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Abstract: Owing to the restrictions in weather conditions and revisit cycle of satellites,

single satellite can’t successively acquire effective optical RS data for long-term monitoring

the terrestrial environments. Therefore, it is crucial important to analyze the multi-spectral

information of multi-source RS data. In this study, two groups of clear RS images (GF-1

and Landsat-8, GF-1 and Sentinel-2A), in along with ground survey data, were respectively

acquired on identical date. Four bands, blue, green, red and near infrared (NIR), were

selected to compare their spectral characteristics. At the same time, conversion equation
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for reflectance of four corresponding spectral bands was derived respectively via statistical

regression method. The result shows that each pair of bands in the two comparing groups

has a strong correlation. And, these conversion equations can effectively converse spectral

information in between each band of two comparing groups with a better precision.

This study provides a useful technological approach for the identical date information

integration and syngeneic application of multi-spectral RS data from the same day, as well

as quantitatively monitoring the long-term dynamics in environments and resources at

regional scale.

Key words: GF-1; Landsat-8; Sentinel-2A; remote sensing; sensor; reflectance;
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Cc5, ¥(�aEâuÐ×�, ¯õ#.¥(�Uu�, �aé/*ÿUåÅÚJp.

,
, duÉ��!�Uí�K�9£8±Ï���, ü�1Æ�a¥(3?1��mS�

Úp�þ�Ã�K�¼�¥�w�åØl%, �d, ¢yõ
�aêâ�pÖA^Kw�c

�­�. Mº¢�[1]|^8�z���ê(NDVI)ò GF-1 PMS � ZY-3 MUX Daì3��

*ÿUåþ?1
é', uy ZY-3 MUX � NDVI &EþÚ&ÒoþruGF-1 PMS. Van

Leeuwen �[2]é MODIS Ú AVHRR K�� NDVI ?1é', uyüök�Ð��5�'5,

ÏL�5�§��p=�, � NDVI �I=�9�Cù	ÚùÅã, vkéÙ§Åã&E?

1é'. _�¢�[3]|^ GF-1 � Landsat-8 õ1Ì�aK�?1
�� LAI �üé', uy

GF-1 K��7!É!ùÚCù	ÅãL*��Ç (Top of the Atmosphere Reflectance, TOA

��Ç)� Landsat-8 kwÍ��5'X, �¤¼���5'X�§duÀ����:��,

=�°Ýk�Jp. �7�[4]ò IRS-P6 LISS-3 Ú Landsat-5 TM ü«õ1ÌDaìK�?

1
êâé', ��ééAÅã� TOA ��Çïá
=��§, �TïÄ¿vk�Ä�Å

ã�/Lý¢��Ç(Bottom of the Atmosphere Reflectance, BOA ��Ç). �c3;$1�

�L5]
¥(¥, Landsat-8 ´{II[Ê�ÊUÛ(NASA)u 2013 c 2 � 11 Fu��1

l�º/]
¥([5]; 2015 c 6 � 23 Fu��	W 2A Ò(Sentinel-2A)´î�Û(ESA)“xx

Z”Oyeõ1Ì¤�?Ö¥�Äu([6]; p©�Ò (GF-1) ¥(´·Ip©EÇé/*ÿX

Ú­�;�UÄXÚ¥�Äu(, u 2013 c 4 � 26 Fu�[7]. 3 �¥(³/êâ°Ýp!

�#�Ý¯!¤�Åãõ�`³, 2�A^u°[à�!À/iÿ!è/]
+n!ú�

S��+�. �±ý�, ù 3 «¥(êâ3�c±98�����ÏS, ò¤��ä2�A

^cµ�/L]
�¸�aiÿêâ
. 8c 3 �¥($1G¹ûÐ, êâ�þp���

¤¼�, ´8�¢y¥(��mS�êâ8�ï­��pÖ5êâ
. Ïd, mÐþã¥(

êâm�1Ì&Eé'9½þ©Û=�ïÄäk­�¿Â. Äud, �ïÄò GF-1 ��c

ISþ¦^2�� Landsat-8 ±9 Sentinel-2A ?1é', ½þ©Û GF-1 �,	ü�¥(3

7!É!ù!Cù	Åã TOA ��Ç±9 BOA ��Ç¥��ÉÚ�'5, ±Ï�J,·

I GF-1 êâ�A^d�!ÿÐêâ�A^+�!Orõ
õ1Ì�aêâ3½þ�aï

Ä¥�pÖJøEâ|±.

