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Abstract To ensure the validity and reliability of the secondary inversion data of environmental trace gases
monitoring instrument (EMI), it is necessary to monitor the radiometric calibration accuracy and stability of the
instrument in orbit for a long time. First, according to the solar spectrum and sub star radiance data measured by
EMI in orbit, the surface reflectance time series of the selected data area of permanent ice and snow surface in
Antarctica and Greenland are calculated, and the fourth-order bidirectional reflectance distribution function (BRDF)
model between the solar zenith angle and the surface reflectance is established. Then, the surface reflectance data
series from 2018 to 2020 are normalized by the fourth-order BRDF model, and the indicators representing the
calibration accuracy and stability of EMI are obtained. The results show that the correlation coefficient between the
predicted value of surface reflectance obtained by BRDF model and the measured value is better than 0.9. After
normalizing the surface reflectance with the BRDF model, the uncertainty of radiometric calibration ranges from 2%
to 5% . The total attenuation of UV2 and VISI channels range from —5% to 5% in two years, and that of VIS2

channel is about 1.9%, which indicates that the radiation response of EMI is stable during two years of operation in orbit.
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Table 1 Main indexes of EMI

Index

Value

Spectral range /nm

Spectral resolution /nm
Spectral accuracy /nm

Total field of view /(%)

UV1: 240-315;
UV2: 311-403;
VIS1: 401-550;
VIS2: 545-710

0.3-0.5
<0. 05

+57(2600 km X 6.5 km)

UV: 1032 (space dimension) X 1072 (spectral dimension) ;

CCD detector /(pixel X pixel)

VIS: 576 (space dimension) X 1286 (spectral dimension) ;

UV: 13 (flight direction) X 8 (swath direction, binning factor is 4 in swath direction) ;

Spatial resolution /(km>Xkm)

VIS: 13 (flight direction) X 12 (swath direction, binning factor is 4 in swath direction) ;

EIM load
>
flight direction
VIS-channel ¥ viewing angle
wavelength 2-dimensional +57°
1286 pixel

‘_"‘ I‘?i‘,‘fj 12 km
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‘ 600 km |
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Fig. 1 Earth observation mode of EMI
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Fig. 2 Statistical characteristics of TOA in data areas of Antactica and Greenland obtained by EMI.

(a) Antactica; (b) Greenland
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Table 2 Fitting parameters of fourth-order BRDF model of Antarctica
Channel Wavelength /nm k k., k, ko, k, R*? RMSE
340 0. 5544 1.7801 —5.2263 9.9608 —7.4824 0.9630 0.0100
Uuv2
360 0. 6755 1.2769 —3.0360 5.7084 —4.3917 0.9416 0.0128
420 0.5527 1.6586 —3.4727 7.3200 —7.6232 0. 9440 0.0131
VISI
460 0.5744 1.5196 —2.7161 5.7622 —6.5744 0.9332 0.0141
580 0.1730 4.3089 —12.5960 21.6051 —15. 8983 0.9481 0.0147
VIS2
600 0.1414 4.4724 —13. 3826 22.7426 —16. 2404 0.9468 0.0145
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Table 3 Fitting parameters of fourth-order BRDF model of Greenland

Channel Wavelength /nm k, k. k, k, k, R* RMSE
U2 340 0. 3081 4.4584 —16.5294 29. 1641 —18. 6481 0.9482 0.0119
360 0.4691 3.1984 —10. 6894 17. 9890 —10.9782 0. 9386 0.0151
VIS 420 0.7149 —0.2122 2.4285 —1.4473 —1.7026 0. 8837 0.0174
‘ 460 0.6629 0.2787 1.1021 0. 0486 —2. 2849 0. 9059 0.0160
VIS? 580 0.7166 —1.1242 4.7845 —3.3452 —1.3791 0.9015 0.0170
600 0.6937 —0.9265 3.5245 —0.8956 —2.8788 0.9015 0.0166
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Fig. 6 Times series and radiation response degradation results of normalized TOA over Antarctica and Greenland
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Table 4 Parameters of surface radiation response time series monitoring model, uncertainty statistics and

decay analysis of EMI

Channel Wavelength /nm Intercept Slope Standard deviation /% Total drift /%

340 0.996219 0.000010 1. 7104 0.4199

uvz 360 0.995436 0.000016 1.7237 0.6491

. 420 0.999276 0. 000005 1. 8893 0.1949

VISt 460 1. 000994 —0. 000006 1. 9864 —0.2399

. 580 1. 010591 —0. 000046 4. 8066 —1.9114

visz 600 1.011024 —0.000037 5.1285 —1.5165
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