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Fig. 6 Comparison of reflectance of typical objects in time—series atmospheric corrected GF-2 images

FAR AR S — B S 2% AR R 5E RS
BOEASRAFE IR L. (1) 7E—Seh ) 221k Hu AL
RIGIXIK, ASBES A RO B A S Bh A
DA S AR A, A Ty I U 2R s B 2%
(2) B2 2P IRAE N, 2R AT RELEFEA
FRIEARNAREIE S H 2, (3) BHZEW
=, AT F Bk DY A 7S M) A A IR AE 5
(4) BB T A ) BA G — 2k s 4
JitRE, ABERSIE N Y N R SR 2R R L

5 45 &

M2 S5 A AR D i TR A S e SR

FEi, SRR 2 S m AR ET Y SRR B VR, AT
DIz BT RO . Al KR ARSI
T AR A MR B 40U 2 B AR 2 0.8 m 45 ]
Gy HERR 2015 FF—2019 4F B4R 55— A 5 7 7 iR
DX 1Y GF—2 M 3% S SR 3R 5AR 7 o XY 1T B £
£, XTFIURBIRE . BT KRN =K
KR, SRS SRR R R A E ., KA
BE A 8 A UGR L DXORTR Ry 3 Tk K AR DA AIM T
T 0

AREAR LT T =5y RO 2SR S
BB R MR BCHE, RE S SR MERm G
REHR, R A (RN 2Ok Al G S AR S I



HE 45, Jb et 5 IX 2015 4E—2019 4F 0.8 m th 3¢ 57 it 25 di 4 2311

WL JURAIE S I8 T IX B2, fRIET 2
S JLATRS AL TE S ARAE I Ak B A B 68 LA —
B RAKIER T 27 BRI 4R 5 —2fl
BE, TIPS I . 25k, 8 Fh LR s )
IPMAERLIE IR B GF=2 SAAR M S 25 AR h i) J S ¢
A AT s RS SRR 22 3 d Z NIYSAAR
VAL Z2 W6 ¥ i 73 AR PR R SRERCR , R Bk
PR IEH . HPOEIR 3 Bl ) R URIE AR
RAREAE 5 AR HBOE)Z | R T3 Rl sy 7
Z IR REIE S 5 73 AR P B8 S R AT R A —
B, HATE A MW 00 RO AR, T DA R S PR

Iz K o
TESEBR 55 v, A 4F 2 25 R AR i

T, ARSCHYALPET AT LA | R H Sl ik
SRR AR, THE R R A AR
BT JCIE RIE R R IE B A 100% B3R, (HR
2y 7 B T0% AR LMRIETF b B AR 5 5%
AR SR AR PIE M A — S R4 30%
AR BN T A RHER A T B e 25 A %
AR, X 2R TSRO A 3 SR
?%E,ﬁﬁ%%xﬁﬂ%%&m%%ﬁoTéi
TR T R ECR A sh ik a2 e A
TCAGAY, T A ShE I AR RS R

2 % 30k (References)

Canty M J, Nielsen A A and Schmidt M. 2004. Automatic radiometric
normalization of multitemporal satellite imagery. Remote Sensing
of Environment, 91(3/4): 441-451 [DOI: 10.1016/j. rse. 2003.
10.024]

Cao X J, Jiang H, Zhang Z M, He G J, Wang M M, Long T F, Wang G
Z and Zhang X M. 2019. Research progress of Landsat series
satellite surface reflectance products. Geomatics and Spatial Infor-
mation Technology, 42(3): 93-96 (H/INAS, YTk, SKIKBH, ff [¥ 4>
FEAAE, Je 5K, FAEJE, JKBESE . 2019. Landsat 251 :E&Ef@j@
S5 AT R R 42 5 S ) A R, 42(3): 93-96)
[DOTI: 10.3969/j.issn.1672-5867.2019.03.025]

Chavez P S Jr, Sides S C and Anderson J A. 1991. Comparison of three
different methods to merge multiresolution and multispectral data:
Landsat TM and SPOT panchromatic. Photogrammetric Engineering
and Remote Sensing, 57(3): 295-303

Chen F. 2021. Pixel-Knife[EB/OL]. [2020-06-07]. https://www.zybuluo.
com/novachen/note/426294 (F5 i . 2021. 12 % % J1 5 4> TR Ab
4K {F [EB/OL]. [2020-06-07]. https://www. zybuluo. com/no-
vachen/note/426294)

Doxani G, Vermote E, Roger J C, Gascon F, Adriaensen S, Frantz D,

Hagolle O, Hollstein A, Kirches G, Li F Q, Louis J, Mangin A,
Pahlevan N, Pflug B and Vanhellemont Q. 2018. Atmospheric
correction inter-comparison exercise. Remote Sensing, 10(2): 352
[DOTI: 10.3390/re10020352]

European Space Agency. 2015. Sentinel-2 User Handbook, Issue 1,
Revision 2.

