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Ecological risk pattern based on land use changes in Jiangsu coastal areas
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Abstract: In order to assess ecological risk caused by land use changes in a region with a rapidly developing economy,
based on remote sensing data of land use in Jiangsu coastal areas in 1990, 2000, 2010, and 2015, this study analyzed the
land use changes and its transformation, quantitatively supported by Geographic Information System ( GIS). The present
study built an ecological risk index based on the landscape disturbance index and vulnerability index, and then the spatial
and temporal dynamic changes of landscape ecological risk were quantitatively evaluated using geostatistical analysis and
spatial autocorrelation analysis. The results showed that the ecological security of Jiangsu coastal areas had improved, and
the average ecological risk value of the entire region decreased from 0.1563 in 1990 to 0.1529 in 2015. In the last 25 years,
the moderate ecological risk level covered the largest area of the study region; the higher ecological risk level was mainly
distributed in the cultivated land of the southwestern region and the waters of the western region of the study area, and its
area decreased. Grade reduction zones of ecological risk were mainly concentrated in the higher ecological risk area,
moderate ecological risk area, and lower ecological risk area. Meanwhile, grade increase zones of ecological risk were
mainly concentrated in the lower ecological risk area and moderate ecological risk area, that is, the grassland and waters of

the eastern region of the study area and the cultivated land of the southwestern region. The rapid development of the port
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industry and new coastal town resulted in the intensification of land use change, which damaged the balance of the
ecosystems. The overall spatial difference of ecological risk in the study area had increased, showing the high-high
aggregation and low-low aggregation in the local area. The area of high value primarily aggregated gathered south along the
western boundary of the study area, and the low value aggregation region was largely distributed in the northeast of the study
area and the eastern coastal areas. In addition, arable land, waterbodies, and construction land were the main sources of
ecological risk in the study area. The results of the present study could provide a scientific theoretical basis and reliable
technical support for the realization of land sustainable utilization, promoting the coordinated development of land use and

environment protection, and the policy making of ecological risk management.
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Fig.1 The coastal region of Jiangsu province
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Fig.2 Land use in coastal areas of Jiangsu (1990, 2000, 2010 and 2015)
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Table 1 Landscape metrics of each land use type in the coastal region of Jiangsu

proV el I ] TR BEYCH TR IrEE e TR 5 2 PN
Landscape Time Area Number of  Fragmentation  Splitting Dominance  Interference  Vulnerability Loss
types /a /hm? patch/ > index index index index index index
Bl 1990 2499650 1131 0.0005 0.0122 0.6177 0.1274 0.1905 0.1558
Cropland 2000 2486360 1176 0.0005 0.0126 0.6172 0.1275 0.1905 0.1558
2010 2374126 1367 0.0006 0.0142 0.6017 0.1249 0.1905 0.1542
2015 2314779 1835 0.0008 0.0168 0.5993 0.1253 0.1905 0.1545
Ml Forest 1990 35282 303 0.0086 0.4491 0.0655 0.1521 0.0952 0.1203
2000 35152 303 0.0086 0.4508 0.0652 0.1526 0.0952 0.1205
2010 32404 286 0.0088 0.4751 0.0687 0.1607 0.0952 0.1237
2015 33435 301 0.0090 0.4723 0.0702 0.1602 0.0952 0.1235
Fi i 1990 133058 329 0.0025 0.1241 0.1083 0.0601 0.1429 0.0927
Grassland 2000 105105 329 0.0031 0.1571 0.1038 0.0695 0.1429 0.0996
2010 60419 257 0.0043 0.2415 0.0851 0.0916 0.1429 0.1144
2015 57240 239 0.0042 0.2459 0.0819 0.0922 0.1429 0.1148
K3, Water 1990 288781 1814 0.0063 0.1343 0.2862 0.1007 0.2381 0.1548
2000 301683 2049 0.0068 0.1366 0.2926 0.1029 0.2381 0.1565
2010 346672 2792 0.0081 0.1387 0.3162 0.1089 0.2381 0.1610
2015 359982 3034 0.0084 0.1393 0.3263 0.1113 0.2381 0.1628
R 1990 357483 11875 0.0332 0.2775 0.4720 0.1943 0.0476 0.0962
Construction 2000 385946 12465 0.0323 0.2633 0.4769 0.1905 0.0476 0.0952
land 2010 488153 11809 0.0242 0.2026 0.4803 0.1690 0.0476 0.0897
2015 539059 11477 0.0213 0.1809 0.4804 0.1610 0.0476 0.0875
ESALEE 1990 202 3 0.0149 7.8052 0.0019 2.3494 0.2857 0.8193
Unused land 2000 202 3 0.0149 7.8052 0.0019 2.3494 0.2857 0.8193
2010 12673 44 0.0035 0.4765 0.0212 0.1489 0.2857 0.2063
2015 9921 36 0.0036 0.5505 0.0171 0.1704 0.2857 0.2206
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A5, U WA H A 5 b X YT TV X AR A 2 Al AR
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R 2 1990 £ ,2000 £ .,2010 £F0 2015 F £ KR HEE
Table 2 Ecological risk index in the coastal area of Jiangsu during 1990—2015
E0y Bl it Hiih K38k B ARA 3
Year Cropland Forest Grassland Water Construction land Unused land
1990 0.1113 0.0012 0.0054 0.0268 0.0116 0.00001
2000 0.1114 0.0012 0.0036 0.0278 0.0119 0.00001
2010 0.1057 0.0011 0.0024 0.0303 0.0143 0.0004
2015 0.1034 0.0011 0.0022 0.0307 0.0151 0.0003

