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Shape changes of Bohai Sea since the early 1940s
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2 University of Chinese Academy of Sciences Beijing 100049  China)

Abstract China has experienced several booms in sea reclamation since the mid20th century. The
reclamation in Bohai Rim expanded dramatically in a scale much larger than in other coastal zones in
China especially since 2 000. Therefore based on topographic maps nautical charts and multi-
temporal remote sensing imageries the two-dimensional centroid three-dimensional centroid

shoreline low tide line depth contour bay area and water volume of Bohai Sea since the 1940s
were extracted and analyzed to reveal the tendencies characters and driving factors of long-term
shape changes of Bohai Sea. The results indicate that during the past 70 years the area of Bohai

Sea decreased continuously and that shoreline low tide line and 5 m isobaths shifted toward the sea in
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most coastal areas. Consequently the two-dimensional centroid of Bohai Sea moved northeastward
significantly while the perimeter increased remarkably and the geometric shape became complicated.
During the past 50 years overall the volume of Bohai Sea declined and the three-dimensional
centroid dived significantly. The development of estuary delta and sea reclamation were the
fundamental driving forces of long-term shape changes of Bohai Sea. However the human forces
have gradually exceeded the natural forces.

Keywords Bohai Sea; shoreline; depth contours; DEM( digital elevation model) ; centroid; shape

character
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1

Table 1 Characters of two-dimensional centroid

movement in Bohai Sea and its sub-regions

Table 2

2
The three-dimensional centroid coordinates

of Bohai Sea and its sub-regions

/

/

km (km/a)
1940s—1960s 4.16 0.21 S
1960s—1970s 0. 65 0. 06 —
1970s—1990 0.27 0.01 —
1990—2000 0.08 0.01 v
2000—2014 1.21 0.09 —
1940s—2014 5.72 0.08 S
1940s—1960s 4.51 0.23 \
1960s—1970s 1.75 0.17 S
1970s—1990 0. 46 0.02 a
1990—2000 0.62 0.06 \
2000—2014 1. 47 0.11 \
1940s—2014 6.31 0.09 —
1940s—1960s 1.77 0. 09 S
1960s—1970s 1.46 0.15 !
1970s—1990 0.78 0.04 d
1990—2000 2.61 0.26 \
2000—2014 2.82 0.20 d
1940s—2014 2.60 0.04 —
1940s—1960s 1.72 0.09 S
1960s—1970s 0.61 0. 06 e
1970s—1990 1.72 0.09 d
1990—2000 0.05 0.01 S
2000—2014 1.48 0.11 e
1940s—2014 2.10 0.03 S
1940s—1960s 5.80 0.29 7
1960s—1970s 0.51 0.05 S
1970s—1990 0.35 0.02 a
1990—2000 1.32 0.13 v
2000—2014 0.32 0.02 AN
1940s—2014 5.56 0.08 S

2

1(°) 1(°) /m
1960 120.173 3 39.0151 -12. 15
1970s 120. 170 4 39.0102 -12.04
1990s 120. 179 6 39.0195 -12.17
2000s 120. 180 8 39.0204 -12.19
1960 118. 426 4 38.647 1 -8.20
1970s 118.423 4 38.6520 -8.25
1990s 118.417 8 38. 665 2 -8.32
2000s 118.423 1 38. 666 6 -8.41
1960 119. 6152 37.5227 -5.40
1970s 119.618 1 37.5194 -5.36
1990s 119. 626 6 37.5132 -5.30
2000s 119. 657 4 37.493 1 -5.11
1960 120.984 6 40.054 1 -11.33
1970s 120.979 9 40. 0509 -11.21
1990s 120.983 4 40.052 8 -11.27
2000s 120. 9829 40.0503 -11.23
1960 120. 127 1 38.7639 -13.25
1970s 120. 126 2 38.762 5 -13.15
1990s 120. 1319 38.766 9 -13.31
2000s 120. 1310 38.764 5 -13.25

9 km N N
20 km.
10 kmo

Fig.2 Spatial-temporal dynamic characters of shoreline in hot zones
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Fig.4 Spatial-temporal dynamic characters of low tide line and 5 m depth contour in hot zones
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Fig.5 Movement distances of low tide line and 5 m depth contour in hot zones
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Fig. 6 Changes in shape characters of Bohai Sea and its sub-regions during the past 70 years
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Table 3 Statistics of water volume in Bohai Sea and its sub-regions
/km® 1960—2000s 1960—2000s
1960 1970s 1990s 2000s /km® /m
1 408. 89 1388.36 1397. 00 1384. 81 -24.08 -0.30
114. 81 111. 41 110.76 110. 12 -4.69 -0.38
47.91 47.08 46. 00 39.43 -8.48 -1.33
325.00 316.22 322.35 317.53 -7.47 -0.38
921.18 913. 64 917.89 917.73 -3.45 -0.08
2) 1960 - 3.00% ~ 30.91% « 36.46% - 25.88% - 1.08%
7. 4 0.49% (36.09%)
. (27.45%)
o 50 0 -

2.19%
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Table 4 Depth changes in Bohai Sea and its sub-regions from 1960 to 2000s km’
d/m
d< -5.00 1643.78 408. 09 412. 89 96. 22 726. 58
-5.00<d=< -2.50 2 253. 46 284.78 252.03 481. 05 1235.6
-2.50<d< -0.25 23239.27 3354.13 1527.32 8427. 85 9929.97
-0.25<d=<0.25 27 410. 95 3 636. 36 2451.98 6159.44 15163. 17
0.25 <d<2.50 19 457.57 2 645.62 1189.47 3262. 14 12 360. 34
2.50 <d<5.00 810. 54 101. 65 26.73 89.31 592. 85
d>5.00 366. 91 56. 82 2.74 19. 40 287.95
( . ) 4134.35 1 698.92 509. 78 1021.58 904. 07
4 ( . )
~ ~ \5 m
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N Sm
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