Grodecki J and Dial G. 2003. Block adjustment of high-resolution
satellite images described by rational polynomials. Photogrammetric
Engineering and Remote Sensing, 69(1): 59-68 [DOI: 10.14358/
PERS.69.1.59]

Kanzow C, Yamashita N and Fukushima M. 2004. Levenberg-Mar-
quardt methods with strong local convergence properties for solving
nonlinear equations with convex constraints. Journal of Computa-
tional and Applied Mathematics, 172(2): 375-397 [DOI: 10.1016/
j.cam.2004.02.013]

Laben C A and Brower B V. 2000. Process for enhancing the spatial
resolution of multispectral imagery using pan-sharpening. U.S.,
No. 6011875

Liang S L, Bai R, Chen X N, Cheng J, Fan W J, He T, Jia K, Jiang B,
Jiang L M, Jiao Z T, Liu Y B, Ni W J, Qiu F, Song L L, Sun L,
Tang B H, Wen J G, Wu G P, Xie D H, Yao Y J, Yuan W P, Zhang
Y G, Zhang Y Z, Zhang Y T, Zhang X T, Zhao T J and Zhao X.
2020. Review of China’s land surface quantitative remote sensing
development in 2019. Journal of Remote Sensing, 24(6): 618-671
CRNMGUAR, 130, RG2S, RLik, S0 M BE, fr %, B, YL, 9%

M, FaF88, XUTCIHE, 5L SCA, BRR ARANFE, FIAK, JEAA L, IEH%
oG, RV, WA, Bka %, RICE, AOL, SkER, KB,
Kb ﬁ BRZS, BAE . 2020. 2019 4 Hh [ i 2 ik i I 2 R 25
iR IBIREEAR, 24(6): 618-671) [DOL: 10.11834/jr5.20209476]

Liang S L, Cheng J, Jia K, Jiang B, Liu Q, Liu S H, Xiao Z Q, Xie X
H, Yao Y J, Yuan W P, Zhang X T and Zhao X. 2016. Recent progress
in land surface quantitative remote sensing. Journal of Remote
Sensing, 20(5): 875-898 (FMIbK, F i, BIHh, VT.UE, X4k, X%
Q;iﬁiw%ﬁwhﬁf“1¥ﬁﬂh , BFE . 2016. fliZ
E 7 I JER S T 9 e OB B A L I, 20(5): 875-898)
[DOTI: 10.11834/jrs.20166258]

Liu L Y and Zhang X. 2017-10-20. Landsat-8 land surface reflectance
products of China in 2015. The Institute of remote sensing and
digital earth, Chinese Academy of Sciences (X Kz, 5K 14 . 2017-
10-20. 2015 4F- 4 [ fifi Hb [X 35 Landsat-8 Hb 2 S 43 57 i . &
Bh 2 B 18 B B0 s BRWF 58 T) [DOL: 10.12237/casearth.
5¢19a5690600cf2a3¢c557bd3]

Long T F. 2016. Efficient Positioning Technology for Instant Satellite
Image Service. Doctoral dissertation, University of Chinese Academy
of Sciences. Beijing: University of Chinese Academy of Sciences:
83 (Jelis . 2016. T 1 BIVA T2 52450 55 04 DR TLAn] 5 137 4%
A AEET: PEREER A 83)

Long T F, Jiao W L, He G J and Zhang Z M. 2016. A fast and reliable
matching method for automated georeferencing of remotely-
sensed imagery. Remote Sensing, 8(1): 56 [DOI: 10.3390/rs8010056]

Richter R. 1998. Correction of satellite imagery over mountainous
terrain. Applied Optics, 37(18): 4004-4015 [DOI: 10.1364/A0.37.
004004]