1 ê â

�
O(þzØÓ¥(õ1ÌDaì�Åã�m�&E�É, ��­��cJ^�
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´À�ÓFL¸!��pÝ�Ú� ��C�k­UCX���Ã�¥(K�. ù��

±�yDaì3¼��aêâ��íK���É��, ¿�¼��/L��Uþ���

C. duØÓ¥(�­�±ÏÚÌ°ØÓ, ÏdJ±¼���/«S�Ó�U!Ó�L

¸�n�¥(K�. �ïÄ¼�
 2014 c 9 � 8 FÓUL¸ïÄ« 1(123◦02′ ∼123◦44′E,

41◦11′ ∼41◦37′N)� GF-1 WFV2 9 Landsat-8 OLI �aK�, ±9 2016 c 8 � 22 FCXï

Ä« 2(122◦48′ ∼123◦47′E, 41◦10′ ∼41◦35′N)� GF-1 WFV3 9 Sentinel-2A MSI K�. ïÄ«

Ì�è/CXa.�)�/!�/!YN!àèÚØßY¡(ïÓÔ!�´�), äN/n�

�Xã 1 ¤«.
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Fig. 1 Study areas

GF-1 ¥(�1
�� 2 m ©EÇ��Ú�Å!�� 8 m ©EÇ�õ1Ì�Å (PMS)

Úo� 16 m ©EÇõ1Ì�Å (WFV). Äu¥(*ÿ�ªÚé'K���m©EÇ&EA

�, �¼�üµ GF-1 õ1Ì 16 m K�. ïÄ« 1 À�� GF-1 WFV2 K�¤��m� 2014

c 9 � 8 F, ïÄ« 2 À�� GF-1 WFV3 K�¤��m� 2016 c 8 � 22 F. Landsat-8 ¥(

��k OLI Ú TIRS ü�Daì: �º/¤�¤ OLI, �) 9 �Åã, �m©EÇ� 30 m(�

ÚÅã� 15 m), ¤�Ì°� 185 km; �9ù	Daì TIRS, �) 2 �9ù	Åã, �m©

EÇ� 100 m. �ïÄ¼�� Landsat-8 OLI K��) L1T ?�¬Ú3ÙÄ:þ²L�í�

�� L2 ?�¬, ¤��m� 2014 c 9 � 8 F. Sentinel-2A ¥(����õ1ÌDaì MSI,

MSI �) 13 �Åã, �m©EÇk 10 m!20 m!60 m 3 «, ¤�Ì° 290 km. �ïÄ¼�

� Sentinel-2A MSI K�¤��m� 2016 c 8 � 22 F. þã 3 �¥(�äNëê9�é'�

éAÅã&EXL 1 9ã 2 ¤«. Ó�, �K|u 2016 c 9 � 15–17 FéïÄ«?1
�Ï

3 d �¢/N�. ÏLXm*ÿÚr�\Î, ¼�
�þïÄ«�/Ôa.(�/!�/!Y

N!¢	�)!©Ù5Æ9���ÔÿA��&E(�ã 2), ù�Jp�aK��/a£O,

±9é'��:ÀJ�°ÝJø
k��y.
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LLL 1 GF-1!!!Landsat-8999Sentinel-2A¥¥¥(((ëëëêêêLLL

Tab. 1 System parameters of GF-1, Landsat-8 and Sentinel-2A
¥( ©EÇ/m ­�±Ï/d Ì°/km Åãê Daì

