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Tab. 1 Major gulfs along the mainland of China
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Tab. 2 Categories of gulf shoreline in China
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Tab. 3 Indices of human force on various kinds of shoreline
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Fig. I Changes of natural shoreline ratio of major gulfs in China during the past 70 years
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Fig. 2 Changes of shoreline utilization degree of major gulfs in China during the past 70 years

(2) 1940s#]-1960s, FELH A AAE D IIEEA T AR, A 36 S B 5L
TR, A 33 NUFEHEIE AL 20% (GRS ), U 5/ 193G IR 50% (1R iy
K5 RS ITEA KGEW | 2005 BRSNS S, O TR R 5 R
PR BT RIS ELE 1960s, WS LRI A& A FHRR FEH8 B0 e KA IR 2R 4d 300,

(3) 1960s-1970s, TRV A TF & FIFHAIIRAL THRARAPIRES, A7 32 ML A g sk
TR, A 23 N IFEHEIE AR 20% (IRENGC) . (HJR, T 23K 124N 0 34 i
T 50% (s ), JF AR AR B (U VS ATh AR 2 200 A T80 FNEhifE s & 1970s,
TRFTES R R T R R AR BE R R A I (B E i 300, 3K %1 T 381, HIEUEZ SR,

(4) 1970s-19904F, MRS RLIT LA A TEMBNARE, K ER KL
EREZE 274, HALAYT 60 MRS B AN FIRR L A, X RIS IF & P IRk 1k ;
SIAHRL, £ 19904, B4 U 1/4 WIS I RO &R AR TR B0A 3 S0 10 2005 #3
3 300 S CAT 240>, 432 SR A RETS

(5) 1990 4Lk, W% R IT &M AT i ok A By & Ry Br, H B kS 1k ;
1990-20144E (8], 1A 6 NEFEHTEA L 20% (IGHESE K ), A 223k 50 /N TRFVE 10 184 g i
T50% (K ); F20004E, CAMI50% (14%) MR LT & R RS %L
KF200 (300), B T REE—FERO . Ehilgs LA . 2R/ E NS KT
F1 L RS R FEM AR . AR TS — IHEES | BRYT O R L AR ARV e £k T & R FR B 3 v
B R ARMEC mik 397, PHHREEZ R, 2 20104F, /3 0lA I 77% (24%) 1Y
TRV I e TT & R AR R RO T 200 (300), Hip, EUBEE k5400 (HigH K
i) Z20144F, il 84% (29%) AYMEVE B i+ 26 I & 1) FH R B 4 £ K T 200
(300), MiH, KFEEREEF 400 ORKEE, bk RSN,

(6) T 70410, KEHOGL ) R LI A A HFEE R EIH K & T 50~200 Z [|], $
BUHEWT, AR I AN SRRV R Lt — AL g R R, 00 T A 0 DK [l i (EL X A 3
B, B4 T 200 AMEENG SOk Z
2.3 EBER&ME T EIETSE

RIS AR TRV e, e PRI A5 AN I 70 4F 1) 2 4 o B 25 RS RRE, AT
PUASNR “Freemig s shil” | “Fag/bahil” | “HEEsR” 5 “GAA k" 45,

(1) Freempigsshil, 7 R R ks g K —massh, —BURIETE i+
2R DX I R N R s i R g, B AEAS [ A s B a3 A AN R i DIk ) iR 8, A



124 Mo B 22 714

T AT 70 4 [A] RS R 26 R IR AR S R0 i RS sl A TIE o 0BT R, 20 76% 11t
7, HRAE AT SRR R sh B R s . BRI BN | RS . SN EE,

(2) FE/ DBy, WS REERRE, AR D AR 2 [ B B, 3170
ERIERTT, FERAIEAH R, PR, 248 9%Mis, HRLB ok b
SRR AT o XIS TE A ) A0 A — Bt B T, D 2 B IS sh R i s
MR R, WH, —BLIIEE RN T, RAWMESREREE SR B, BRI
sBT R, RGBT . BRSNS TS | AT A

(3) fEEENR, IS RLNIEFZR (Z02)) EELRE, B, Jymix
Bt AR, WH, A X R ]38 5 e R ) BTV A A A R B BT o B E A A
B SRy a2 e N ) e U ol [ R A R = ok = S A8 e O B 11 P ¥ v
R, BT 2. d6E GBI . BRI 4 AR AR S AR RRIE