2312 National Remote Sensing Bulletin #2454k 2021, 25(11)

Richter R and Schldpfer D. 2015. Atmospheric/Topographic Correction neering, 53(1): 013107 [DOI: 10.1117/1.0E.53.1.013107]
for Satellite Imagery. DLR Report DLR-IB565-02/15. Wessling, Vermote E, Justice C, Claverie M and Franch B. 2016. Preliminary
Germany: German Aerospace Center (DLR) analysis of the performance of the Landsat 8/OLI land surface
Shen Q, Yao Y, Li J S, Zhang F F, Wang S L, Wu'Y H, Ye H P and reflectance product. Remote Sensing of Environment, 185: 46-56
Zhang B. 2019. A CIE color purity algorithm to detect black and [DOI: 10.1016/j.rse.2016.04.008]
odorous water in urban rivers using high-resolution multispectral Wu X D, Xiao Q, Wen J G, Liu Q, Peng J J and Li X W. 2014. Advances
remote sensing images. IEEE Transactions on Geoscience and in uncertainty analysis for the validation of remote sensing products:
Remote Sensing, 57(9): 6577-6590 [DOI: 10.1109/TGRS. 2019. take leaf area index for example. Journal of Remote Sensing,
2907283] 18(5): 1011-1023 (/IF, M 7, A, XU, Z3FH, /3.
Sun W H, Chen B and Messinger D. 2014. Nearest-neighbor diffusion- 2014, 3 JEERE 77 i B S B0 AN 0 R P AT T AT R L
based pan-sharpening algorithm for spectral images. Optical Engi- %42, 18(5): 1011- 1023) [DOI: 10.11834/jrs.20143332]

Annual 0.8 m surface reflectance data set of Beijing plain area from
2015 to 2019

SHEN Qian', YAO Yue',LI Liwei', LONG Tengfei'?, CHEN Fu'?,ZHANG Bing"’

1. Key Laboratory of Digital Earth Science, Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing
100094, China;
2. China Remote Sensing Satellite Ground Station, Beijing 100094, China;
3. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049 ,China

Abstract: As the most important quantitative remote sensing product, surface reflectance products are the basic data source for many
parametric remote sensing products and can be widely used in typical applications, such as forestry, agriculture, water resources, ecological
environment, and urban environment. However, for meter-level high-resolution remote sensing images, reflectance products are unavailable
at home and abroad. Most of the current domestic satellite products use high-resolution multispectral data in the four bands of blue, green,
red, and near infrared as the main data source, and accurate atmospheric correction is difficult to achieve mainly due to the lack of short-
wave infrared data. A set of spatiotemporal continuous meter-level high-resolution image reflectance products should also be provided for
researchers to use. In this study, GF-2 Level-1A standardized products were used as input. The processing steps included panchromatic and
multispectral fusion, geometric precision correction and mosaic, and atmospheric correction. A set of annual surface reflectance images with
a spatial resolution of 0.8 m covering Beijing plain area from 2015 to 2019 was generated.

First, a geometric deviation of subpixel level exists among the four multispectral bands of GF-2 Level-1A products. The Pixel Knife
software was used to register each band of GF-2 images accurately, then the images were fused with panchromatic images. Second, with
Sentinel-2 as reference images (10 m resolution) and supplementary SRTM DEM data (30 m resolution), we used a regional network
adjustment method to achieve geometric precision correction. The geometric accuracy is within 20 m. This method ensures the absolute
geometric positioning accuracy and the relative geometric accuracy among images. Third, we used a relative radiation uniformity method to
complete atmospheric correction. Regarding Sentinel-2 reflectance images as reference images (10 m resolution), we automatically searched
the pseudo invariant points between the reference images and the images to be corrected and built a regression equation band by band.

A total of 184 scenes of surface reflectance images with a total data volume of 1.63 TB are acquired. The data set is issued annually,
including the coverage and distribution vector of the annual products. In the current data set, for mountain-shaded and relatively clean water
bodies, such as Miyun Reservoir water bodies, the retrieval reflectance is often zero or negative. Therefore, this data set is suitable for
underlying surface applications, except mountainous areas and relatively clean water bodies. It can prevent the shading phenomenon after
the fusion of panchromatic and multispectral images and ensure that the multiscene geometric precision correction images have good
geometric consistency at the joints. The validation results show that the atmospheric correction effect of water, road, and vegetation canopy
is good.

On the premise that the reference image is ready, the processing method proposed in this article can process high-resolution images and
output surface reflectance products rapidly, massively, and automatically. Currently, 70% success rate is achieved for atmospheric correction,
which should be further improved.

Key words: 0.8 m surface reflectance data, GF-2, high resolution image, atmospheric correction, plain area of Beijing
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