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Abstract: Objectives: Land cover classification is crucial for understanding surface features, monitoring
ecological environments, and managing natural resources. The objective of this research is to construct a
long short-term memory (LSTM) model for land cover classification using Sentinel-1 multi-temporal co-

herence matrices and to evaluate its effectiveness by comparing it against other three classification methods.
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Methods: Multi—temporal coherence matrices from Sentinel-1 synthetic aperture radar images were used to
train an LSTM neural network for land cover classification. The Sentinel-1 coherence matrix was firstly
transformed to sequences according to the temporal baseline intervals and then input into the LSTM model
to predict the land cover types. This LSTM-based method was then compared against other three methods:
(1) support vector machine (SVM) and (2) convolutional neural network models taking the Sentinel-1 co-
herence vectors and matrices as input, and (3) SVM model with the input of Sentinel-2 multi-spectral fea-
tures. Transfer learning experiments were also conducted to assess the generalization capability of the
LSTM-based method. Results: The study area was selected in Zhangwu County, Fuxin City, Liaoning
Province, China, where three test regions are chosen to conduct the land cover classification by using the
four different methods, respectively. Experimental results demonstrated that the LSTM model with the
Sentinel-1 coherence matrices achieved classification accuracies of 93.7%, 89.9% and 87.6% in the three
test regions, respectively, with an improvement in classification accuracy by approximately 1% to 10% com-
pared to other methods. However, the results of the transfer learning experiments reveal that the generaliza-
tion capability of the LSTM model is not desirable and needs further enhancement. When trained solely on
region 1 and tested on regions 2 and 3, classification accuracies dropped to 45.7% and 47.4%. To enhance
classification performance and model generalizability, a comprehensive sampling strategy was implemented
by integrating data from all three regions for unified training. This approach achieved regional classification
accuracies of 92.8% , 87.8%, and 86.4% , effectively mitigating sample distribution bias and significantly
improving cross—region adaptability. Conclusions: The LSTM model utilizing Sentinel-1 coherence matri-
ces as input features shows promising performance in land cover classification, particularly in areas affected
by cloud cover. However, transferability of the model has high demand for the training samples, which can
inhibit its applicability to wider regions. Future research is needed to optimize transfer learning strategies to en-
hance the model’s adaptability and classification accuracy across different experimental regions.
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FAN L TEXT i o R 2 Giffard-
Roisin 252 fifi F] i) CNN AR | 50 500 25 4 %5 O oy
B ER X vk g DU L b XY MRS AR R
81 % , Eb LAAH ) & A i A SVM B ALK JiE 42
BT 3%, H %A CNN B B AR 7F 15 5 HIT
F5 i 2 B H R HL S S R o A I 5 s R AR5
LA AT RE B ) 1 SE 5 R A M R R, ROk
8 AT 5 A, T R R T B 2 R 2 ) BB AE - M B
RS RRRR . FEITBFEI LG, G4
SO A T Xk 1 B AT I 2R 5 4 A
X R 2 A X sk 3 b i AT I B, OA 43 3 B &
45.7% FVAT.AY, 3 B 7 5 A B X AT B 1 1Y
ZALRE ) T B PR T s A R AR
18 58 B TR (1497 A PERE AR SCHE— 2B 223, T — Fh
TR AR R B 0 I 2R SR BRI 3 AN F 5 X
Sl 1) 5 U AT B8 — N e, T 45 X Jal B i
W3RN 7 A UL T R BE T RE S R Y
BEA N A AT )8, S 4R T T o 2R .

KW TAET B — W RIE AT R 2
SR, G A R AR R B P AR F 5 R R B
WM H bR, B RS 2 RS E R E T
2, DRGSR A R [ X3 0 38 N A 2R
[ T e - R O N i o LB
P BE 22 S, R OR I 9 T DR R A 2% Y A
RUBEAG 5] A TR S HLH AR DLtk — 25 i T A
Rz AGRE S R oy 28085 B . R T AR AR BR I, AR S
R BE AT A B B0 S b I R BHE L A R AE R K
A T BE A% AE B A S I B Y g X AT S
5o BRA T AE T2 0 S X i — 2B 56 E
AR ST B iz AR BE T, B TE S BR R R
VINIERS

Z £ X #

[1] VITOUSEK P M. Beyond Global Warming: Ecolo-

[2]

[3]

[5]

[7]

[8]

gy and Global Change[J]. Ecology, 1994, 75(7) :
1861-1876.

