Site Date ) . . water vapor / ozone / AOD
angle /() angle /() angle /() .
(kgecm °) atm-cm
SHDBAN 20190813 26.01 22.29 130. 25 0.123 2.59 0.133
XCDH_W 20190811 29.07 37.55 36. 60 0.112 2.43 0.068
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Fig. 7 Relative deviation of reflectance of top of
atmosphere for different MERSI channels based

on two different surface reflectance spectra
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