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MODIS & & §F i B 83 (1999 4F Z /i), mk# Y4
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Fig. 1

Time series of monthly average and standard deviation of the surface BRDF model parameters over global stable

desert targets based on MCD43A1 from 2008 to 2012
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Reflectance predicted from monthly BRDF (B01)
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Table 2 Accuracy of domestic desert target’s surface radiometric reference model (mean relative bias %+standard deviation % )
o) P B1 B2 B3 B4 BS B6 B6

645 nm 865 nm 460 nm 555 nm 1240 nm 1240 nm 2130 nm
1 DAZH_W 03+33 0.5+3.1 0.5+£3.3 03+34 0.2+2.7 -0.1+2.2 03+24
2 LBPO_W 1.0+ 1.6 1.1x£15 1.2+2.0 09+1.6 0.6x14 0.4+1.7 02+1.7
3 XCDH_W 1.3+£29 1.2+2.7 1.4+32 1.5+29 1.0+24 0.8+1.8 0.8+2.0
4 WULBHE 0.7+1.7 0.7+1.7 0.6+2.0 04+1.6 03+1.6 04+1.7 0.1+2.0
5 TKLM_5 1.4+£2.7 1.5+26 0.7+33 1.2+3.0 09+24 0.8+23 0.7+2.7
6 TKLM_1 0.6 2.2 0.7+22 04+45 0.2+2.6 0.2+2.0 03+22 -0.1£2.2
7 TKLM_3 09+27 1.0+2.7 0.7+3.5 0.7+2.8 02+24 -0.01 £3.1 -0.02+£2.5
8 TNGR_2 0.6+1.5 09=x15 0.6+1.7 04+1.6 05+14 04+15 0.1+22
9 TNGR_1 05+1.5 0915 04+19 02+1.7 05+14 04+14 02+1.7
10 BDJL_2 1.8+ 1.5 19+14 1.7+£2.0 20+ 1.7 12+1.1 1.3+1.2 1.2+1.4
11 BDJL_1 09+1.1 1.2+1.0 0.7+13 0.8+1.2 0.8+ 1.0 0.7+0.9 04=+1.1
12 DHUNG — — — — — — —
13 JINT_1 -24+28 -23+2.7 -2.0+2.9 -1.9+24 -24+2.6 -24+24 -23+22

T UKL S fe KR 22

®3 ESMNIRBIMERESEEREEE (HAXHRE iR EE%)

Table 3 Accuracy of foreign desert target’s surface radiometric reference model (mean relative bias % + standard deviation % )

[y g3 B1 B2 B3 B4 B5 B6 B6
645 nm 865 nm 460 nm 555 nm 1240 nm 1240 nm 2130 nm
1 Libya 4 0.2+0.6 0.1+0.6 0.2+0.6 0.2+0.7 -0.1+£0.7 -0.1+£0.8 -0.2+0.8
2 Mauritania 1 0.1£14 0.1+1.3 02+14 0.5+1.5 -0.1+1.2 -0.1+1.1 -04+2.1
3 Mauritania 2 05+1.0 03+1.0 0.6+ 1.0 0.6+1.2 0.2+0.8 0.3+0.9 0.1+1.0
4 Algeria 3 0412 0.5+£1.0 0.5+1.2 0.6+14 04+1.0 0312 02+1.5
5 Libya 1 0.4+0.6 0.3+0.7 0.3+0.7 0.4+0.7 03x09 0.3+0.8 0.2+0.9
6 Algeria 5 0.9+09 0.7+0.7 1.0+ 1.0 1312 0.6+0.8 03+1.0 0.1+1.0
7 Sonora 0.6+1.7 0914 0.5+1.8 05+1.9 03+1.2 03+1.6 02+22
8 Arabial 05+1.2 0513 0.7+1.2 0913 02+14 -02+1.0 -0.03+1.6
9 Arabia2 1.1+1.2 1.2+1.2 1.1+£1.2 09 =+1.1 1.2+1.2 1.0+1.1 1.3+1.3
10 Mali 03=+1.1 02=+1.1 03+1.3 04+14 0.3+0.9 03=+1.1 -0.01+£1.3
11 Sudanl 0.9+0.8 0.7+0.7 0.9+0.8 0.7+0.8 0.3+£0.6 0.1+04 0.1+0.5
12 Tinga_Tingana  -2.2+2.5 -27+44 -25+23 -3.4+28 -14+29 -1.5+1.3 -38+1.5
13 Niger2 0.3+0.9 0.1+£0.9 0.3+0.8 0.4£0.8 -0.002 £ 0.6 -0.03£0.6 -0.02+0.6
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Fig. 5 The mean relative bias and standard deviation of the surface directional reflectance reference model over domestic and foreign

desert targets obtained based on the 2006—2007 MCD43A1 data
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Fig. 6 Comparison of surface reflectance spectra of the stable targets calculated from the directional reflectance reference model and

the MODIS BRDF product in December 31, 2014

FY-3C VIRR bandOl @ 2014- 12 31

S5 (x100)

