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Fig. 2  The location and images of calibration site
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Table 1 The spectral range of GF-4/PMS and MODIS

GF-4/PMS MODIS

Wt Bl /mm itz e B /mm
Band 2 450—520 Band 3 433—453
Band 3 520—600 Band 4 525—600
Band 4 630—690 Band 1 630—680
Band 5 760—900 Band 2 845—885

LN S A UMW I A R R PO NEDE TR g €7

T Hb DX 550 nm AV I G 2 JEE B ] LR BR A
0.2, HAH K KIS Bl H MODTRAN £ A1 (1)
BINSEL, S BB R S e T i 3 R
ﬁj‘ﬁﬁ'ﬂ 1. AR R 2, X BAIEIR
2 R EE R R T MATAC B34 77 B MCD 19 7%

fh (Lyapustin 25 02021).
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Fig. 4 The spectral curve of Badain Jaran desert

(Yang et al.,2017)
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IFARXT , TERA . BUR A BE RIS B ZI 29 R
PEHL T 20164F 5 H 2201849 H i 5519 13 %} GF-4
FIMODIS SLAGAE Ry AR Uk 28 SUE br 5 , 455218
Ap ) 22 . 3R 0 9 LS L Av]
FBAR B £ B2 22 A5 B AR 2 i o

KH (YangZE, 2017) 20124F 7 A 1E P Ak vb i
DS, SGiE MLk an & 4 s s ARAE (Lacherade X4 A% ) ]
4, 2013) MWFSY, ARG/ AT SRR 1 oL T

£R2 %FH GF-4F1MODIS &3 HIE B

Table 2 Information of selected GF—

4/PMS and MODIS image pairs

y BUAZ SR (AL 3R] Hifg WL R T £y NIEPSILTE AHXE 7 3L WG E
JERESER: . . ,
GF-4 MODIS  Hf[E]2%/min  GF-4 MODIS GF-4 MODIS GF-4 MODIS iy 2
2016-06-02 12:16 13:05 46 43.36 57.62 21.31 27.93 -31.15 27.13 7.37
2016-09-02 11:30 11:55 25 43.00 31.87 39.55 36.62 -36.04 47.27 2.66
2016-09-25 11:00 12:00 60 43.02 22.53 49.82 43.42 -36.09 55.68 8.22
2016-10-04 9:51 11:50 119 43.02 32.06 62.43 46.99 -49.75 57.65 4.98
2017-06-11 11:24 12:30 66 43.63 31.33 28.57 19.01 -56.52  -134.93 11.39
2017-08-12 13:03 14:20 77 44.58 0.82 25.00 28.33 -1.72 136.62 9.33
2017-08-13 1405 15:05 60 44.59 57.58 26.90 34.13 32.65 -35.99 8.70
2017-09-16 11:30 11:35 5 46.96 52.73 43.33 4277 -28.52 48.93 16.49
2018-03-23 12:11 12:00 11 43.18 22.62 42.04 42.90 -19.01 50.26 19.59
2018-05-30 11:32 11:35 3 47.01 5231 27.84 27.10 -47.74 29.53 2.71
2018-05-30 14:01 14:50 49 43.82 46.70 20.80 28.05 42.08 -26.47 6.75
2018-08-25 11:31 11:40 9 46.95 46.14 37.23 35.64 -37.33 41.37 2.07
2018-09-10 12:00 11:40 20 46.97 46.24 38.31 40.11 -20.87 47.77 16.19
T AR U R R B A S 710 (6, o, ) BRI 5 151 (6,, @, ) B FAEE OB cos (8) = —cos(8,) - cos(8,) = cos(@, — ¢,) - Isin(8,) - sin(8,)),

GF-4 FIMODIS SR B 1 22 5 B We T 38 I T LAar (¥ AR AL R 3
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UE b B B AL IR 22 A ¢ (Chen 55, 2014) ;
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42 FHEEMESH
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(Chang %5, 2017). PLEXSF (2010) JH 2007 4 —
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fd Fl MODTRAN Hr 7 4 43 1) A v AR 43 20 1
550 nm IR NF R B E R 0.2, fFH AL AR AN
BHREOLT , SR R R (WAl S
FARVFIE T AY) . 550 nm B4R (0.05 2
0.4) FIKE&HE (0.4 F4.0) HEHEGIEICE

