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Figure 1 (Color online) China’s coastal segments of study area. Table 1 is for the meaning of the segment code
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Table 1 Coastal segments in the coastal zone of China
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Figure 2 Flow chart of intertidal zone extraction
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Figure 3 (Color online) Tidal correction schematic diagram'®”
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Figure 4 Different waterline samples. (a) Bedrock waterlines; (b) sandy waterlines; (¢) muddy waterlines; (d) water lines of aquaculture pond and salt
pond barrier
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Table 3 Land use types of intertidal zones in China
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Figure 5 Intertidal area and its proportion of each province in coastal
China
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Figure 6 (Color online) The intertidal distribution map of China in 1995 (a) and 2015 (b)
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Figure 7 Intertidal area and its changes of each coastal segments in China

WL fRE, TR TP R SEA O (ET). Hdsm
R B 5 K A VR A, T R) A TR N T 100 km?,
BT 0E BE 1K 67.2%, TV 4G B3 0 e R Aok, L
Ti) 5 TET FR G0 1230 k', 48 1 1442.4%.

10T 4 B i s -0 2 1L 7 1A, Ay R BEg T
BRI 53500 TR 5 R SRR
559, WEUR B L, BT LAIL T4 W A) A 38 B0 38 i i)
B AN AR 3 5 VD B A 2002~201134F [1] )%
B BT, R O R v PG A AR AR VS L R
P v 1 A, i BT 35 1R AR ) i A A 0L K
Ly = V5 % 5 9t 71 1995 4F- JG 1 [ 417 43 A7, {HL 1B B J 7
B X AMI T 18 114 45 R 7K I st 1) 3 B S 4 3% 3 4 U v
R BT B METR ™, ) A .

o A B A A T B - K RN AR 22 R O AR
AR A AL ) s A U, A B B AR R . — T
T A 8 A8 W0 B) Al T & AR 3 D KR -2V 1
AR TE 1995 4F Ho bk &7 F A (8] 47 290 178 km?,
20154 It BE LA BT . BRam s i e A, R
T AR AR A /D B D, Hoh 5 B ) PR A b
J— AL S AR . AT
{2k ™ F Y R B /D, i L SR AR ol A IR SR R A T VA
B, WD o A b AU RN D U VA R AR Tk
g1 [ A A IR R B S, SR NV R 9 PR
W L RV R OB R AUV O AR IR L
X kb FIRBUIRZS, W R m AN AS, V31 R

464

AN TBEF /I (1 ) P ) 7 RS D 48 i 45491,

3.3 v IEIDE A R B W A i AR K A

19954, 76 1 [ Wil 45 52 B v, 3 ) AR K
() ot B R TT IR W MO - VT A 1T L VR ] -
FE VS T TR ACHERT -1 AR B K O, W
H e s A AT T L 2R SR T RN AR ER YL -
BTl 11, o 4 FE A (a5 1 R Y 34% (8 4). Hid Ty
W2 s - YT AT 1 ) 45 o A T AR A ), 15 8112038
km?®, (5 1995 4F il [H] 47 5 I AL A 13.2%.  $]20154F, 1E
Hh VRS R Bl T T R R K ) R B Ry it
LRI TR A O VLR P - RV T
L1 2R B R] A T - B 7K Y] 11 L 5 230 - R v o T
BENE Sb ANy N b Y 2 g e R ] 151 s W ERTAT 28
KFN2169 km?, (5201 54E 1 a4 5w 15.4%

AT AN [A] BRI R 2R — ) 20T vh il 5
TV VR B sE ma B2 EOR[R), DA R OT R R BB R
], e A ) () o o A AR AL R K25 5. 7E 1995~
20154 (8], 34 6] 45 10 B A i £ 1) 5 BE S 1 1 2 i
WV A R, el ) 1 R A 502.49 km®, A
/U ()45 T AR 4 36.5%. B 4K SCHik % B 1996~19984F
ERIEVT T PR VD v R AR OO R Vb R R R T
VRSP S5 AL £ T v 0, (EL R 4 A2 T s i), )
VMR B SO, O A AU, HROR TR
WEAR A VLI F s, A0 1 AU /0327 km?, (508



/U ) A TR AR 4 23.6%; Y95 8T T s - KA 1 U
A>320 km?®, o el [0 7 1 R A9 23.3%.

T [0 A T ARk 2> 14) 4 A Ak 6 i R ) 2 W VAR T
] W LIRS 1, AR R o -3.88%, MIEISHAT L
F L, B A S AR LA O I ., U LRI
PN 1 2R B I 1) vl — 0 0 i i, 8 3 il - b
EL e & Toll, (Rl Bl 5 A ok 7 o, i (A S A
) V4 RS, 7E 1995 4F Ho il 1] 4 1 B R 320 km?, 7E
201 S4F H: 3] 5] 47 1 AL /D 272 k.

