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Fig.1 Overview of the study area
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Fig.2 The flowchart of this study
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Table 2 Evaluation of extraction precision of maize plant-

ing area in the middle reaches of Heihe River
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Fig.3 Distribution map of maize planting area in the middle reaches of Heihe River (left) and comparison of local images

(top right) and classification results(bottom right)



%28 B DU A5« 3 F 2 B A Sentinel — 2 52 A% (1 2] rh it K R R 1T AR B BROIE 5 329
orol o g e o Chlorophyll Vegetation Index 1, £ i1 Mt 4 % 4§ %%
O S e 1),3X 46 %05 B4 B5.B8 . B11 . B12 I B AR X, iX
ba g P S 3 B 1Y AT AT AW R 2 K A L. 3L ND VTS
2ol O O 55— o0 FL TR 92 P 2 95 T A 46 4Rt B
\ WA BT 5 DX Al R BROLE AR KRR 1R T NDVIL, 5
0.64 - \ RE-1 46 5 45 iF 2 0 o %5 VIR A L, RE—2 488 780
02} N FH O B 5808 2,35 2 ph B 0] o i A 2 S R M
} £ L : : 3 B M P e /Y, Horh HE 44 AT 4 /Y FR 2 STILBI1O,

Aty
4 ERMEERRENBEEE
Fig.4 Overview of the overall accuracy of extraction of

maize planting area

TSN A AR P Y A R A A o X RF-1 A
RF-2 1R v 180 A~ 78 i k47 R fiF 1 2L e 5 R e
It HE 44 i 60 A2 4 G2 T 0 I 8 R M DL K
AR (B 5) o RE-18EHY v HE 44 i 4 19 5 502
NDVI, STI, NDTI, RDGCVII (Red edge Green

OO EEE%
EE SR

(a) RF-1-Hp

NDT I.RDNDVII (Red Edge Normalized Differ-
ence Vegetation Index 1, 2131 IH —fLAH B 5% 1) .
STIL.NDTIE 8k RE-1H1 RF-2 247 15 50, P45 44
¥y B11.B12 S BT B AG , 3 W 4 I 21 A B A
FEBAR BRI Y I E AL S A AR TR R
B10 ¥ Beg T R R AL A B, B KRR
W RE 1 2% B BE XA IF 5 Hh B ORRUH A AR
AT, 3 AT B8 5 K J2 BF 5 IX 28 i B R AR AR D)
[P

[ B

NBR2 NDVI
REIP
= Ak

(b) RE-1-Fk

BE5 MENRAERENEHNTURMEZEHF

Fig.5 Frequency and importance ranking of input index in Random Forest model

5 % i

A% 30 H T Sentinel-2 £ B 15214, i 1 48 45 K
A R T WF 580 2 808 0, R FH R AL AR ARG TR T
TR by R OK AR AR B A L B R DT
25

(1) Sentinel=2 & 73 R Z W AH AR 7T T4
A S JoT M SO0 2% A T A AR ) oo T RRURS A 4 BB, A
@R ER R I B 1 I N s el o/ N L V= N
PR AR BE AT 35 85.03% , F1_Score 2 0.70, Kap-
pa Z M 0.83, TG fE K5 20 A b PR 1f AR B B
SR, I X S A AR B B A 5 R TR KO TR A B AR
pUESES I E R

(2) 5 Bl 52 AR A L, 22 B A 52 A% fE W T A [R]

e W5 B, AR BOE £ & fOLIE R R, ol A 0%
AR A R B T B AR
eSS

(3) 5 oA Aol A i AR 4 BO A 8 I el A DXl
N7 R RN B A N T 22 A R TR R e
W fEYREM AN = 22 R BT RS BRI RN
T 22 5 A8 K T 2K B D i 22 S Dy X 28Ok
18 2 Sl A5 T oK 0S5 Ao e AR /1 (8] ISP il A 1o
B

2 2% 3L Hf (References) :

[1] Chen Y, Lu D, Luo L, et al. Detecting Irrigation Extent,

Frequency, and Timing in a Heterogeneous Arid Agricultural



330

36 %

[3]

[4]

[6]

[7]

[8]

[9]

[10]

Region Using Modis Time Series, Landsat Imagery, and An-
cillary Data [J].Remote Sensing of Environment, 2018, 204:
197-211.

