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Table 1 List of remote sensing images

i R A5 H NER - I W B /A Z5 [ 53 HF % /m Pis
1976-09-17 Landsat-2 MSS 4 60 129/34
1981-10-15 Landsat-2 MSS 4 60 129/34
1986-09-18 Landsat-5 ™ 7 30 120/34
1991-04-09 Landsat-5 ™ 7 30 120/34
1996-02-18 Landsat-5 ™ 7 30 120/34
2001-10-29 Landsat-5 ™ 7 30 120/34
2006-10-27 Landsat-5 ™ 7 30 120/34
2011-09-23 Landsat-5 ™ 7 30 120/34
2016-08-22 GF-1 PMS2 4 2 597/92
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Table 2 Uncertain of coastline extraction in the study area

Oy ERSHR/m BRE/m BRERAFRZE/m| F O EESHR/m BERE/m A e R AR 2E/m
1976 60 30.01 56.57 2001 30 10.83 28.28

1981 60 27.56 56.57 2006 30 11.37 28.28

1986 30 14.13 28.28 2011 30 10.61 28.28

1991 30 12.27 28.28 2016 2 1.08 1.89

1996 30 10.36 28.28
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Fig.2 Changes of the coastline length and bay area of the
Zhifu Bay from 1976 to 2016
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/N 2 T T R A R A ) T T A R A e B R AR A XA D A R R S I B AR G R B
I £ R A b A FH A AR B A 1) B S IR PR 42, 19811986 4FE 1 19962001 4F i 25 11 AH 28 b 4 Kk, L AT
T4k T 1.72 F1 1.70 km? , A8 46 2 k1 —0.34 km? /a; M 2001—2006 4E 1 2011—2016 4F ¥ 125 1] FL A%
/N, AR > T 0.21 10,26 km® L AR E 41 R —0.04 F1—0.05 km? /a, BF L4, 1 75 1 A4S £k 52 BE st )
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Table3 The changes of coastline length and bay area of the Zhifu Bay from 1976 to 2016

AR HEREATEA
B
AR/ (kmea 1) BACE G/ % A E/ (km? « a™ 1) AALE SR/ %
1976-—1981 4F 0.77 16.24 —0.23 —3.40
1981—1986 4 0.78 14.06 —0.34 —5.20
1986—1991 4F 0.36 5.70 —0.09 —1.37
1991—1996 4F 0.48 7.24 —0.24 —3.97
1996—2001 4F 0.10 1.35 —0.34 —5.75
2001—2006 4F 0.13 1.81 —0.04 —0.74
2006—2011 4F 0.63 8.47 —0.25 —4.46
2011—2016 4F —0.10 —1.21 —0.05 —0.96
1976—2016 4F 0.39 66.17 —0.20 —23.21
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Fig.3 Changes of the coastline types in the Zhifu Bay from 1976 to 2016
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910,29 km(91.79%0) , R KGN T3 1.4 £, 3 40 a Kk, ARBEL KW T 1.32 km, 4E ¥ 2
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ZOUEE R R E R LRI UL A 3d, R A BE AR A AE X BN (B 3D S 1976 AFERY 6.91 km 3 i F)
2016 4Ff9 8.78 km  AFHH K 0.05 km, HHPFLKEH 1976—1996 4FFERFFLEHI N, H 1981—1986 4F j#
LR R R P AR 0,15 km, & 1996 4FLUE R ZR AR PR FFRRE . 1 2R R 42 A K R L 4810 4 AR I
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Table 4 Gulf-centroid shifting in the Zhifu Bay from 1976 to 2016

254 253

145

BT R Te%

Fig.4 Changes of gulf shape index in the
Zhifu Bay from 1976 to 2016

BB L i B i/ m B HEE/(m+a D) B B OB R/ m B HE/(ma )
1976—1981 4 91.00 18.20 2001—2006 4F 19.04 3.81
1981—1986 4F 136.52 27.30 2006—2011 4F 94.73 18.95
1986—1991 4F 22.15 4.43 2011—2016 4F 15.99 3.20
1991—1996 4F 101.65 20.33 1976—2016 4F 606.25 15.16
1996—2001 4F 167.57 33.51
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Fig.5 Gulf-centroid shifting in the Zhifu Bay from 1976 to 2016
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MRS R G T X R B A8 H (N, E T ArceGIS /) ArcToolbox A& T gefi e, 1T H k5 2 1
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A 2R, 19811986 4F 4> AE R I iR it K MK T 0.013 7,71 20062011 4E 4> 4R 2 T 0.002 6, 5
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Table 5 The fractal dimension of the box-counting method