PERRING M P, DE FRENNE P, BAETEN L, et
al. Global Environmental Change Effects on Ecosys-
tems: The Importance of Land-Use Legacies [J].
Global Change Biology, 2016, 22(4).: 1361-1371.
ELLIS E, PONTIUS R. Land-Use and Land-Cover
Change[J]. Encyclopedia of Earth, 2007, 1: 1-4.
MRz, BV, BRI, 45 . 2Bk 30 m b 35 7 55 18 I
B 77 5 2 Globe Land30 [J]. Hb 3 {5 K it 5,
2017, 24(1): 1-8.

CHEN Jun, LIAO Anping, CHEN Jin, et al. 30-
Meter Global Land Cover Data Product: Globe
Land30[J]. Geomatics World, 2017, 24(1): 1-8.
MENDOZA-PONCE A, CORONA-NUNEZ R,
KRAXNER F, et al. Identifying Effects of Land
Use Cover Changes and Climate Change on Terres-
trial Ecosystems and Carbon Stocks in Mexico [J].
Global Environmental Change, 2018, 53: 12-23.
VERBURG P H, NEUMANN K, NOL L. Chal-
lenges in Using Land Use and LLand Cover Data for
Global Change Studies [J]. Global Change Biolo-
gy, 2011, 17(2): 974-989.

PRI, B , B O, 45 . b T A SR R A AT R
MEELI/OL). AR ER, [2024-11-01]. http://
kns. cnki. net/kems/detail/10. 1759. P. 20240205.
0831. 002. html.

ZANG Mingrun, LIAO Yuanhong, CHEN Zhou,
et al. Analysis and Summary of Land Cover Classifi-
cation Systems[J/OL]. Remote Sensing for Natural
Resources, [2024-11-01]. http://kns. cnki. net/kc-
ms/detail/10. 1759. P. 20240205. 0831. 002. html.
TOWNSHEND J, JUSTICE C, LI W, et al.
Global Land Cover Classification by Remote Sensing:
Present Capabilities and Future Possibilities[ J]. Re-
mote Sensing of Environment, 1991, 35 (2/3) :
243-255.



1554 BOBK AR (fF BB R 2025 4 8 A
[9] DISPERATI L, VIRDIS S G P. Assessment of [21] MISHRA P, SINGH D, YAMAGUCHI Y. Land

[11]

[12]

[14]

[18]

[20]

Land-Use and Land-Cover Changes from 1965 to
2014 in Tam Giang—-Cau Hai Lagoon, Central Viet-
nam[J]. Applied Geography, 2015, 58: 48-64.
RWANGA S S, NDAMBUKI J M. Accuracy As-
sessment of Land Use/Land Cover Classification
Using Remote Sensing and GIS [J]. International
Journal of Geosciences, 2017, 8(4): 611-622.
PHIRI D, SIMWANDA M, SALEKIN S, et al.
Sentinel-2 Data for Land Cover/Use Mapping: A
Review[J]. Remote Sensing, 2020, 12(14): 2291.
GASPAROVIC M, JOGUN T. The Effect of Fus-
ing Sentinel-2 Bands on Land-Cover Classification
[J].
2018, 39(3): 822-841.

TALUKDAR S, SINGHA P, MAHATO S, et

International Journal of Remote Sensing,

al. Land-Use LLand—Cover Classification by Machine
Learning Classifiers for Satellite Observations — A
Review[J]. Remote Sensing, 2020, 12(15): 1135.

ZHANG C, SARGENT I, PAN X, et al.

Deep Learning for Land Cover and Land Use Classi-

Joint

fication[J]. Remote Sensing of Environment, 2019,
221: 173-187.

