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Analysis of changes in landscape patterns and stock resources resulting from sea

reclamation: A case study of the waters off Changxing Island
KE Lina"*"*, PANG Lin', WANG Quanming’, HAN Zenglin"* , WANG Hui'"?

1 City Environment Institute of Liaoning Normal University, Dalian 116029, China
2 Center for Study of Marine Economy and Sustainable Development, Liaoning Normal University, Dalian 116029, China

3 National Marine Environmental Monitoring Center, Dalian 116023, China

Abstract; In this study, Landsat™ remote-sensing images ( 1995 and 2000) and high —resolution remote-sensing images
(2005, 2010, and 2016) were collected from waters off Changxing Island in Dalian to analyze the dynamic spatial
distribution and landscape pattern change during sea reclamation in that area over the past 20 years. An object—oriented
remote-sensing image classification and extraction method was developed to assess the stock resources resulting from sea
reclamation. We obtained the following results; (1) The largest dynamic change period of sea reclamation was between
2010—2016, and changes were concentrated in the southeast of Changxing. (2) Small patches of various reclamation types
were amalgamated, and large patches expanded. The diversity and complexity of landscape in this area showed an increase,
but the dominance showed a decrease. (3) The use efficiency of sea reclamation was relatively low; the filled-but-unbuilt
area was the largest of the stock resources, followed by those of the encircled-but-unfilled area and the inefficient industrial

town. The total area of stock resources resulting from sea reclamation was 22008.5 hm”.
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Fig.1 Location of the study area in Changxing Island
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Table 1 The calculation methods for landscape indices
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Table 2 Classification and surface image features of sea reclamation stock resources
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Fig.2 A flowchart for the object—oriented image classification technique for sea reclamation stock resources
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Table 3 Reasonable development intensity value of each type potential resource
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Table 4 Dynamic degree index of reclamation types during different periods
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Fig.3 The change of centroid migration in the study area from 1995 to 2016
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Table 5 Changes in landscape pattern indices for various reclamation types in the study area during different time periods

SRR ENy il 77 5 g il HiE RS H w0 e Tl s
Landscape index Year Aquiculture Salt industry Unused waters Port Industry
BEYL A km? 1995 5744.25 10228.5 931.5 — —
Patch area 2000 6576.64 14392.32 885.76 — —
2005 10712.25 14483.25 663.75 34.88 32.56
2010 13977.6 14197.76 747.52 647.48 192.8
2016 14597.39 13585.89 1501.78 3355.93 702.27
BEHLE B/ (4~/km?) 1995 0.278 0.0355 0.0118 — —
Patch density 2000 0.2105 0.0412 0.0092 — —
2005 0.1779 0.0348 0.0039 0.0116 0.0039
2010 0.1487 0.0415 0.0035 0.0105 0.0043
2016 0.0996 0.0374 0.0125 0.0014 0.0062
BEHOIERAE L % 1995 1.45 1.62 1.26 — —
Patch shape index 2000 1.54 1.93 1.22 — —
2005 1.69 1.90 1.34 1.21 1.50
2010 1.72 1.91 1.39 1.24 1.50
2016 1.70 1.84 1.32 1.59 1.44
T RPEHHE L % 1995 2.48 19.55 3.95 — —
Largest patch index 2000 4.67 22.43 9.28 — —
2005 8.07 17.50 2.57 0.09 0.13
2010 8.15 12.92 6.25 1.21 0.64
2016 10.70 10.01 8.98 6.26 1.05

Pl % 58 T s 1 v 34 2 SB35 B (D) Wi/ s  BEHUIR AR TS £ (PSL) 350 iy A 5 15 W1 3 7 o [T L
TR AU RB AR FE AERRAIR , BEHRI AR R A % 0 Tl T 5 Z A S, BEHREE B2 (PD) 3G R # BEHUE 5 4L
(PSI) Z3/ N, Elr FHTEE MR A B B SRS % B (PD ) K BEHUEARFE EL(PSI) B B3 G, K4E
R ST TR 48 20 4F A4 3 FRIRLAF 2R AR & A T 028, 1 1995 4 A3l = S8 & 78 oy vl R 335 RV IR . Tl
W 15 2 26805 3 0 SR Xl 35 B T 2 B DXl ) AR R R S A — 3
322 5K