GF-1 16 4(ký{) 800(4��Å) 4 WFV2; WFV3

Landsat-8 30 16 185 9 OLI

Sentinel-2A 10 10(V(5) 290 13 MSI

éAÅã9Å���/µm /��m ;�Ò

B1(Blue): B2(Green): B3(Red): B4(NIR): WFV2: 2014/09/08 WFV3: 2016/08/22 WFV2: WFV:

0.450∼0.520 0.520∼0.590 0.630∼0.690 0.770∼0.890 11:01 11:30 P594R87 P595R87

B2(Blue): B3(Green): B4(Red): B5(NIR):
2014/09/08 10:28 P119R31

0.450∼0.520 0.520∼0.590 0.630∼0.690 0.770∼0.890

B2(Blue): B3(Green): B4(Red): B8(NIR):
2016/08/22 10:38

�é;�: ýé;�:

0.430∼0.550 0.515∼0.605 0.623∼0.702 0.765∼0.920 R089 R00609

ã 2 ^ué'��aã�±9ïÄ«;./Ôa.

Fig. 2 Remote sensing images for comparison and typical land covers in study areas

2 � {

2.1 êâ?n

éu GF-1 � WFV2 Ú WFV3 K�, ?nÚ½�): ����, AÛ��, Ë�½IÚ�í

��. Äk, ë��m©EÇ� 30 m � DEM êâé GF-1 K�?1����, ~�Ï//åÏ

éêâE¤�K�; ,�, ©O±²Lî���� Landsat-8 ±9 Sentinel-2A K���ë�[8],

éÓ�Ï GF-1 êâ?1AÛ��; �e5é����êâ?1Ë�½I, ½Iëêl¥I]


¥(A^¥%¼� (http://www.cresda.com/CN/Downloads/dbcs/10506.shtml); ��, ÏL

ENVI5.3 ^�Jø� FLAASH �{?1�í��. äN½IúªXe.
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GF-1Ë�½Iúª:

Lλ = Gain · DN. (1)

ª¥, Lλ�Ë��Ý, ü � W/(m2
·sr·µm); Gain �OÃ; DN ��Ý�. GF-1 Ë��Ý=�

� TOA ��ÇO�úª�[9]

ρλ =
π · Lλ · d2

ES · cos(θSE)
=

π · Lλ · d2

ES · sin(θSZ)
. (2)

ª¥, ρλ � TOA ��Ç; Lλ �Ë��Ý; d �F/U©ü ål; ES ��í�	Åã��Ëì

Ý, ü � W/(m2
· µm); θSE ���Uº�; θSZ���pÝ�, �÷v θSE = 90◦ − θSZ .

éu Landsat-8 OLI � L1T ?�¬, Ì�ÏL{I/�N�Û (USGS) Jø�½I

ë ê(� l K � Þ © � ¥ ¼ �)é Ù ? 1 Ë � ½ I ? n, � � � í þ 1 Ë � � Ý, 2 O �

TOA ��Ç. L2 ?�¬�²L�í����� BOA ��Çêâ, ² USGS êâ©u�

Õ(http://earthexplorer.usgs.gov/)�±�¤e1. �ïÄæ^�äNO�úªXe.

Landsat-8 OLI �íþ�ËìÝO�úª[10]:

Lλ = ML · QCAL + AL. (3)

ª¥, Lλ �Ë��Ý, ü � W/(m2
·sr·µm); ML �Ë��ÝOÃ; AL �Ë��Ý £; QCAL

�K� DN �. Landsat-8 OLI Ë�Ý=����ÇO�úª:

ρλ = Mρ · QCAL + Aρ/ cos(θSZ). (4)

ª¥, ρλ � TOA ��Ç; Mρ ���ÇOÃ; Aρ ���Ç £; QCAL ��� DN �; θSZ ���

pÝ�. Sentinel-2A MSI K�´l ESA �Õ(https://scihub.copernicus.eu/dhus/#/home)e

1��, Sentinel-2A MSI L1C ?�¬�²L½I��� TOA ��Ç, ��Bêâ��;, ê

��*�
 10 000 �[11]. Ì�êâ?nÚ½´?1�í��. �ïÄæ^�´î�Ûmu�

m
�aêâ?n^� SNAP þ^u?n Sentinel-2A L1C ?�¬�óä� SEN2COR 5O�

BOA ��Ç[12].