ROt 4 .
B R? 43T 45
3.0 m 4.5 m 7.5 m 9.0 m 10.5 m 15.0 m 18.0 m 22.5 m 27.0 m 30.0 m
1976 9 836 6 558 3931 3261 2 794 1 954 1629 1299 1077 962 1.000 0 1.007 8
1981 11 282 7529 4 501 3737 3190 2 234 1 866 1482 1234 1101 1.000 0 1.009 2

1986 12 859 8 577 5107 4 246 3619 2529 2 085 1655 1371 1214 0.999 9 1.022 9

1991 13 574 9 044 5 411 4 475 3 828 2 658 2198 1735 1438 1263 0.999 8 1.027 7
1996 14 403 9 595 5 742 4 745 4 060 2 817 2 328 1837 1523 1345 0.999 9 1.027 8
2001 14 533 9678 5782 4 819 4103 2 832 2322 1832 1522 1351 0.999 8 1.032 8

2006 14 853 9 886 5 885 4914 4175 2 879 2372 1 860 1548 1367 0.999 8 1.035 8

2011 16 101 10 711 6 390 5 289 4 537 3 144 2 570 2020

—
o
ey
3

1498 0.999 8 1.033 2

2016 15 845 10 541 6 290 5224 4 465 3073 2 537 1999

—_
o
5
(&)

1467 0.999 8 1.033 2
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2.4.2 E=HE

HAEN R EHHARKENR FEERF—BERLEBRENKE L) R RFRKE - R
HIREBN GO ORYLE . RFI K BRI 05 A 96 2 408 K 3 e 30 ol 00 B VA 2 8 K 88 1 s B (g, 6T
H 4 i Matlab #2757 , 2R 10 AN &R E GO IR RS 2 RS S B R s 4E (3R 6),

LR LA RBCRD YK T 0.999 9, F MG RIUW 73T A BB ARG T . r R0 (e
PR EE BRI A A, i 1976 4EAY 1.016 1 883 2016 4EAY 1.034 2,880 7 1.78 % A4 2006—2011 444
B Ak B BT /MR S L B 2006 AR 1,033 9 3R F 2011 AR 1.033 0543 4E B I 5 R i B AR
1981—1986 4F, 3§14 1 0.007 6, 73 AE B AL LA 55 A% 1k i 15 45 SR AR — B0, R R A N s T A2
PR A T

xo6 BEMENWEH

Table 6 The fractal dimension of the divider method

ELi-SURS
oy R? 53T 4 5L
3.0 m 4.5 m 7.5 m 9.0 m 10.5 m 15.0 m 18.0 m 22.5 m 27.0 m 30.0 m
1976 7 888 5 246 3129 2 604 2227 1546 1282 1023 846 763 1.000 0 1.016 1
1981 9 155 6 081 3627 3013 2 576 1783 1479 1174 972 873 1.000 0 1.021 9
1986 10 421 6 914 4117 3414 2919 2017 1666 1321 1091 974 0.999 9 1.029 5
1991 11 015 7307 4 349 3 608 3 080 2127 1760 1393 1155 1029 0.999 9 1.029 6
1996 11 800 7 831 4661 3 868 3297 2278 1 884 1490 1233 1100 0.999 9 1.031 0
2001 11 951 7927 4 714 3910 3334 2303 1902 1504 1243 1111 0.999 9 1.032 6

2006 12 164 8 064 4794 3977 3 388 2337 1937 1531 1261 1125 0.999 9 1.033 9
2011 13 200 8 754 5201 4322 3 686 2 540 2 101 1660 1373 1225 0.999 9 1.033 0