Lu Ling, Cheng Guodong, Li Xin. Study on the Landscape
Pattern of Zhangye Oasis in the Middle Reaches of Heihe Riv-
er Basin [J] .Journal of Applied Ecology, 2001, 12(1) : 68~
T4 E R MR AR R AL B B X5 0L R AL BF 5
[J). R A= 252 4, 2001, 12(1) : 68-74. ]

Wang Shuguo, Ma Chunfeng, Zhao Zebin, ez a/. Estimation of
Soil Moisture of Agriculture Field in the Middle Reaches of
the Heihe River Basin based on Sentinel-1 and Landsat 8 Im-
agery [J]. Remote Sensing Technology and Application,
2020,35(1) : 13-22. [ R, B4 B, 45 26 T Senti-
nel-1 J% Landsat 8 §C 4 iy ST o jife A H - 3K oAk 35 (1] 38
JEHA S R L2020, 35(1) :13-22. ]

Jiao Yuanmei, Ma Mingguo, Xiao Duning. Study on the
Landscape Pattern of Zhangye Oasis in the Middle Reaches of
Heihe River Basin [J]. Glacier and Frozen Soil, 2003,25(1):
94-99. [ fh A, ST, B 27 . AR I R B ok Ak U
A% SR B 5E [T]. vk 1k £, 2003,25(1) : 94-99. ]

Zheng Lugian, Tan Minghong. A Comparative Study of Water
Use Efficiency of Different Crops in the Middle Reaches of Hei~
he River and Its Implications for Planting Structure Adjustment
[J]. Journal of Geo-information Science, 2016, 18(7) : 977-986.
[ B A5, 1% B A S ) b DX 0 P K 08 L5 B P AR 5
Hi AL Ds I IF5E [T]. ks BB 242441, 2016,18(7) : 977-986. ]
Cabral ATR, Costa F L. Land Cover Changes and Landscape
Pattern Dynamics in Senegal and Guinea Bissau Borderland
[J]. Applied Geography, 2017, 82: 115-128.

Esmail M, Ali M, Negm A. Monitoring L.and Use/Land Cov-
er Changes Around Damietta Promontory, Egypt, Using RS/
GIS[C]//12th International Conference on Hydroinformatics
(HIC)-Smart Water for the Future, South Korea, 2016, 154 :
936-942.

Pea M A, Brenning A. Assessing Fruit-Tree Crop Classifica-
tion from Landsat-8 Time Series for the Maipo Valley, Chile
[J]. Remote Sensing of Environment, 2015, 171:234-244.
Skakun S, Franch B, Vermote E, ez al. Early Season Large—
Area Winter Crop Mapping Using Modis NDVTI Data, Grow-
ing Degree Days Information and a Gaussian Mixture Model
[J]. Remote Sensing of Environment, 2017, 195 (15) :
244-258.

Son N T, Chen C F, Chen C R, ez al. Classification of Multi-
temporal Sentinel-2 Data for Field-Level Monitoring of Rice
Cropping Practices in Taiwan [J]. Advances in Space Re-
search, 2020, 65(8):1910-1921.

Kamthonkiat D, Honda K, Turral H, et a/. Discrimination of
Irrigated and Rainfed Rice in a Tropical Agricultural System
Using Spot Vegetation Ndvi and Rainfall Data [J]. Interna-
tional Journal of Remote Sensing, 2007, 26(12): 2527-2547.

[14]

[16]

[19]

[20]

[21]

[22]

[23]

Ozdogan M, Gutman G. A New Methodology to Map Irrigat-
ed Areas Using Multi-temporal Modis and Ancillary Data:
An Application Example in the Continental Us [J]. Remote
Sensing of Environment, 2008, 112(9): 3520-3537.
Basukala A K, Oldenburg C, Schellberg J, ez al. Towards
Improved Land Use Mapping of Irrigated Croplands: Perfor-
mance Assessment of Different Image Classification Algo-
rithms and Approaches [J]. European Journal of Remote Sens-
ing,2017,50(1): 187-201.

Ragettli S, Herberz T, Siegfried T. An Unsupervised Classifi-
cation Algorithm for Multi-temporal Irrigated Area Mapping
in Central Asia [J].Remote Sensing,2018,10(11).

Gomez C, White ] C, Wulder M A. Optical Remotely Sensed
Time Series Data for Land Cover Classification: A Review
[J]. ISPRS Journal of Photogrammetry and Remote Sensing,
2016, 116:55-72.

Mitsopoulos I, Chrysafi I, Bountis D, er al. Assessment of
Factors Driving High Fire Severity Potential and Classification
in a Mediterranean Pine Ecosystem [J]. Journal of Environ-
mental Management, 2019, 235: 266-275.