2.2 ��êâÀJ

�
é'ü|Daì37!É!ù!Cù	Åã TOA ��Ç±9 BOA ��Ç��É, ë

�Ó�Ïp© 2 Ò(GF-2)�p�K�(0.8 m)Ú 2016 c 9 ��¢/N�êâ, À�
�/!�

/!YN!àèÚØßY¡�a.^u��Ç½þé'ïÄ. �:êâ�ÀJ´�ïÄ¥��

'��Ú½, �Ïêâ�ÚO©ÛÑ3dÄ:þ?1. �d, �:�ÀJA÷v±e�K.

(1) À�Ã�«�, ¦�U~�E,�í�¸é(JE¤�K�.

(2) �:AÀJþ�«�, ¿¦�UÀ�þ�«�¥
 �, ±(�ÀJX��.

(3) A3�½�Å���SÀ���, =p$��Ç/ÔÑA�9, ù�âU�*/é'Ø

ÓDaì3��ÅÌ���5U.

(4) À�/za/Ô��ê8Ø�u 300 �, ±(�ØÓDaìéAÅãmêâ��&Ý.

GF-1 WFV2 � Landsat-8 OLI TOA ��ÇÚ BOA ��Ç�é'ïÄ�À�
 1 903 �

X�:, GF-1 WFV3 � Sentinel-2AMSI �é'KÀ� 1 527 �X��:. éuz|é'ã�,

�ÅÀ�za/ÔX��:¥ 2/3 ^uØÓDaì1Ì&Eé'9£8ï�, Ù{� 1/3 ^u

=�(J�°Ý�y.
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2.3 £8�.ïá�u�

�ïÄæ^ÚO�5£8�{, éØÓDaì��éAÅã� TOA ��Ç9 BOA ��Ç

?1Å�é'. |^û½Xê (R2) Úþ��Ø� (RMSE) ùü�µd�I, ©O?1éAÅã

1Ì��Ç£8©Û. ,�|^£8���=��§?1 TOA ��Ç9 BOA ��Ç��[,

�5£8�§�wÍ5u�´/Ï F u�5¢y�.

û½Xê R2 þ��Ø�RMSEO�úª�[13]

R2 =

∑n
i=1(ŷl − y)2∑n
i=1(yi − y)2

, (5)

RMSE =

√∑n
i (ŷl − yi)

2

n
. (6)

ª¥, n ��y�:êþ; yi ��:¢ÿ�; ŷ1 ��:�ÿ�; yl ��:²þ�.

F u�O�úª�

U =
∑n

i=1
(ŷl − y)2, (7)

Q =
∑n

i=1
(yi − ŷl)

2, (8)

F =
U

Q/(n − 2)
. (9)

ª¥, Q �Ø�²�Ú½�{²�Ú; U �£8²�Ú; n ���ê.

3 (J�©Û

3ÀJ���:?, ©OJ�
 3 �¥(��Åã� TOA 9 BOA ��Çê�, ��
ü

|¥(éAÅã�1Ì&Eé'(J(�ã 3).

dã 3 ��, éu TOA Ú BOA ��Ç, GF-1 WFV � Landsat-8 OLI Ú Sentinel-2A MSI

êâ37 (B)!É (G)!ù (R) ÚCù	 (NIR) ÅãÑØÓ§Ý/�3�½ �. 
�, é'

¥(éAÅã�1Ì���'Xê r þ�u 0.96, ùL²��éAÅã��ÇÑäkér��

5�'5. î�é'(Jw«: 3 TOA ��Çþ, GF-1 WFV2 ��Åã��Çê�ÊHpu

Landsat-8 OLI, [Ü��� 1B1 �A�²1(ã 3(a1)–(d1)); GF-1 WFV3 ��Åã��Çê

�ÊHpu Sentinel-2A, [Ü���X��Çê�O\
Åì l 1B1 �(ã 3(a2)–(d2)); é

u BOA ��Ç, GF-1 WFV2 � Landsat-8 OLI ��Åã��ÉØ�, ©Ù3 1B1 �üý(ã

3(a3)–(d3)); GF-1 WFV3 ��Åã BOA ��Çê��Ü©pu Sentinel-2A MSI, ¿�X��

Çê�O\�ÉÅìO�(ã 3(a4)–(d4)). ÏLp�é'�uy, � TOA ��Çé'(J�',

²L�í����� BOA ��Çê���Éü$²w, ��5²wJp.