2016 13 221 8 770 5203 4 322 3676 2539 2 104 1662 1369 1223 0.999 9 1.034 2

2.4.3 M A& & Ae F AL o RO 5T

TCE A2 WS 1 30 2 BT 0 T8 4R 500 22 fb ®7 BMESET CISHMEBLIRKEN L
MR A B HD R F RO 0 B 3, Table 7 Coastline lengths derived from
1981—1986 4F 43 4 B 1 5 B K, 2006—2011 4E 43 4 the divider method and GIS
O AT I/ KSR WL S AR X 2 A B B AN 0 B ALK /m RSB K /m
Bl AR ZL . 53 A AR SC R T R 1976 23 664 23 815
B 53 4t AT 53 R B a3 B e e O3 AR B S B " . o
g B R S B S R DU R B A A AE 2 R R
JEZ ST R 22 R O W A R A S AN 1986 31263 31613
[F] o B it A7 0 2 FR A BE T35 B SN A 5 % WS BR 1991 33 045 33 417

R AT A A BIF 2 15 AN T E BB RUTR 5 46 32 1996 25 100 45 837
1Y 40 A ROTE 3 ke /S T AR T R )

i 5 T 0 0 2 00 2 4 R ML, o o o
SCHEL AT 4N 5 5 2001—2011 4F R A% 25 i 353 2006 36 192 36 977
GERR T Ak, FoAh B B TR (R 7, A 2011 39 600 40 110
6) X FHT N PTG RAFAE — 2 25 5%, Al BB 2 T b0t 40 663 40 620

TR EE B RO e 2 f) ol 4T R B A7 A 22 S D B i L ik
H i By py iR 22 L R S 8oy .

ERMEP r=3.0m
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7D T HEAZ 17 2 AR RN S B B K S T BB R T Matlab PR B0 SRR P A7 AE — E I IR 22 . TR
b TR TRAR R S R4 4 B ) B BRI AR BN R — AR R IR B T A IRA R AR K E
A THS G S ARy — Ff i B2 5 1 Matlab 2 F2 53000k 52 B RLEE 9 B Sh it 30, AR R AT 7 oK . Bk
Mot T TARRCR.

1.040

—=— Bk
Lossl % PR .
-

1.030

"
/ -
ﬁ 1.025 / /
: »
& 1020 A //
a

1L015F /

1010+ 4

P

1005 1 1 1 1 1 1 I 1 1

1976 1981 1986 1991 1996 2001 2006 2011 2016
A

P 6 B AL I R A 2 o HE S

Fig.6 The fractal dimension by the divider and box-counting method

25 E&TIEESH
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#e Aok JE, 1976-—1986 4F,1991—2001 4F,2006—2011 4E 2 RERL BB W B E, X EEELFM
R ZILFEAERMEE R . B 1978 AR SCE T LAk , bl % 30T 1 7K 2B A 1 3 Bl 9 ol K R L Vg 7K SR B 1KY
T FERAS T4 K o DT 45 0 Y5 v AR R R sk 2 N T RR 2k B B Bt 2 186 . 1990 4F LU » 6 T8 1 46 T & 0 A iR
Wb 2 SR B VD UR s O RO i A R EUR G A H 25 . & 2004 AF LB RBIT TR A
PR ] A b A B ) IR S AT A - Ml Rl T 1 g e b D) A IR B L 8 U WA R B A 1 v
DX fife e A R S A R BE 5L b — LRI DOk AR B T S NIV S U R R LA R T R R 1 R
T e U M 256 98 0 7 o Aok A5 L SO AR B — 2B KL & 2009 AF HY B R0 AR A s . R, 2010 4R R
VBV J T U X PSRV SEAT 8 b AL, I PR SELIRE 1) 8080 T 4 T R

SR B R AE R 2 ST R R B LR AR 2 M R AR iR /N . TR R R AR AR
TR S A5 A Sk B 0 A I il A 5 bR ARk o R T SRV ek i LA R R VA A A R A R 0
RGBT G L B ARG R B AR AR R RRUE 1 A SR R 2, A8 A AR X A8 /IN , 51 R A8 Ak 1) D[R] 3 2 2 A 4 il
KV S R At i 9% 35 i