VALI A, COMAI S, MATTEUCCI M. Deep
Learning for Land Use and Land Cover Classifica-
tion Based on Hyperspectral and Multispectral Earth
Observation Data: A Review [J]. Remote Sensing,
2020, 12(15) : 2495.

KARRA K, KONTGIS C, STATMAN-WEIL Z,
et al. Global Land Use / Land Cover with Sentinel-2
and Deep Learning[ C]// IEEE International Geo-
science and Remote Sensing Symposium IGARSS,
Brussels, Belgium, 2021.

ABDI A M. Land Cover and Land Use Classifica-
tion Performance of Machine Learning Algorithms in
a Boreal Landscape Using Sentinel-2 Data[J]. GI-
Science & Remote Sensing, 2020, 57(1): 1-20.
MALINOWSKI R, LEWINSKI S, RYBICKI M,
et al. Automated Production of a Land Cover/Use
Map of Europe Based on Sentinel-2 Imagery[J]. Re-
moteSensing, 2020, 12(21): 3523.

INGLADA J, VINCENT A, ARIAS M, et al.
Operational High Resolution Land Cover Map Pro-
duction at the Country Scale Using Satellite Image
Time Series[J]. Remote Sensing, 2017, 9(1): 95.
WASKEB, BRAUNM. ClassifierEnsembles forLand
Cover Mapping Using Multitemporal SAR Imagery
[J]. ISPRS Journal of Photogrammetry and Re-
mote Sensing, 2009, 64(5): 450-457.

[22]

[23]

[24]

[26]

[27]

[28]

[29]

Cover Classification of Palsar Images by Knowledge
Based Decision Tree Classi-Fier and Supervised
Classifiers Based on Sar Observables [J]. Progress
in Electromagnetics Research B, 2011, 30 (30) :
47-70.

ZHANG R, TANG Z Z, LUO D, et al. Combined
Multi-Time Series SAR Imagery and InNSAR Tech-
nology for Rice Identification in Cloudy Regions[J].
Applied Sciences, 2021, 11(15): 6923.

JR B, /N, R R, L NI R 55 X In-
SARBARBYM THEZ W [T]. SR E¥H (A
RBFERR) L 2023, 40(3): 62-70.

ZHOU Xincheng, ZUO Xiaoqing, LI Yongfa, et al.
Study on the Influence of Different Surface Coverages
on the Coherence of InNSAR Technology[J]. Journal
of Guizhou University ( Natural Sciences) , 2023, 40
(3): 62-70.

AMARSAIKHAN D, GANZORIG M, ACHE P,
et al. The Integrated Use of Optical and InSAR Da-
ta for Urban Land-Cover Mapping[J]. International
Journal of Remote Sensing, 2007, 28 (6) : 1161-
1171.

B 3CH, T, il . 3+ Sentinel-1 Ay #1271 3y
Py ] 56 A0 T 43 AT (7). b 3R 2 A B, 2022, 20
(2): 22-26.

SI Wenna, HE Min, WANG Maoshan. Temporal
Decorrelation Analysis of Different Land Coverage
Types Based on Sentinel-1 Images[J].
Information, 2022, 20(2): 22-26.
B4, EEH, MR, & BA IR FIMET
P ) O AR R B = A R ey 2 (D]
425@ iz, 2023(2): 52-57.

LI Zhenjin, WANG Zhiyong, YE Kaile, et al.

Combined Time Series Coherence and Backscattering

Geospatial

Coefficient for Wetland Classification in the Yellow
River Delta [J].
ping, 2023(2) : 52-57.

NIKAEIN T, TANNINI L, MOLIIN R A, et al.
On the Value of Sentinel-1 InNSAR Coherence Time-

Bulletin of Surveying and Map-

Series for Vegetation Classification [J]. Remote
Sensing, 2021, 13(16): 3300.

JACOB A, NOTARNICOLA C, SURESH G, et
al. Sentinel-1 InSAR Coherence for Land Cover
Mapping: A Comparison of Multiple Feature-Based
Classifiers [J]. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing,
2020, 13(1): 535-552.

GIFFARD-ROISIN S, BOUDAOUR S, DOIN M
(R¥EE5 1570 11)