Wrm2es, WRaRmEs frm; Kol T
20164F-8 H 25 H AR 2 F X 635 DT HE X 51 52 5
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Table 3 Cross calibration results for two cases

B AR 175 B0 1) 28 S s 2R B

BRDF i€ 1§ 0 T 15 S A 2 KL

P ZEQER]

Bandl Band2 Band3 Band4 Band1 Band2 Band3 Band4
2016-06-02 0.1794 0.2053 0.1780 0.1335 0.1796 0.1937 0.1722 0.1260
2016-09-02 0.1778 0.1926 0.1596 0.1172 0.1890 0.1975 0.1685 0.1211
2016-09-25 0.1843 0.1953 0.1597 0.1186 0.1973 0.2038 0.1730 0.1266
2016-10-04 0.1895 0.1967 0.1607 0.1193 0.2002 0.2025 0.1710 0.1249
2017-06-11 0.1810 0.2010 0.1649 0.1227 0.1957 0.2110 0.1782 0.1301
2017-08-12 0.1847 0.1998 0.1682 0.1221 0.1978 0.2055 0.1785 0.1261
2017-08-13 0.1929 0.2209 0.1881 0.1376 0.1931 0.2089 0.1835 0.1289
2017-09-16 0.1964 0.2050 0.1644 0.1233 0.2013 0.2002 0.1655 0.1204
2018-03-23 0.1944 0.1984 0.1590 0.1201 0.2046 0.2001 0.1674 0.1242
2018-05-30 0.2097 0.2172 0.1826 0.1325 0.2139 0.2085 0.1795 0.1269
2018-05-30 0.1995 0.2231 0.1822 0.1401 0.2031 0.2130 0.1781 0.1333
2018-08-25 0.1994 0.2054 0.1701 0.1245 0.2069 0.2023 0.1720 0.1232
2018-09-10 0.1997 0.2099 0.1727 0.1242 0.2073 0.2087 0.1768 0.1247

Fx4 BREIEHROATHHERRE
Table 4 Radiometric calibration coefficients from CRESDA

FERRAEY Band1 Band2 Band3 Band4
2016 0.1784 0.1878 0.1515 0.108
2017 0.1749 0.1903 0.1532 0.1073
2018 0.2053 0.2209 0.1664 0.115
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Fig.5 The comparison between the cross calibration coefficients and the calibration coefficient of China Center for Resources

Satellite Data and Application (Lambertian denotes the results of cross calibration methods ; BRDF denotes the results of

Ross—Li BRDF model; and CRESDA denotes the results of China Center for Resources Satellite Data and Application)
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Table 5 Cross calibration coefficients comparison in the same day