3 45 ®
FI TR AT GIS B AR SEEU T 2 528 19762016 4F 9 ANBHAR M0 B 2815 B, IF M 5 A T 4007 T 2 5 15

i LR AR I 23 Bl S AR L 19 1) 1 2458
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U2 25 B VR T AR 1o g i Vi R R K IR HS in T 15.78 k., #5 BB 45 2 Bl 2 2 A 1 A8 fb R 1
L W Eh B K o h P R AR R K L R AR BN RS AL B AR R R I B > N TR R
WG R AL P AR RO RIS K R R T E 2k . TS R B W g 2R 4, B 1976 4F 3 2016
AEV VS T AL D T 7,93 ke I VA T AR A 2 32 AZ G0 R IR A A R A SR R S

2)1976-—2016 4F 2 M IR FE BOE I T 1,08, WS R & R 8 T & 24k L 8 0 SR R BN
ANV 5 et T i) T 2 1) 5 a1 55 B 008 T 5 S0 U VS T R4 55 44 i) R 2 4 2 [ 1) 3K AR RS 3 )
— 5, AT 40 a FIHFE O EAK IR AL T 606.25 m, 4% I BEE S O S R I Sh AR

2 & 3Lk (References) :

[1] 908 Specical Office of the State Oceanic Administration. Coastal survey technical regulations| M. Beijing: China Ocean Press, 2005, [E %
MR 908 LI 5. Mg Al T A BOR AR LM, dbat . M ik, 2005,

[2] XUJY.ZHANG Z X, ZHAO X L, et al. Spatial and temporal variations of coastlines in northern China (2000—2012)[]J]. Journal of
Geographical Sciences, 2014, 24(1) . 18-32.

[3] LIUSW, ZHANG J, MA Y, et al. Coastline extraction method based on remote sensing and DEM[]]. Remote Sensing Technology and
Application, 2011, 26(5): 613-618. XA, kA, B3, 4. BES DEM AHL & M L& @ BRI k()] B R 50 A,
2011, 26(5): 613-618.

[4] CHEN W T, ZHANG D, CUI D D, et al. Monitoring spatial and temporal changes in the continental coastline and the intertidal zone in
Jiangsu province, China[J]. Acta Geographica Sinica, 2018, 73(7);: 1365-1380. FEFI¥ ., sk, &/}, &, LT @EMTT I 4 Ko F &
FEMERT A AR ], M EE A dR . 2018, 73(7): 1365-1380.

[5] LIMM, ZHANG C Y, LIN R. Analysis of shoreline and tidal flat based on remote sensing in Dadeng Island of Xiamen[]J]. Journal of
Xiamen University (Natural Science), 2018(1): 85-91. ZEWiH], K ¥ =, MBI, I F BB AR M E IR IE 58 248 58 WA T )],
BT CAARBHARRD . 2018(1) : 85-91.

[6] SUNWF, MA Y, ZHANG ], et al. Study of remote sensing interpretation keys and extraction technique of different types of shoreline
[J]. Bulletin of Surveying and Mapping, 2011(3): 41-44. FME& . BE, KA, . AR FE AU G 17 2058 S 19 A ok 1 7 R 3R BT 14 B
(7. M23@ 4%, 2011(3) ; 41-44.

[7] WU T, HOU X Y. Review of research on coastline changes[J]. Acta Ecologica Sinica, 2016, 36(4): 1170-1182. #5=, {574 55 . ¥ 724728
gk [ )], B2, 2016, 36(4): 1170-1182.

[8] ROBINSON E. Coastal changes along the coast of Vere, Jamaica over the past two hundred years: data from maps and air photographs
[J]. Quaternary International, 2004, 120(1): 153-161.

[9] SESLI F A. Mapping and monitoring temporal changes for coastline and coastal area by using aerial data images and digital photogramme-
try: a case study from Samsun, Turkey[ ]]. International Journal of the Physical Sciences. 2010, 5(10): 1567-1575.

[10] SHEIK M. CHANDRASEKAR. A shoreline change analysis along the coast between Kanyakumari and Tuticorin. India, using digital

shoreline analysis system[]]. Geo-spatial Information Science, 2011, 14(4) . 282-293.

[11] LAM-DAO N, PHAM-BACH V, NGUYEN-THANH M, et al. Change detection of land use and riverbank in Mekong Delta, Vietnam
using time series remotely sensed data[ J]. Journal of Resources and Ecology, 2011, 2(4): 370-374.