3.2.4  AEBKEAEE [ 5

(1) 78 53 sRBUB R 2 SR

FFXT 1990 ,2000,2010 F1 2015 4F 416 A= 285 KU 48 BRI | #E17 78 S bR BRI R e L4 . GS
+7.0 17,1990 4F 2000 41 2015 4F HIEKIE A (4005 RO S 3R 1T 2010 A7 BB A B il B, BT
A SIS FE A A8 R R S S AL 5 FNIER 3

1990—2015 4F , F S {H LR AF G N ZS 3, M 1990 4119 0.0298 HE T ZE 2015 419 0.2154, B + s F FH A=
5 ARG iR B2 1 5 B] 0 A A 34 5 P B i, 22 SR i DT O, SRR (E M 1990 A 1Y 117300 m 3 E] 2010 4 1Y)
149400 m, % 2015 48/ 24 103400 m , & B A= 25 AU 8 B0 AH S 3o B 2 S8 hn Je e /NS 3 A= A U R 4
BRI b RS S A, FLYE FITE 25%—T75% 22 1], & B A= 25 XU (B0 4 TR)AH OGP S22 S vsl s Bk 34, LA
Kotk — AL TR

0.0319 |- |

o d 0.0333 |- 0O
U= m] [ L 0= 0o -

0.0239 |- 0.0250

0.0159 - 0.0167 |-
3
g 0.0080 - 0.0083
5 19904 20004F
E 0 1 | 1 0 l | |
. 0 77781.75 155563.49 233345.24 0 77781.75  155563.49 23334524
Bl
R 0.0354 0.246 - =] O
*‘- = o 1l

=]

0.0266 0.185 - mlg)

0.0177 0.123

0.0089 20104 0.062 20154

0 ! ! ! 0 L ! !
0 77781.75 155563.49 233345.24 0 77781.75  155563.49 23334524
2K Separation distance/m
B 5 IHBEtRESKEIERTRREME
Fig.5 Variance function curve of eco-risk index(1990,2000,2010,2015)

x3 EREYRBPBEXSY

Table 3 Semivariogram model and parameters of ecological risk index

Pk

Ay Y Wi fE e aELiEl ) TR . B2
. Ratio of nugget Coefficient of .
Year Model Nugget Sill . Range/m L Residual error
to sill determination

1990 BRIpARE AR 0.0095 0.0298 31.88% 117300 0.9640 0.00002
2000 BRIE AR 0.0094 0.0310 30.32% 121300 0.9600 0.00002
2010 FE R 0.0093 0.0335 27.76% 149400 0.9440 0.00003
2015 BRIE AR 0.0632 0.2154 29.34% 103400 0.8440 0.0044
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(2) t 25 PR B 2 L3 A

HEEAS U S RO L R S5 T A LA M S WA 45 1 (FE 6) DS H A X B (% 4)
foebs TR RS2 (36 5) AR SHALI (11 7)

WA 6 LT 1990 4F e b 5 AU DX /b, 383 T2 X 7 8Kk O MM 53 s B
S 523 A A5 M X LS AR B R s F 5 DS A DB o B 6 5 T LR XS4
PR 7 2000 4 B UG T R K, AEJSCR (8L T B DA DA AR S M UK sk 4347 B
2010 42, 25 KM D AR D A8 o SR X 36 38 o T 26 B A M K R4, 275 5
s M, S AS KR I 5 SIS IS B 2000 45 T BUA B, IR ) 1 LA, 25 2015 48,
AEBIFSEI A1t A5 O BRI B 2R D AL 38, 2 5 B BB IR X . BFSE 1,
VLSRG 45 B Do 2 25 RSB D A5 B WX 01 X 25 SR B 2 5 M
R B AN AT AR A