4 5 B V35 20 AF ] 5o KF-HR B IR N 3R 6 iR« 1995—2016 4% ] S M BEH A i SR B LA K,
1995—2010 4F:[H] BEH SEHA CRAEANAE | Bl S008I 38 P AR S5 WL 61 JEC g R R R A, AR 114 /N B e
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NTHWEAC, T2 2010—2016 4F[0], SO BESRBOM A AN W2 . M SEE) ZREMERE , SN R 2 R

i RICRI A 5 BE 5 0T 52 B ERR AR S Thves (9 3, U D32 DX st O 2 R Sl N J 39 R, DA HE S eSS PR
I HARAE 2000 4F 15 B 5K, i 2l TR mHYI U ) R 35 2 S0 WX A [ AR 5002 B+
YU MR RE WD, T LA R A it 3 R T AR B A D i S5 BB 1o ARG R, S S SRR RO
K, 2005—2016 4F[E], SEULPETE 1 HTE AN Tl e, BB 2R A8 T 2 ool S EUR W R b
T, SMEH AR S PR

R6 1995—2016 EMEX WK FHEHETN
Table 6 Changes in landscape-level indices in the study area during 1995—2016

A0} Year SOULBELEL (LDP) FRZAEEFE % (SHDI) DR EEFRRL(F,) 5] BE 8% (SHEL)
1995 55 0.8305 1.0538 0.7559
2000 57 0.7664 1.0612 0.6976
2005 56 0.8014 1.0722 0.7134
2010 56 0.9169 0.8724 0.7238
2016 50 1.0369 1.0699 0.7479

3.3 R A SR VEAL

TF 5 DX 38 P 4% 288 FETED A7 R R VR AR T L3R 7., W LAAE 1230 il P FB1 SEL VA A7 0 W U LA L A< At X 3
T AR K, IR F)] 10383.1 hm?, ft X 8k A BRI UAE A7 YR A TR ALY 47.2% , KA A AE K 24 15 PE T A L s IX | 7
T STX 2 A 2=l DX K G T 3 1400 72 L0 ¥ 2 DX BT, 2 DX 3 SRR LRI R A Ak X A8 3 i X B s 11 X, ]
Bfi% 2013 4F STX K45, 51 98000 H B IE V& b i 22000 )1, 5 AAF 22 1 3 9% JRE I R 4, R BB Y W™ Bk .
LYK S PRl A X 38, A7 W JR A A 3] 7567.7 han® ol X 38 P R BTG A7- 0 W VR B T L) 34.49% , 2B i 1E
A LS L Ak PR A TR AR P A B S , EL St FRHE TR R S e Sk Tk 3R v A7
HETEIR G L6 10.7%  SE P A AR AEAS I STXOMR T B AR 5 1) 2 i =l DX BRI, 3288 7 M Ry A AR 48 1 ™
b A AAECE LA JFOA STX I 2k 5 Al A B, {H iy F STX 300 H A28 1k, S 30% X8k i Bl 8 152
A SRR A DX 3, A3 R PR R AR 385 S AT R VR RO 4570, 4390 1419.1 hm® & 284.7 hm?, 2351 /5 X
BN R AE R T UR SRR Y 6.44% Je 1.26% , 43 AR ™ LTS LARS AU &85 P LA 553 STX T2 B (4
AATCES Pl B DX X3, % X 3 — B DA SR MY K FRIE MV AR AR GE =l , P & 3 B IR 2 i (H 2 K 4 I 3¢
ISR 2 DX o PRI SRR S SR AR AR FH VA X2 52 ) | DT 7 A R 1 37 AR Al F %
AR %

R7 BLEREBFEFFEENR

Table 7 Area of various types of sea reclamation stock resource

K Type TR Area/hm? i . Percentage/ %
I A K5 Filled-but-unbuilt area 10383.1 47.20%
Filfii A& 42 X 35, Encircled-but-unfilled area 7567.7 34.40%

I3 Tk 34 FH 1 Low-efficiency Industrial town 2353.9 10.70%
fRAEL B Low-efficiency salt field 1419.1 6.44%
A A MIE Low-efficiency aquaculture pond 284.7 1.26%

S Total 22008.5 100%

HRUEF 2016 AR 7 X SR Bl AFLAE A7 1 B8R R 5502.125 hm? , 32 X I S A R0 A1) FH AR 8K, A7
R Bl R R R 23 () B R, 3 i 1 T TR s (A SR RN BE TR 9% . 2017 4E 5 1 19 H EZEERIN G T
i DX ISR £ R ST o S A SCAS P O, AR SRAZ DX A B P 1 R SECHEE | 107 322 0 A PRI SECIAE A7 B8 5UR) ) 4%
TR Al BERE G DR T 20 A
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4 Hit5REE