[12] MAITI S, BHATTACHARYA A K. Shoreline change analysis and its application to prediction: a remote sensing and statistics based
approach[J]. Marine Geology, 2009, 257(1); 11-23.

[13] FRAZER L N, GENZ A S, FLETCHER C H. Toward parsimony in shoreline change prediction (I) ; basis function methods[ J]. Journal
of Coastal Research, 2009, 25(2): 366-379.

[14] GENZ A S, FRAZER L N, FLETCHER C H. Toward parsimony in shoreline change prediction (1) ; applying basis function methods
to real and synthetic data[J]. Journal of Coastal Research, 2009, 25(2): 380-392.

[15] HOU X Y, HOU W, WU T. Shape changes of major gulfs along the mainland of China since the early 1940s[ J]. Acta Geographica Sini-
ca, 2016, 71(1): 118-129. P45 . felgi, #5220 tHhad 40 (040 LAk v [ il 5 Vi 2 28R 9 2528 AR [, P22 4R, 2016, 71(1) .
118-129.

[16] GAO Z Q, LIU X Y, NING J C, et al. Analysis on changes in coastline and reclamation area and its causes based on 30-year satellite da-
ta in China[ J]. Transactions of the Chinese Society of Agricultural Engineering, 2014, 30(12): 140-147. fma&sk, X H, TH A, 4.
BT IR R IT 30 a vl [ 5 4R R R 0 1 AR Ak K U AT L. Rl AR 4R . 2014, 30(12) ¢ 140-147.



13 INFR L 5 T A GIS WM & 2 RIS 7 R AR T oY 151

[17] MA ] H, LIUD X, CEHN Y Q. et al. Random prefractal dimension and length uncertainty of the continental coastline of chinalJ]. Ge-
ographical Research, 2015, 34(2): 319-327. Thatfe, XI4EHr, BRArek, &5, o [ KR R 2R BE DL AT 20 T8 40 4 B A BE AN 1 2 1k 748 )
[J]. #BHF5E, 2015, 34(2): 319-327.

[18] HOUXY, WU T, HOU W, et al. Characteristics of coastline changes in mainland China since the early 1940s[J]. Science China: Earth
Sciences, 2016, 46(8): 1065-1075. VY55, Phue, fRYE, 45, 20 HH42 40 AR A0 LK b [ R ifi oy 2 R A8 AR HRAE LD ] o B2 . Bkt
%, 2016, 46(8): 1065-1075.

[19] ZHU L H, WU ] Z, XU Z Q, et al. Coastline movement and change along the Bohai Sea from 1987 to 2012[J]. Journal of Applied Re-
mote Sensing, 2014, 8(1): 5230-5237.

[20] XU N, GAO Z Q, NING ] C. Analysis of the characteristics and causes of coastline variation in the Bohai Rim (1980—2010)[J]. Envi-
ronmental Earth Sciences, 2016, 75(8): 719-4-719-11.

[21] WUPQ, ZHANG J, MA Y, et al. Coastline dynamics monitoring and analysis around the Bohai Sea using remote sensing images dur-
ing 2010 and 2015[J]. Advances in Marine Science, 2018, 36(1): 128-138. R}k, 3kA, DR, 45, 20102015 4F IF Bh I 1t LR i 42

WIS 2B ()], Rl PR . 2018, 36(1): 128-138.

[22] LIX, ZHANGLP, JICC, etal. Spatiotcmporal changes of Jiangsu coastline: a remote sensing and GIS approach[]J]. Geographical Re-
search, 2014, 33(3): 414-426. 247, KL, WIC/R, . JT@EIEAM GIS WILIR A L2 22010, BETE, 2014, 33(3):
414-426.

[23] YEMY, LIJ L, SHI X L, et al. Spatial pattern change of the coastline development and utilization in Zhejiang from 1990 to 2015[J].
Geographical Research, 2017, 36(6): 1159-1170. M2k, 2k, S2/Nag, . 1990—2015 4 # T1.45 K fifi 132 £k A2 1T 5 JF % A 25 ) A
JRZE LT, MRS, 2017, 36(6): 1159-1170.