Hao P, Zhan Y, Wang L, ez al. Feature Selection of Time Se-
ries MODIS Data for Early Crop Classification Using Random
Forest: A Case Study in Kansas, USA[J]. Remote Sensing,
2015, 7(5): 5347-5369.

Panda S S, Ames D P, Panigrahi S. Application of Vegeta-
tion Indices for Agricultural Crop Yield Prediction Using Neu-
ral Network Techniques [J]. Remote Sensing. 2010, 2(3) :
673 - 696.

Reed B C, Brown J F, VanderZee D, e al. Measuring Phe-
nological Variability from Satellite Imagery [J]. Journal of
Vegetation Science, 1994, 5(5):703 - 714.

Huemmrich K F, Privette J L, Mukelabai M, ef a/. Time-Se-
ries Validation of Modis Land Biophysical Products in a Kala-
hari Woodland, Africa[J]. International Journal Of Remote
Sensing, 2005, 26(9) : 4381-4398.

Jeong S, Kang S, Jang K, ez al. Development of Variable
Threshold Models for Detection of Irrigated Paddy Rice Fields
and Irrigation Timing in Heterogeneous Land Cover[J]. Agri-
cultural Water Management, 2012, 115:83-91.

Huete A R, Liu H Q, Batchily K, ez a/. A Comparison of
Vegetation Indices over a Global set of TM Images for EOS—
MODIS[J]. Remote Sensing of Environment, 1997, 59(3) :
440-451.

Huete A, Didan K, Miura T, ez a/. Overview of the Radio-
metric and Biophysical Performance of the Modis Vegetation
Indices [J]. Remote Sensing of Environment, 2002, 83 (1-
2):195-213.

Deventer A P, Ward A D, Gowda P H, e a/. Using Themat-
ic Mapper Data to Identify Contrasting Soil Plains and Tillage

Practices [ J]. Photogrammetric Engineering &. Remote Sens-



%2 W2 DU 55 - 5L T 2 I A Sentinel — 2 52 48 84 SR AT Hh i T K MR w1 AR RO 5T 331

ing,1997,63(1):87-93. [26] You N, Dong J. Examining Earliest Identifiable Timing of

[25] Congalton R G. A Review of Assessing of the Accuracy of Crops Using all Available Sentinel 1/2 Imagery and Google
Classifications of Remotely Sensed DatalJ]. Remote Sensing Earth Engine[J]. ISPRS Journal of Photogrammetry and Re-
of Environment, 1991, 37(1): 35-46. mote Sensing, 2020, 161: 109-123.

Extraction of Maize Planting Area based on Multi—temporal
Sentinel-2 Imagery in the Middle Reaches of Heihe River

Chen Yansi"*,Huang Chunlin', Hou Jinliang', Han Weixiao"*,Feng Yaya'”,
Li Xianghua'*, Wang Jing’
(1.Key Laboratory of Remote Sensing of Gansu Province, Northwest Institute of Eco—Environment and
Resources, Chinese Academy of Sciences, Lanzhou 730000, China;
2.University of Chinese Academy of Sciences, Beijing 100049, China;
3.Gansu Food Inspection and Research Institute, Lanzhou 730000, China)

Abstract: Maize is the crop with the largest planting area in the middle reaches of the Heihe River, with large
water requirements and high evapotranspiration during the growing period. Accurately obtaining the maize plant-
ing area has important significances for the adjustment of crop planting structure and reasonable planning of wa-
ter resources in the region. The object of this paper is to assess the value of multi-temporal Sentinel-2 data for
extraction of maize planting area in the middle reaches of the Heihe River from April to September 2019. The
random forest algorithm was adopted in this work. The research methods were divided into two categories: ex-
traction directly and two—step extraction. Further discussed the impact of multi— temporal information as input
on the classification accuracy, and analyzed the importance of the input feature parameters of the model in the
extraction process. The results showed that the two—step extraction method based on Sentinel-2 multi-temporal
images could accurately extract the maize planting area in the study area with the overall classification accuracy
0f 85.03%, F1_Score of 0.70, and Kappa coefficient of 0.83. Compared with single image , multi-temporal im-
ages could effectively improve the accuracy of crop classification, obtaining differently crop phenology informa-
tion. The research demonstrates the value of obtaining highly heterogeneous crop information based on high-res-
olution optical image combined with machine learning method.

Key words: Maize planting area; Time series satellite imagery ; Sentinel-2 ; Random forest