ARSI L B B TR, 1995 4E 2000 4E 2005 4E 2010 4EF1 2016 4F 138 BGEARVE M HERE, B45 T 20
AR DX PR ST Y A 1) B 24 R e, O LS O Ry AR AR AT T 40T, I35 T 3 o0 W SR B 15 LA % PRl LM A7 o
BRI M &, X T K 2% E%Mﬁﬁi4&ﬁ&Bﬂﬁiﬁi%?gaﬁfﬁ?ﬁi%?éféé%n%zﬂi,3?$6E£Eﬂﬁiﬁi$?ggﬁ§dﬁ?5§&,Xiﬁaté
AT B PR DA T VA . S RIE58 0T .

(UMNMt%EK:%Wﬁ@ﬁ@ﬁﬁiﬁkﬁwﬁfmm-mm@@%ﬁﬂMmeEH%
AN MZS[R] R, 4 2% 55 B 30 1 PRl SEV sh A5 AR fR 1 DX 2 S K, VAR B, 2% 5 AR i o RSB 3 285
KA E B,

(2) 7E PR AR 3 A rp 25 PR 2R AL 0 BB & AR T R RN BE HL o & S 1568 . o SRR
FHZE AU oo VAR MR B e K, TR 3 5.7 ke ; [T 5 5 FHVE TR AR R RR 22 7K S 30800 i PSR ) AR e 7 1) 12745 5
AR T 1 S5 [ 2% 05 P A AE 5 11 A% 2l AELIRE AN K 5 v 0 AN Tl FH A B4 J3eCo p P i ) AR 6 D7 mi 3
HEANIRGT X I BRSO S BRSC M R m T2 %, I S 1) PG LT A% A 34, 156 I K 224 I B A0 YA el T 307 JF % B9
DX 3l i [ G A S

(3) NBESRZE RS- 5, 1995—2016 4F[A], 4 2 13 B 16 Jalt ] SRV T RRUAS B 1 oK, S0 B2 B2 R AR/ )
BEHIE AR BOFN e R BEHLAR BCR 3G e 3, Z28h BRI SR 28 AL (0 /N RV BE BB R & IR B ) A0 J . DAk
LB T X AE 1995—2016 4F[H] 5o BEHE80/ )N, B0 B T, B A 2 FE MR BIOR B A 35 50 B 8 B0 2 30
SEREARE THm ks, HARBEBCA B WF9E X SOWAE NG sl i S50l ek 12 44k, SR 50 0 53
PEFHE

(4 ) THI [ o} G 1) PR SELTAE A % 0 2o TR AR o0 S B U 2 RE A A 240 b 2 B FRLIELY R A7 1 DR UL B, , 2016 4K

2 5% B0 I Vg B RS D g A et VR IS AR v B A0 R BET oAS A | BT I A IR IX s AR Tl IR ¥ AR ER: 1
BRI E, 2R TP AR 26 B PO AL HF S g 3 7 k. 1k 3 2016 4R B 5T X [ E I A7 5 55 U5 5502.
125 hm?,

K 2 5 B VA S R RIASE B LA T 2 J 5 550 T S DX 3 PR YR 2% AERASOR ) T g P — S5 () ™ o, H i )
%@#EE&AME@FEWE*ﬂﬂﬁw%%@ﬁ@%M%£#%%l%zﬂﬁﬁﬁﬁﬂﬁﬁ%ﬁﬁ
SRR A B SR ) FH B T BV A7 1o U5 ) AR FH A8 R[] o TSRV AP e A8 1 ¥ 9 23 [ J@ Pk, e — o
JE X6 S0 B4 A AS IR i BT R K A ST T SRR 12 DX sl I R e VA 3 A S B A W S A, 7
FMFTE Ry PRI T AR A S @ AR TR ST, AR X IR i o A 158 52 3047 7 %) SRR BV 55 A A 20
HF DX IR AT L ) A AR B I A, LA 559 16 00T TR X Vg 3 VR AR A A6 2 R e 1 07 T 5]

ABIFFEANHR 2 85 o 3 i 3o, ] SECTAE 1) o 228 i 728 K A e WS T 0028 40 B, FE SRR %o RS0V 1) FH AL R
FIPEAN IR A FEE— 2 IR ABIEST , LU 45 G A 25300, 80T IR X Vg e iy b X P EL A i), 488 1 5 B et
L, N YR — DAY
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