�
©Û�)þãÅÌ&E�É��Ï, �ïÄ±�
 3 �¥(éAÅã�1Ì�

A ­ �(� ã 4). Ù ¥, GF-1WFV 1 Ì � A ­ � d ¥ I ] 
 ¥ ( A ^ ¥ % J ø � 1 Ì

�A¼ê?1±� (http://www.cresda.com/CN/Downloads/gpxyhs/index.shtml); Landsat-

8 OLI � 1 Ì � A ­ � K Ï L { I / � N � Û (USGS) J ø � 1 Ì � A ¼ ê ? 1 ±

�(https://landsat.usgs.gov/using-usgs-spectral-viewer); Sentinel-2A 1Ì�A����le
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1��K�ëê&E¥¼�¿±�¤ã.

5: a!b!c!d©O��7!É!ù!Cù	Åã

ã 3 TOA��ÇÚBOA ��Çé'Ñ:ã

Fig. 3 Scatter plots of TOA and BOA reflectance comparison

dã 4 �±wÑ, GF-1 WFV2 � Landsat-8 OLI üDaì�7�ÉÅãÅÌ�°���

��C, �3ùÚCù	Åã, ÅÌ�°�ÉwÍ(�ã 4). éu GF-1 WFV3 � Sentinel-2A

MSI 
ó, Ø
Cù	Åã, GF-1 �ÅÌ�°²w�' Sentinel-2A °.

ÅÌ���°, KDaì¼��Uþ�õ. dã 4(a) ��, WFV2 ��Åã�ÅÌ��'

OLI �°, 37!ÉÅã, üö1Ì�A��ÉØ�, 3ùÅã¥%Å� � WFV2 1Ì�A

��$u OLI. 3Cù	Åã, �k3éÄ���S WFV2 1Ì�A��u OLI, 1Ì�A�

��, Daì�Â��&ÒUþ�r. (Üã 3(a1)–(d1) ØJuy, WFV2 37!ÉÅã TOA

��Ç' OLI ��, 3ù!Cù	ÅãÜ©���u OLI, ù�1Ì�A­�NyÑ5��É

��, ÅÌ��Ú1Ì�A��ÓK���Ç���. dã 4(b) ��, WFV3 ��Åã�ÅÌ

���u Sentinel-2AMSI, 3Cù	ÅãÅÌ���É��. �éAÅã WFV3 1Ì�A�'
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MSI �p, 37!É!ùÅã�É��, 3Cù	Åã�É��. ÏLã 3(a2)–(d2) N´uy,

WFV2 ��Åã� TOA ��Çê���u MSI ��Çê�, 7!É!ùÅã��Ç��É�

�, Cù	Åã��Ç�É��, üö(J��. dã 3(a3)–(d3) Úã 3(a4)–(d4) uy, BOA �

�Çê�' TOA ��Çê�$, du�í��, ~f
�í�K�, ü$
��Ç.

ã 4 Daì1Ì�A­�

Fig. 4 Spectral response curves of GF-1, Landsat-8 and Sentinel-2A

Äuéü|êâ�Åã&Eé'��, �ï GF-1 �Ù¦ü�¥(éAÅã�1Ì&E=

��§, B�¢yØÓ¥(�méAÅã��p=�. ÏLé GF-1 WFV � Landsat-8 OLI Ú

Sentinel-2A MSI K���Åã��Ç©O?1£8©Û, ¼�
 WFV2 � OLI ±9 WFV3 �

MSI Daì37!É!ù!Cù	Åã���Ç=��§(�L 2).

