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Table 1 Parameters of the remote sensing image data for the study area

e om0 s
1 Landsat3 ~ MSS  130/44 1979-10-18 79 0.00
2 Landsat3 ~MSS 131/44 1979-10-19 79 0.00
3 Landsat5 TM  121/44 1988-12-19 30 0.02
4 Landsat5 TM  122/44 1988-11-24 30 7.49
5 Landsat5 ™  121/44 1994-10-01 30 0.04
6  Landsat5 T™  122/44 1994-10-24 30 0.20
7  Landsat5 TM  121/44 1998-09-26 30 3.10
8 Landsat5 TM  122/44 1998-11-04 30 0.48
9  Landsat5 ™  121/44 2004-10-12 30 0.03
10 Landsat5 T™  122/44 2004-10-19 30 0.12
11 Landsat5 ™  121/44 2008-12-10 30 0.12
12 Landsat5 TM  122/44 2008-12-01 30 0.28
13 Landsat8  OLI  121/44 2013-10-05 15 0.01
14 Landsat8  OLI  122/44 2013-12-31 15 0.14
15 Landsat8  OLI  121/44 2019-11-23 15 4.00
16 Landsat8  OLI  122/44 2019-11-14 15 0.23
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Table 2 Interpretation mark and determination principle of Shenzhen coastline
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Fig.2 Principle of tidal correction.
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Table 3  Intensity index of human action of different shoreline
types in Shenzhen
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Fig.3 Spatial change of Shenzhen coastline from 1979 to 2019
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Fig.4 Spatial distribution of different coastline types in Shenzhen



XX 1Y) TRFRIAE BT 40 SRR A2 2 A8 Th A e g ) 7
F4 EAOERFNAEREBERRBENELEKE
Table 4 Coastline length of different coastal types in Shenzhen in recent 40 years km
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A 4y, LR A R RE B AR M o R DL
BOAs IR 2%, B3 . 60, +90 m/a Kl i %
X545 R B HOR X R . o, (o0, -90] . (<90, -
60]. (-60,-30]. (-30,30). [30,60). [60,90).
(90, +oo) F3HIRE R F Fili el g 5 [a) b A EE BEAR Bk, th
A, REERM ., P AR BREY K Y
ik, HEY IR 7R AR b
3.1 FEEMUO—KFEERER
HE 7 aFAL, R ) O — R R Berp
41.44% 1) FE LR AR ML R AEE30 m/a LY, BIALF3F
i e R IR ES 5 44.75% 1) 2 BE A1 41.68 m/a )
IS 3G a2 7 2 R R R 2 A 8 B BRI Y 5K, 8.84% W s B LLAEYY 70.60 m/a

Fig.5 A comprehensive index of coastline utilization mode and

utilization degree
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Fig.6 The structure and diversity index of different coastal types
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Fig.7 The coastline change rate of Dongbao River estuary-Dachan Bay (a. spatial distribution of Linear Regression Rates (LRR);

b. Linear Regression Rates (LRR) distribution statistics; c. End Point Rates (EPR) distribution statistics)
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b. Linear Regression Rates (LRR) distribution statistics; c. End Point Rates (EPR) distribution statistics)
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Fig.10 The coastline change rate of the eastern coast of Dapeng Bay and the western coast of Daya Bay (a. Spatial distribution of Linear Regression

Rates (LRR); b. Linear Regression Rates (LRR) distribution statistics; ¢. End Point Rates (EPR) distribution statistics)
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Table 5 The expansion process of key artificial sites
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Table 6 The main development history of hot spots of artificial expansion
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Fig.11 Framework of coastal zone protection and utilization planning and development pattern in Shenzhen.
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Remote Sensing Monitoring of Shenzhen Coastline Changes over the Past 40 Years

Wei Shiyun', Fu Dongyang'**, Liu Dazhao'”, Xu Huabing'’, Li Gaocong'’ and Cheng Yangyan'
(1. College of Electronics and Information Engineering, Guangdong Ocean University, Zhanjiang 524088, China; 2. Shenzhen Research Institute of
Guangdong Ocean University, Shenzhen 518018, China; 3. Provincial Engineering and Technology Research Center of
Marine Remote Sensing and Information Technology, Zhanjiang 524088, China)

Abstract: Since the reform and opening-up, the ecological environment of the coastline of Shenzhen has been
under pressure from high-intensity human exploitation activities. Additionally, the structure, type, and length of
the coastline has undergone significant changes. Studying the changes of the Shenzhen coastline over the past 40
years is helpful to reveal its spatial and temporal evolutionary processes and driving mechanisms to provide a
reference for the protection and utilization of coastline resources. This study screened 16 scenes of the Shenzhen
regional Landsat remote sensing images from 1979 to 2019, and performed a coastline extraction using remote
sensing (RS) and geographic information system (GIS) methods to ensure alignment, accuracy, and extraction
precision to meet the research requirements. Based on four coastline evaluation indexes (End Point Rates, Linear
Regression Rates, Coastline-type Diversity Index, and Comprehensive Index of Coastline Utilization), the
spatiotemporal characteristics of the coastline length, structure, types, and rate of change were analyzed to
explore the factors driving the spatio-temporal evolution of the Shenzhen coastline. The results found that over
the past 40 years, (1) the length of the Shenzhen coastline has experienced a continuously increasing trend, with a
total increase of 41.52 km, and an average annual growth of 1.04 km. All the natural coastlines within the coastal
area of Shenzhen decreased significantly to varying degrees, with a total decrease of 56.61%, while the
proportion of artificial coastlines increased rapidly. (2) The change in coastline type in Shenzhen is mainly from
the early muddy and sandy coastline to the farming reclamation and engineering construction coastline, i.e., the
transition from natural to artificial shore. Among them, coastline length increased the most from 1979 to 1988.
The most drastic coastline change was observed from 1979 to 1994, and the peak period of land reclamation was
from 1994 to 2008. After 2008, Shenzhen coastline development gradually entered a sustainable and rational
stage. (3) The spatial vicissitudes of the Shenzhen coastline have progressed through the stages of initiation,
acceleration, and rational restriction. Areas with significant coastline expansion were located in Bao'an
International Airport, Qianhai Cooperation Zone, Shenzhen Bay of Houhai, Yantian District, and near Longqi
Bay. The change in the west coast of Shenzhen is more drastic than that of the east coast. The maximum rate of
change (EPR) on the west coast reaches 422.19 m/a, which occurred during the Shekou Peninsula seaward
extension period from 2004 to 2008. The EPR on the east coast reached the highest level of 449.65 m/a during the
development and construction of Yantian Port from 1994 to 1998; and (4) the Shenzhen coastline change is a
dynamic and a continuous process of change. Human activities, special zone policies, and natural factors were the
main driving forces of the coastline changes. The special zone policy is the core driving force for Shenzhen's
population expansion, urban sprawl, and the fundamental reason for the reduction in natural coastlines and the
growth of artificial coastlines. This study provides important guidance for future sustainable urban development
in Shenzhen.

Keywords: coastline; farming reclamation; engineering construction; driving factors; sustainable development;
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