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Fig.6 Changes of coastal erosion or expansion in the Greater Bay Area of Guangdong-Hong Kong-Macao from 1989 to 2021
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Table 4 Land erosion or expansion of coastal area in each time period
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TRk 0.41 1.60 0.67 0.48 1.06 1.08
IRELIER S 13.81 10.76 2.00 0.98 0.85 1.05
IRoE(Z il 0.39 0.93 2.34 0.51 0.55 0.12
REEY TR 7.38 3.06 5.72 0.41 133 0.87
IR 1k 1.62 242 1.48 1.58 3.32 1.35
Rk 14.01 18.65 24.32 15.48 6.42 6.86
R 3.91 1.59 1.48 8.24 475 1.11
FUEY TR 10.93 5.62 18.39 2.36 13.70 521
MR 2.71 4.96 429 3.78 0.84 0.68
YAES 11.28 4.89 4.90 3.94 21.15 3.72

32 SERE LR R FE 5., Xt B8 Google Earth L& [y S 52 A% X A1 Rk

ACHEAT b MR 28 AL M0, DA SRR BE RN

321 EE LA R o £ A EIAE Kappa Z B TR BEVTAN, S 245 21 ARG BE 45 5 n

TE GEE V-3 3CHF T, 58 X AR 0y 1 18 B
18, 73 A e B RIS DX P 0 328 B At 5
ARHL . AR B | DA 5B A% 200 R

5 R TR W, BT REALARAR 2807 B R
i N Kappa ZEUIITE 0.88 LU I, W04 A&
ARWRHFIT 2R, I35 H 2016 F1 2021 4F (1) S {40k B
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Table 5 Accuracy of land classification in the Greater Bay
Area from 1989 to 2021

FE0 BRI % Kappa %
1989 90.725 7 0.887 4
1994 91.3346 0.892 1
1999 90.867 2 0.886 7
2004 92.1103 0.903 2
2009 93.4723 0.916 3
2016 94.362 5 0.9271
2021 94.781 4 0.938 4
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2005 4F-19 523.79 12.7t, ¥4 25.13 ALTT/AE, 4Rlk
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B TR UE AR D, KSR A 786.86 km” i /L
] 483.74 km”, JI 5 ISR LT 9.16% Jei/ %)
5.63%; MHBITRNH 3 326.97 km” J8/0F 2 676.79 km’,
JIT o A 2 AR G DA 38.74% i 2D B 31.17%;
B b E A 2 054.61 km” 38/ ] 788.66 km’, it (5
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Fig.7 Temporal and spatial distribution of land use in coastal zone of the Guangdong-Hong Kong-Macao Greater Bay Area
from 1989 to 2021
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Table 6 Area and proportion of various land use types in the coastal zone of the Greater Bay Area from 1989 to 2021

R 6 19892021 FAERFEHE LA ALBEMARK LG

i A i K A i FR5H it
MAVkM® B4 /% TORVKkm® EAH/% TRKM' EArHY% TBVKm' E4rty  TRVKkm® E4bEc  TAVKmT E 4%

1989 61070 7.1 332697 3874 786.86  9.16 114481 1333 205461 2392 66498 774
1994 128859 1500 319452  37.19 708.60 825 151367 1762 121435 1414 66920 779
1999 191282 2227 307982 3586 54861 639 133338 1552 103215 1202 682.15  7.94
2004 1988.04 23.15 3008.60 35.03 528.70 6.16 1399.93 16.30 940.34 10.95 723.32 8.42
2009 201870  23.50  2962.96  34.50 505.56  5.89 1408.54 1640 918.02  10.69 77515 9.02
2016 212553 2475 292197  34.02 499.02 581 142395 1658 823.88 959 79458 925
2021 2437.53 2838 267679  31.17 48374  5.63 139696 1626 788.66  9.18 80525 938
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Variations of shoreline and land use in Guangdong-Hong Kong-Macao Greater
Bay Area from 1989 to 2021

YIN Nannan', TANG Jun'", YANG Yuanwei', GAO Xianjun', SONG Shuhua"*’, HU Qian’

(1 College of Earth Sciences, Yangtze University, Wuhan 430100, China; 2 School of Mathematics and Statistics, Lingnan Normal University,
Zhanjiang 524000,China; 3 Sky Digital Technology Co., Beijing 100176,China; 4 School of Computer Science, China University of Geosciences,
‘Wuhan 430070, China)

Abstract: Using 7 periods of the Landsat TM/Sentinel-2 MSI remote sensing image data from 1989 to 2021 with
the help of Google Earth Engine (GEE) platform, we extracted 7 periods of shoreline information from Guang-
dong-Hong Kong-Macao Greater Bay Area using the Modified Normalized Difference Water Index (MNDWTI),
Canny edge detection algorithm, and remote sensing interpretation classification method. The spatial and tempor-
al characteristics and drivers of shoreline evolution were analyzed in terms of shoreline length, intensity of
change, shoreline diversity, shoreline land area change, and shoreline land use change. The results show that:
(D The shoreline length of the Greater Bay Area continued to increase from 1989 to 2021, with the total increase
of 243.28 km. The variation intensity of shoreline evolution was in phase: slow growth before 2004, and fast
growth after 2004 during which 2004—2009 was the fastest period. (2) The shorelines in each region of the Great-
er Bay Area varied to some extents, of which Zhuhai, Hong Kong, Shenzhen and Macao had the greatest shoreline
changes while other regions were relatively stable. (3) From 1989 to 2021, the shoreline types changed signific-
antly as artificial shorelines grew notably, which gradually replaced the natural shorelines as the main body of
shorelines. The artificial shorelines were increased by 651.17 km in total at the high rate of 172.21%, while the
natural shorelines were decreased by 407.89 km. (4 During the study period, the area of land was extended signi-
ficantly in the Greater Bay Area by 492.80 km’ with a fast growth rate of 15.4 km’/a, and the type of land use in
the shore zone shifted remarkably from forest land, grassland, and water to construction land and farming land.
(5 Human activities such as sea-farming, port construction, and land reclamation were the main causes of
shoreline changes in the Greater Bay Area; and the natural environmental conditions and anthropogenic activities
were the important drivers of shoreline evolution in the Greater Bay Area.

Key words: Guangdong-Hong Kong-Macao Greater Bay Area; Modified Normalized Difference Water Index;

shoreline evolution; remote sensing interpretation
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