[24] WANG X G, LIX Y, JIAM M, et al. Analysis on changes in coastline and reclamation in Dalian from 1975 to 2015[]]. Marine Envi-
ronmental Science, 2017, 36(1): 87-93. E T f, Z=LeMe, BIWIWT, 4. 1975~2015 4F K T I f7 470 A R Bl S0 2 Ak [0 ], 9 i SRR )
%, 2017, 36(1); 87-93.

[25] KANG B, LIN N, XU W B, et al. Spatial-temporal changes of the coastline in Five South Island of Long Island in recent three decades
on RS and GIS[J]. Marine Science Bulletin, 2017, 36(5): 585-593. Felk . k7, 30k, 45, 3T 38 B GIS MK 5 M A &3 30 48

fR A A AR T e A L) ] HERE AT . 2017, 36(5): 585-593.

[26] WU T. Analysis of spatio-temporal characteristics of mainland coastline changes in China in nearly 70 years[ D]. Beijing: University of
Chinese Academy of Sciences, 2015, #E52. 3T 70 4F tf [& KRl 5t 4278 0 (9 i 25 RRAE 23 A7 (D] dbat: hERABE RS, 2015,

[27] China Bay Compliation Committee. China bay: the third volume[ M]. Beijing: China Ocean Press, 1991. | E ¥ EmEZE 1 4. hHE
M S =0 PIMO. deat: W I R, 1991,

[28] GONG L X, JINBF, LIJ Y. The changing of typical bay coastline in Yantai in recent 20 years[ ] ]. Marine Science, 2008, 32(11); 64-
68. BALHT, AR, BEI. T 20 KM G AU DOE S TS R AT ] R, 2008, 32(11): 64-68.

[29] MAJ W, ZHOU D, WANG ] P, et al. Study on the spatial and temporal variation of land use changes in Yantai coastland[ ]J]. Geospa-
tial Information, 2011, 9(4): 125-130. B4 T, Jiah, THBE, . WE T X - R M 2 0 S0 ]. mE s E G e,
2011, 9(4): 125-130.

[30] DING R N, WANG Y M. Analysis of the change in the land-use of the coastal area and its ecological service value effects in Yantai city
over the past 40 years[J]. Research Soil And Water Conservation, 2017, 24(1); 322-327. T {4, T EM. T 40 FMWE 16 7L Lk
St e R AR Al 5 2 A IR s AR A BT LT ], K R R FERESE . 2017, 241D« 322-327,

[31] DIX H, WANG Z L., WANG Q, et al. Effects of land use on the development of coastal zone near the Zhifu Island tombolo[ J]. Marine
Science, 2011, 35(8): 76-82. MBI, T MJe, F PR, 45 M TS (o 3of 2 500k ) v UM A 16 5 4l 0 i [0 ). W PRk 2. 2011, 35
(8): 76-82.

[32] SHI C X. The Dynamic change of reclamation and its impacts on Marine environment during recent years in Yantail D]. Yantai: Ludong
University, 2017, B FR . 3T 4E M & 7 BB B0 2 528 16 B g S R g 2 m D], & . & AR K%, 2017.

[33] ZHENG P Y, WANG ] X. Research on the development of harbor in Shandong[ M. Beijing: China Ocean Press, 1993. #3350, T & 15.

W ARV T R FE M. LBt M AL . 1993,

[34] ZHAO ] H, SUO AN, XU J P, et al. Remote sensing monitoring technology in the sea areal M]. Beijing: China Ocean Press, 1991. #X
AR, BT AR, AEL MR TR R B R M. st W R AL . 2017,

[35] FLETCHER C, ROONEY J, BARBEE M, et al. Mapping shoreline change using digital orthophotogrammetry on Maui, Hawaii[ J].
Journal of Coastal Research, 2003, 19(38): 106-124.

[36] YANQS, LIU R J, MA Y. Remote sensing analysis of shoreline changes along the coast near the Sheyang River Estuary of Jiangsu

Province since 1973[J]. Marine Sciences, 2015, 39(9): 94-100. IEBKXL, XA, D%k, 1973 4E LA 5 BT 1 B30T 76 /5 ol 39 28 Ak 38 Sy



152 IS i 38 4%

MrlI]. WEPERL2, 2015, 39(9) . 94-100.