19904E

Bl
[ ] femps
BARMEE

(I) 8|0 1|60km

6 1990,2000,2010 70 2015 &£ £ XX E RS
Fig.6 Distribution of ecological risk types of 1900,2000,2010 and 2015

BT 4 IS HR RURS DX & T AR FIE 4 AR B, 435 91.96% 91.24% 90.92% F1 69.19%
T AL I 253 1990—2015 4F, FR XS X AR T BVAR Ak B i ok, U/ T 7495.39 k5 5B RURS: DX A g ARAR Ak i
W2, HTNT 6983.68 km” 3 H XU X T o 1 AR Ll 4% /)N, AHE 2010—2015 4F 1] H B 5 4 v XURG: [X g AR 52 i 1
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JRUSASH REARWD T 395.29 km®, SVASKFR VL5 I DX A 25 IRURS: 5525 im 1) DX I T AR D | A 2 KU 55 %
AR R DX I AU o, 2 W BT 5 J0 ) A 25 22 4R B0 T4

R4 IHBBMER 1990—2015 F 4 AR % REFRE L5
Table 4 Area and proportion of the ecological risk grades during 1990—2015

. 1990a 2000a 2010a 2015a 1990_,20}5
IRV A5 9% Area variation
Risk grade [EA a1 [ el [ EA17] TR 41| [lagizt
Area/km? Proportion/% Area/km> Proportion/% Area/km> Proportion/% Area/km? Proportion/% Area/km?
2554
A . . 0.00 0.00 0.00 0.00 0.00 0.00 907.00 2.76 907.00
Low ecological risk
AR
BN . . 1758.12 5.34 1777.31 5.40 2026.57 6.15 8741.80 26.55 6983.68
Lower ecological risk
rh UK
. ., 30275.73 91.96  30039.96 91.24  29934.17 90.92 22780.34 69.19 -7495.39
Moderate ecological risk
% e AU
e 890.38 2.70 1106.96 3.36 963.49 2.93 495.09 1.50 -395.29

Higher ecological risk

FH% 5 Al A, 1990 451 2015 4F-[i] , AU 55 25 3 A1 DX 48 1) e T FHR 9336.42 kT 48 AP XU G 2] v JRURSS: | P
JRUIS: 114 v XU A TET R AR AT 184.43 km? | 37670 T JRURS: S5 0 BRI S TR R, AR 9 DX AR A e R T 0 7% |
TES RS KT AL R rp | 55 RS de 22 (10 2 v XU ) B AR XU 56 8, 6 AR TR Ry 7946.59 km s HOR A 5
RIS T IR RV 56 85, 36 A% T AU 866.02 ke 5 B8R XUBG: ) wh KUK 55 % A T ALK 96.88 km” 47 87.55 km” i+
DRSS DX ] 452 v XS DX 5 8% T 658 v DRI ) v XU 5 % B4 TR AR 482,84 km® VAR T AEC XU AR 4 A1 UG
XFER M HRK L,

£5 IHIBEHE 1990—2015 F A B KR SR ERFEBER/km?
Table 5 Transition of different ecological risk grades during 1990—2015

2015a
1990a IR AR o XU s AU
Low ecological Lower ecological Moderate ecological Higher ecological
risk area risk area risk area risk area
BEARIXS: Lower ecological risk area 866.02 795.22 96.88 0
s XU Moderate ecological risk area 40.97 7946.59 22200.62 87.55
v U Higher ecological risk area 0 0 482.84 407.54

AR 5 IR 25 20 118 25 () AR A DU (TRT 7) A 28 XU S5 4 T v g DX AR v AR AR XU X5 o XU
DX, T 45 0 AR AT DX A v XS X e XU DRI ST XU DX XA 3 A [T A 285 XU 35 % T v DX s, S 4 vp
T AR B b R K Sl b DX LA K PG i S A e DX 3 R DR Ay 2 S TR i DX A s 1 R b S A T R, K B
AR 2 TR, S5O TP BE RS A5 K, S B0 A8 XU R BE Iz, 5 LSS 2loet Bk b ) TP B I Pt 2
AR 25 AR S5 0 T i 14 SR EA
3.2.5 AR AR ECE E] A A S