- JRAS T Z PP A 2 155 0 1) 38 SUE A 2 8K BRDF B 15 T 1938 SUE A 72 8K
’ GF-4 MODIS Band1 Band2 Band3 Band4 Band1 Band2 Band3 Band4
2017-06-11 11:24 12:30 0.1810 0.2010 0.1649 0.1227 0.1957 0.2110 0.1782 0.1301
2017-06-11 11:24 14:10 0.1823 0.1988 0.1648 0.1217 0.1975 0.2087 0.1779 0.1286
2017-08-12 13:03 12:20 0.1734 0.1936 0.1608 0.1195 0.1870 0.2041 0.1763 0.1282
2017-08-12 13:03 14:20 0.1847 0.1998 0.1682 0.1221 0.1978 0.2055 0.1785 0.1261
2017-08-13 14:05 11:45 0.1943 0.2139 0.1809 0.1333 0.1985 0.2075 0.1809 0.1283
2017-08-13 14:05 15:05 0.1929 0.2209 0.1881 0.1376 0.1931 0.2089 0.1835 0.1289
2018-03-23 12:11 12:00 0.1944 0.1984 0.1590 0.1201 0.2046 0.2001 0.1674 0.1242
2018-03-23 12:11 13:40 0.1854 0.1979 0.1626 0.1213 0.1952 0.2012 0.1726 0.1271
2018-05-30 11:32 11:35 0.2097 0.2172 0.1826 0.1325 0.2139 0.2085 0.1795 0.1269
2018-05-30 11:32 14:50 0.2041 0.2150 0.1807 0.1302 0.2088 0.2072 0.1784 0.1251
2018-05-30 14:01 11:35 0.2050 0.2254 0.1840 0.1425 0.2080 0.2143 0.1792 0.1352
2018-05-30 1401 14:50 0.1995 0.2231 0.1822 0.1401 0.2031 0.2130 0.1781 0.1333
2018-08-25 11:31 11:40 0.1994 0.2054 0.1701 0.1245 0.2069 0.2023 0.1720 0.1232
2018-08-25 11:31 15:00 0.1978 0.2094 0.1753 0.1275 0.2023 0.2014 0.1728 0.1227
2018-09-10 12:00 11:40 0.1997 0.2099 0.1727 0.1242 0.2073 0.2087 0.1768 0.1247
2018-09-10 12:00 15:00 0.2024 0.2176 0.1793 0.1290 0.2073 0.2111 0.1784 0.1254
1.15 1.15
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Table 6 Uncertainty analysis for cross calibration results

TR2ERE % S 28 PiRAR
MODIS &5 & 5/ % 3.00 3.00 3.00 3.00
MODTRAN 5 /% 2.00 2.00 2.00 2.00

ESTWIRE I iREE 0 0.28 0.24 0.40 0.19
ST % 0.28 0.13 0.07 0.14
RGP % 0.69 0.60 0.30 0.80
IRV =% 0.12 0.81 0.07 2.93
HhF A % 5.04 4.02 0.02 2.94
3R PR 251% 3.86 3.36 3.88 3.89
HABAHRE K FE 1% 1.00 1.00 1.00 1.00
SN 7 % 7.41 6.52 5.41 6.86
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Cross calibration of GF-4/PMS based on MODIS over Badain Jaran Desert
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Abstract: GF-4 is the first high-resolution geostationary orbit optical remote sensing satellite in China, and it is equipped with a staring
camera that covers the visible-to-mid-infrared spectrum. Providing in-orbit radiometric calibration coefficients frequently is difficult due to
the lack of on-board calibration devices. To effectively monitor the radiometric performance of GF-4/PMS and provide a solid basis for
quantitative applications, the cross-calibration method was used in this study to derive the calibration coefficients over a selected calibration
site located in the north of Badan Jaran Desert. The cross-calibration site was identified by searching the uniform area in a high-resolution
image (i.e., Landsat 8 /OLI) to minimize the uniform impact on the cross-calibration results. To reduce the effects of the imaging angles of
the sensor and atmospheric changes, the restraint was set to the imaging angle difference between MODIS and GF-4 (less than 20°), the
imaging time difference (less than 2 h), the cloud, and image quality. In total, 13 image pairs were available from 2016 to 2018 and were
used to calculate the cross-calibration coefficients after compensating for the spectral matching factors, which were simulated by
MODTRAN. Results showed that (1) the cross-calibration coefficients calculated under the Lambertian assumption were highly consistent
with those calculated under the Ross-Li BRDF assumption. The uncertainty was less than 7.4%, and the relative difference ranged between
0.8% and 4% when BRDF was neglected. (2) The radiometric performance of GF-4/PMS decreased slowly from 2016 to 2018, with 1%
decrement per year. Thus, the proposed method can effectively improve the radiometric calibration frequency of GF-4/PMS with an
acceptable accuracy and can be used for radiometric performance monitoring over the whole life cycle of the sensor.

Key words: remote sensing, cross calibration, GF-4/PMS, MODIS, uncertainty analysis
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