100 7
| Ref=—1.5018+0.1300DN (R 0.998) ,'
[ RMSE %=0.66, Num=104 A
80 - =
8 -
S 60 -
X ot
ﬁ [
R 40 - -
I L
FPICS1 CPICS
H FPICS2 1
20 FPICS3 A
[ Fitting line |
[ Operational line
0 i 1 " L 1 " " 1
0 250 500 750 1000

DN
(a) ffi FH MODIS BRDF #7 Z:507 5y

(a) Based on directional reflectance reference model

FY 3C VIRR bandOl @ 2014- 12 31

L Ref=—14096+0.1293DN (R 0.998) S
| RMSE %=0.76, Num=90 4

100

80—

(=
(=}
—T T

S
(=}
L

FPICS1  CPICS

r FPICS2 1
20 - FPICS3 ]
[ Fitting line
| Operational line
0 1 i " 1 n " 1
0 250 500 750 1000

DN

(b) {7 1i) S 8 S
(b) Based on MODIS daily BRDF product

7 T HARTT I RSSO S LT MODIS BRDF BEAISHG™ i ARA5 1 FY -3C VIRR £ 2014-12-31 (4RI Hr
Fig. 7 Calibration results of FY=3C VIRR Band 1 in December 31, 2014 based on the directional reflectance reference model and
the MODIS BRDF product respectively



2280 National Remote Sensing Bulletin  # &5 4% 2023, 27(10)

Calibration Coeff. Comparison (2014-12-31)
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Abstract: Accurate and consistent calibration for long-term satellite remote sensing data is critical to accurately estimate multi-decadal climate
variability. However, for the historical optical satellite sensors, the lack of or limited number of synchronous in situ observation of surface
Bidirectional Reflectance Distribution Function (BRDF) model data is the main difficulty to recalibrate their radiance products. This study
aims to build a surface directional reflectance reference model for some typical stable earth targets worldwide, providing a uniform surface
reflectance reference for the historical remote sensing satellites to perform a consistent recalibration of their long-term TOA radiance products.

The long-term data products from MODIS satellite instrument, well known for its high calibration accuracy and stability, are used to
establish the surface directional reflectance reference model for the selected stable earth targets. Specifically, for the desert sites, the MODIS
surface BRDF products (MCD43A1) from 2008 to 2012 are used to build a monthly climatology of the BRDF parameters as the surface
directional reflectance reference. Then, independent MODIS products, i.e., the data time is different from that used in the model construction,
are applied to verify the accuracy of the established directional reflectance reference model. Finally, to check the applicability of this model
in the radiometric calibration of satellite instruments, it was used to carry out calibration experiments on the Visible Infrared Radiometer
(VIRR) on the FY-3C, and compared with the calibration results obtained based on real-time MODIS BRDF products.
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The uncertainty estimation of the surface directional reflectance reference model over desert sites shows that the model uncertainty of
foreign desert targets is lower than that of domestic desert targets. The reference model uncertainty of foreign targets is below 3%, and the
domestic desert sites are below 4% (except TKLM_3). The model accuracy verification of the radiometric reference model shows that among
the 13 foreign desert targets, except Tinga_Tingana in Australia, the relative errors are basically within £3%, and that in Libya 4 can be less
then £1%. Six domestic desert sites, i.e., BDJL 1, BDJL 2, TNGR 1, TNGR 2, WULBHE, and LBPO_W, can achieve a sound accuracy of
within +3%, which is comparable to the stable earth targets frequently used by the international research. The radiometric calibration test on
FY-3C VIRR shows that using the directional reflectance reference model of the stable target is in good agreement with the radiometric
calibration results based on the real-time MODIS BRDF product, and the difference between the two calibration results is very small, i.e.,
the average relative bias is basically within +0.6%.

The results indicate that established directional reflectance reference model over the stable earth targets can be used in the application
of radiometric calibration of the optical satellite instruments and can solve the problem of consistent recalibration of historical data from
domestic optical satellite instruments.

Key words: remote sensing instrument, radiometric calibration, reflectance, BRDF, stable targets, MODIS
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