(4) B bR T R AR LI B A T Lk 3, MRS ERE L,
BRI . TR, 2995 9%R TS H R 2R AR AL R B HH A5 o R 2R A SR S BRI, X
SEIREVE — AR LA 1 B 22 0 LD R B R AR L IR Bl oA B . R AR s
ARk, LA AIAE T | PSR
2.4 S EARR = S AIHE

GEiT A ASI A BT A VT %) e T AR LA BN [ T DXV 1 S i AR (11 3) o TS
I 70 AR, G AR R X R RS A (B14),

(1) VT 704E(0], 76K Z2H0E TS i AR L 00 i B DS BT Al 22k
B BTN 4 MBS ARG, HAEES G AR b, Hd, K
BB IET, AUBTEEITTHT, W 1AL ST A 4R AR AR I T 80%

(2) 3T 704F[0], AERiE v B AR 4R ik 18.19%, Wi . Bk . AR, M4
AN DX 25 2 TR AR B 0 8 28 45 T 3K 17.76% . 20.32% . 21.01%F113.28%; X[ 3 H
5 5B HATERYERLG, TR R T-0.93~0.97 2], Horr, k. 5506 K. fiE4
AN X ALE T R AR A5 -0.5537 . —0.1287. —0.6977 F1-0.2579, 4% L5 07
FRERPR A -1.6379, AL FHH T I I FRZR Yok 1) B R 3 T HLA X 25 SARFAIE .

(3) KI4KM, SAEYEIRT, 46K ZH00E I FZE 4R 10%~60%2 [, 244
FIL 10% . 20% . 40% . 60% . 80% FAVRETE L 451 43 il 151 35 76.47% . 55.29% . 29.41% .
10.59%F14.71%. $EICHEWT, AR an S i o K MFE S Rt — 2 L, 1S
BB E— 2545, HrERMIEDCKRZE 2R, MRS R IR R ol T 40% 1S 2
ORI Z

57 a 24rb
55 M 201 -\.\H\q\.\-
:553' :E 16 —= & S FG
2 s1} 2 12t W g
= 49t = 8t
= i
2 a1t B a0y . . .,
0

45520 1960 1970 1990 2000 2010 2014 1940 1960 1970 1990 2000 2010 2014
A A

3 70 45 rp R i S S AR AR
Fig. 3 Area changes of major gulfs in China during the past 70 years
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Fig. 5 Statistical characters of gulf shape index in China during the past 70 years
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Tab. 4 Changes of gulf shape index in China during the past 70 years
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Shape changes of major gulfs along the mainland of China
since the early 1940s

HOU Xiyong "?, HOU Wan"*’, WU Ting "**
(1. Yantai Institute of Coastal Zone Research, CAS, Yantai 264003, Shandong, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Key Laboratory of
Coastal Environmental Processes and Ecological Remediation, CAS, Yantai 264003, Shandong, China)

Abstract: Impacted by climate changes and human activities, the coastal zone of China has
undergone various dramatic changes, among which, shape change of major gulfs (including
bays and estuaries) is one of the most important aspects. In this paper, spatial dataset of gulf
shoreline and gulf shape in seven phases since the early 1940s was delineated based on
topographic maps and remote sensing imageries, and a group of indices including the ratio of
natural shoreline, the shoreline utilization degree, shoreline swing direction, gulf area, gulf
shape index and gulf centroid were used to analyze the spatial-temporal characteristics of gulfs
in detail. It turned out that: in general, shape changes of major gulfs in the mainland of China
were significant and complicated during the past 70 years, specifically, visible changes of
shoreline structure, especially the decreases in both length and ratio of natural shoreline took
place; the shoreline utilization degree increased remarkably because more and more natural
shoreline had been artificalized; the fact that shoreline seaward shift caused by sea reclamation
occurred in the majority of gulfs; spatial size (area) decreased in most of gulfs due to the fast
and extensive sea reclamation; the geometric shape of most gulfs had become more
complicated while the discrepancies among all the gulfs were narrowed; the centroid of most
gulfs moved toward the sea; gulf- shape variations exhibited remarkable spatio- temporal
differences. It is obvious that human activities, especially sea reclamation, have become the
key driving force of gulf shape change since 1990. Based on the above-mentioned findings,
classification management strategy based on dominant-function oriented gulf classification is
strongly recommended, and gulf-based management should be strengthen in order to improve
the abilities of Integrated Coastal Zone Management (ICZM) practices in China.

Keywords: gulf; shoreline structure; shoreline change; gulf area; gulf shape index; gulf
centroid; sea reclamation; China