LLL 2 GF-1 WFV���Landsat-8 OLIÚÚÚSentinel-2A MSI���111ÌÌÌ===������§§§

Tab. 2 Equations for spectrally conversing Landsat-8 OLI to GF-1 WFV2 and Sentinel-2

MSI to GF-1 WFV3
Daì Åã TOA��Ç=��§ BOA��Ç=��§

WFV2�OLI 7 y = 1.141 0x + 0.021 7 y = 1.219 1x − 0.013 6

É y = 1.125 4x + 0.023 2 y = 1.086 9x − 0.009 3

ù y = 1.054 9x + 0.019 9 y = 0.953 9x − 0.001 3

Cù	 y = 1.025 3x + 0.058 2 y = 0.947 7x + 0.029 6

WFV3�MSI 7 y = 0.374 3x + 0.017 9 y = 0.709 5x − 0.007 5

É y = 0.396 9x + 0.010 1 y = 0.760 7x + 0.001 3

ù y = 0.414 4x + 0.013 4 y = 0.827 7x + 0.010 3

Cù	 y = 0.360 0x + 0.040 2 y = 0.722 6x + 0.044 8

�
u�=��§��J, �ïÄò Landsat-8 OLI Ú Sentinel-2A MSI ?1
Åã=�,
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{e� 1/3 ���yêâ^5?11Ì=��J��y, (JXã 5 ¤«.

ã 5 Landsat-8 OLIÚSentinel-2A MSI�=���GF-1�*ÿ�é'�y(Jã

Fig. 5 The results of Landsat-8 OLI and Sentinel-2A MSI conversion value contrast with the

observed values of GF-1

ÏLé'd=��§O�� GF-1 WFV2 Ú WFV3 ���Åã TOA ��Ç�,	ü�

¥(êâ�éAÅã��Ç�uy, ü|é'êâ���5wÍJp, [Ü��� 1B1 �A�

­U(�ã 5). ÚO©Ûw«, éu GF-1 WFV2 � Landsat-8 OLI üDaì3��1(7!É!

ù)Åã, RMSE Ñ$u 0.008, 3Cù	Åã RMSE<0.015, R2 >0.93. ÏL���5£8�.

F u���, 3�&ÝY²α = 0.05 e, F ≫ F0.05(1, 632), `²£8�§3dY²þ´wÍ

�. éu GF-1 WFV3 � Sentinel-2A MSI üDaì, ��1(7!É!ù)Åã� RMSE<0.007,

3Cù	Åã RMSE ���� 0.0181, R2 >0.92. F u�(Jw«3�&ÝY² α = 0.05 e,

F ≫ F0.05(1, 509), ùL²£8�§3dY²þ´wÍ�, ¤ïá�1Ì=��§�=��J
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±éØÓDaìêâæ^�51Ì=�. 3?11Ì=��, üµK��mm�Ø¨L�, ÄK
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GF-1 WFV2 � Landsat-8 OLI ±9 GF-1 WFV3 � Sentinel-2A MSI =��§3 TOA Ú BOA

��Ç¥U
¢yêâm�p°Ý=�, ùò�õ
�aêâ3à�Ô)�G���Ï½þi

ÿ!g,/³±Y½þiÿ�+�JøEâ|±.

,	, �ïÄw«, ¤ÀJ� 3 �¥(�L¸�m�3�É(� 0.5∼1 h)(�L 1), ÏdXJ

ïÄ«�k�£Ä��¹, �±^Ã�«��K�5?1p��Ö. �ïÄÌ��é�´ÓFL
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éu���½Uê'Xm� 1 d!2 d!3 d U��¤

¼�êâm�1Ì'XKI�?�Ú©Û, ù�´8�ïÄ�­:. o�, �mm���, Ø�

��, �Ï´du�íG¹±9/LG¹ò��mu)²wCz, 7ò���DaìÅã�1Ì

&Eu)Cz.
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 GF-1 � Landsat-8 ±9 Sentinel-2A 37!É!ù!Cù	Åã�
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