[37] GAO S. Analysis on interpretation quality of images in geological remote sensing investigation of railway engineering[ ]]. Railway Inves-
tigation and Surveying, 2010, 36(3): 28-31. ¥ L. Bk T b i e S i) 25 v 9 IR AR 3 it 20 A [0 ], BRAE %€ 2010, 36(3): 28-31.

[38] HOUX Y, WUT, WANG Y D, et al. Extraction and accuracy evaluation of multi-temporal coastlines of mainland China since 1940s
[J]. Marine Sciences, 2014, 38(11): 66-73. B PU 55 . #h5%, FILAR . 45, 20 M40 40 4 LI 2 AR Hh [ R 22 28 B U7 i BORS BE DA
[J]. Mg #eRla, 2014, 38(11) . 66-73.

[39] LI'YB, HAO Y J, LIU E H. Calculation method of the center of polygon[J]. Journal of Computer Application, 2005, 25(b12): 391-
393, ZER UK, MKA . XIUBHE. 28 F O RITEEL ] LA, 2005, 25(b12): 391-393.

[40] MANDELBROT B. How long is the coast of britain? Statistical self-similarity and fractional dimension[]]. Science, 1967, 156
(3775): 636.

[41] National Technical Committee for Geographical Information. Specifications for aerophotogrammetric office operation of 1 : 25 000 1 * 50
000 1: 100 000 topographic maps: GB/T 12340—2008[S]. Beijing: Standards Press of China, 2008. 4= [ iy 3 {5 b i b £ R % 51 4%
1225000 13500001 : 100 000 e A 2= M Ak Aol BV . GB/T 12340—2008[S]. dbat. H EARAE R AL, 2008.

[42] GAO Y, SUF Z, ZHOU C H, et al. Scale effects of China mainland coastline based on fractal theory[J]. Acta Geographica Sinica,
2011, 66(3): 331-339. i X, hardik. FIASE, 4. T 00 b ORI R 2k RO AL FE [T, B2 4iz . 2011, 66(3) . 331-339.

[43] FENG Y J, YUAN]J Y, SONG L J, et al. Coastline mapping and change detection along Hangzhou Bay using remotely sensed imagery
[J]. Remote Sensing Technology and Application, 2015, 30(2): 345-352. #K A, =AET , KA . . B WE LR B 00 B 5
BHARTE AL ], iR AR SR 2015, 30(2): 345-352.

[44] ZHU X H. Coastline fractal dimension caculation methods and their comparative study[J]. Advances in Marine Science, 2002, 20(2) :
31-36. ARG, ¥ 4 S A BT 507 Bk ORI E L) ], PR 2 . 2002, 20(2) : 31-36.

Coastline Changes in the Zhifu Bay of Yantai City Based on Remote
Sensing and GIS

SUN Gui-qin', XU Yan-dong', LIN Lei’, ZHU Jin-long', ZHAO Jing-li', WEI Xiao'
(1. Shandong Provincial Key Laboratory of Restoration for Marine Ecology . Shandong Marine Resource and
Environment Research Institute, Yantai 264006, China;

2. Institute of Remote Sensing and Digital Earth » Chinese Academy of Sciences . Beijing 100101, China)

Abstract: The temporal and spatial distribution of the coastlines in the Zhifu Bay from 1976 to 2016 was
extracted with remote sensing (RS) and Geographic Information System (GIS). The characteristics and
trends of the coastline changes were analyzed for the study area characterized by the typical land-tied island
under the influence of human development activities. During the past 40 years, the coastline of the Zhifu
Bay had moved to the sea as a whole, with the total length increasing by 15.78 km. The coastline types had
also experienced significant changes, with the natural coastline decreasing and the artificial one being grad-
ually dominated. The changes in different parts of the study area are different, with the most (least) sig-
nificant ones found in the west (south) bank. As a result, the area of the bay shrank by 7.93 km” since
1976. The shape of the bay turned to be more complicated, with the bay shape index increasing by 1.08.
The gravity center of the bay was characterized by the consistent shifting from land towards the ocean,
with a total of 606.25 m during the past 4 decades. The fractal dimension of the coastline increased as a
whole, indicating that the coastline tended to be more complicated.

Key words: remote sensing; GIS; coastline changes; the Zhifu Bay
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