FE L2041, 355 4 e B3 118 0 1) T AR 7 385 o,
) [ Ay RS N 22 1) R B AN W VT K -
AR INIIE: s IPN AR v SN i S IR N By 7
M. NAFEARE RO E, M0G0 - 7)1 A3 T

B8 (2 ROR () S 2 5t B e A2 Ak

R, KEN17.11%, 1E19954F H )4 mi AR L 17 km?,
FE201SAE A HF I ALA 77 km?y HKIE S -k
BT, RIS F]10.24%, 19954F I 5 B A
TIFR R 14 km?®, 7E20 1S4 ] 8] 47 18 ALk #1042 km?,

4 rhIEER AR s ) b

SR 22 200 1 5 2 i 6 ol fry 222
BRSSP 2 I AR, AT A
D 3 L5 % o 6 DR 3% 5 00 25 9 0 1 22 1K
WAV H S A AT T i A T DR 3R 2 A
41 P ICNSAR RE REAE S I 45

O A L0 2 B R R P A

Figure 8 (Color online) Changes of intertidal zone of typical coastal segments
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Table 4 Changes of intertidal zone of each coastal segment in 1995 and 2015 in China (unit: km?)
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3 253 -120 -2.38 30 14 28 10.24
4 109 85 3.87 31 134 -17 -0.62
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Figure 9 Land use type proportion (a) and areal change (b) in China’s coastal intertidal zones in 2015
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Figure 10 Land use types of intertidal zone of each province in China in 2015
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Figure 11 China’s coastal sea level change since 2000. Source: China Sea Level Bulletin 2000-2015
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Intertidal zones are located in the transitional area of sea and land and are important to biodiversity protection, social and eco-
nomic development, and global environmental changes. However, due to the irregular dynamics of the tides and the regular
local time of satellite transit, it is challenging to monitor the extent of intertidal zones using only satellite remote-sensing meth-
ods. Until now, there has been no complete dataset of China’s coastal intertidal zones and knowledge about their distribution is
limited. In the work described in this paper, we first used 156 Landsat Thematic Mapper/Operational Land Imager images cov-
ering the entire coastal area of China in 1995 and 2015 to extract the instantaneous shoreline water boundaries. Then, by com-
bining the tidal level information at the transit of the satellite, we simulated the average high- and low-tide lines and determined
the spatial and temporal distribution of intertidal zones by the geographic information system method. At the same time, the
land-use types across the intertidal zones were manually interpreted based on high-resolution images from Google Earth. On
this basis, the spatial and temporal characteristics of intertidal zone changes across China’s coastal areas and their driving fac-
tors were researched. The results follow. (1) In 2015, the total area of the intertidal zone in China was approximately 14070
ka, of which Fujian Province (18%) was the most distributed in the intertidal zone, followed by Liaoning Province (15%),
Shandong Province (14%), Jiangsu Province (12%), and Guangdong Province (11%); the smallest area was distributed in Hai-
nan Province (2%). (2) From 1995 to 2015, the national intertidal zone area decreased by 1375 km’, approximately 8.9%. The
intertidal zone area of different provinces and cities showed different increasing and decreasing trends. The largest reduction of
intertidal zones was in Zhejiang Province, with an area decrease of 1189 km’. The intertidal zone area of Jiangsu Province was
greatly reduced, by which its first position of having the most intertidal zone area of China in 1995 decreased to the fourth in
2015. The intertidal zones in Fujian Province exhibited the greatest increase, reaching 453 km”. The area of intertidal zones
between the ports of Shanghai Luchao and Zhejiang Jintang exhibited the greatest decrease, reaching 56.5%. The area of inter-
tidal zones between Fujian Shui’ao and Anhaiwan estuaries increased the most, reaching 37.28%, an area of 445.59 km% (3)
The trend of development and utilization of intertidal zones continues to increase. In 1995, the coastal intertidal zone area oc-
cupied was 3490 km®, and by 2015, it had reached 4581 km®. The type of development and utilization of intertidal zones
changed from agricultural sea (41.8%) to marine aquaculture; the proportion of urban construction occupied also reached 13%.
At the same time, the intertidal zone area in the cofferdam (under construction/unknown use) continued to grow, from 18.1% in
1995 to 29% in 2015. The intertidal zone showing the greatest level of development and utilization among the coastal provinces
is Jiangsu Province, with an occupied area of 1646 km’, accounting for 35.9% of the developed and utilized national intertidal
zone, with the main types of utilization being agricultural sea and mariculture. The other provinces that developed intertidal
zones are Guangdong (13.7%), Shandong (12.5%), Liaoning (10.9%), and Shanghai (10.3%). The main development and utili-
zation types of intertidal zones are urban construction and mariculture, with a large number of intertidal zones presently under
development. (4) The “squeezing effect” caused by the combination of artificial and natural factors have caused the reduction
of intertidal zones in China. Human development mainly includes marine aquaculture, industrial development, port expansion,
urban construction, and reclamation. And the actual high-tide line has moved towards the sea by artificial intertidal zone de-
velopment. The velocity is even higher than that of low-tide line, resulting in the reduction of intertidal zones. Natural factors
mainly include rising sea level and other factors, such as changes in the sediment concentration of rivers entering the sea and
coastal hydrodynamic forces, which are also important factors affecting the change of coastal intertidal zones. These factors
contribute to the drift of some intertidal zones towards the sea and the expansion of the area. The contradiction between eco-
nomic development and coastal ecological environmental protection is still outstanding.

intertidal zones, wetland remote sensing, tidal correction, China coastal wetland
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