(1) A Jmyas i) 5 A

FIFH GeoDa 9.5 T TTIRVFIFHLIX 416 AEEIX 1990 4F 2000 4F 2010 4F 1 2015 4F A= 45 KUK 15 £ 4
J&y Moran’s T, FH T B iF 48> DX 3l AR 285 XURS 48 5500 2 Tl = 8 L 2, 1990 4F- 42 J/) Moran’s 14 0.4172,
2000 44 J5) Moran's 1 24 0.4297 ,2010 4F42J5) Moran’s 1 47 0.4398 ,2015 4F4xJ&) Moran's 1 4 0.5417 , 4 ~Hf 1
Moran's 1 ZUE Y0 AR, H AN H R BIVLIRI b DX AR 25 XU i B07E 2 8] 234 H A B i 1 TE AR O
P, RIS b [B) A 7EAH 52 52 B0 s ) iy BE AR | 7 s 1] FF 97 ) b 1) P A 2 DU, S5 AR B
b 1 225 1) £ 2R St L R %) A | WV 9 T b ) T A 2 DU i 8 ) R R 2 i) 3 S M o
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(2) JRyfias (8] { AHOG

H T4 J5 Moran’s 1 /N BEERINAR AR X 358 2 ] A= 25 KL
I 588 B 119 728 () SRIRASE X | Ay it — 20 1 2 A5 A XU (EL
P e B BTG AR ) S 8 2 () SR 4 | >R HH Ryl 2 ) | AH G 43
Mo RH Rook M4&RHEACHE K FE 5 W VL J50 U V6 1l X
1990—2015 4 25 WU Ja il FAH G 25 2R (181 8) . i A
8 FIAS 4 /> 1A A 2 25 U 48 $50 7S 1] o3 A B LA S —1
REME—IRRELA N F, EBKEIR—REX

>z

&1 451
FEAI A AE G DX AR AL TP AN AR TRV M X 2% B i [X 4, % %fmmz
1 2 SR P ELATT A0S M X 128 7 R 3t T

%, X AT RE S S X U B B 2, A B R R E

A5 A S KU, v — e AR DX 2 WIS DX PG A L ' '
FAL 1) R IR A | T AR R A e XU X, U5 P 5k 2 i X

F P2 XU S, AT 0 MR P 25 KU S 0 BT 19902015 SEGNE SR

% ’ /E\: )E % lli[ﬁ[X iﬁiﬁ z E/‘]%# i’@ %ﬂi IJ_:( Fﬁ ’ *E %ﬁ% 4_:‘1'121 Tﬁﬁ Fig.7 Changes of ecological risk grades during 1900—2015
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Fig.9 The contribution rates of different landscape types to ecological risk
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4 SFigH5iig

(1)1990—2015 4=, T 70 Wik i X 4 U PSR AR R 5 AL 719 L) b O ik s, %X+
b 1 FH 725 A 8 S A S5 A b, b R AR a2 | G v B b A b i B K 9/ 1848.40 k5 I b |
IR A 1 FE S84 A0, HG v i PR M B 0 B B R, R 1816.27 km®, BFMb E EAL AL S E U I, R AN
SRR A B b 4 A A b 2 BRI T K e o I v R S A TR, R R R e b R
Peles AR, T R R IR L,

(2) i b A SRR L B0 IRUE B T s B0 S VT 3 Y v DX 55 U A4S i 1) e A 0 A B2 4 50 m, 1990—
2015 47 BEHAN/KSREES R H 38 (ERE b v AR | 5 S5O L ) A AR R A S AN T B K K R AR
BN, AR AR RAR B BORN 43 2 FE R B S ka4 a1 FH b R A A1) b 1) BRE B 0 3 P 14 U, AR R R
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O3B FE AN /D 5 e b R T AR AT B R A e AR R A

(3)1990—2015 4= [l 5% X A= 25 XU 75 B34 H 53 31 0 0.1563 ,0.1559 ,0.1541 F10.1529, KB iZ X A3
JRUBGE 5 B 5 R AR 3A, AF 9 ST, v IR DX T o T R 8] e A, 2 il /25 s e XU X 5 B /DN, FLOs /L
T 395.29 km*;2010—2015 4F [ HH BUATC XU DX JRUISS: 465 25 38 A1 DX 38 ) A T B R IXURS: 5 0 8 DX ) A T
T, S0 T e DX ok T 4 7 AT s A K sl DX L P R AR X A L X Eh T X AR B T
Az S RS B3 1, 32 2 W T DX Rt DX P XU FE BRI . 745 G S RS AR S oAb el A v, A vl XU 1) 358
A RS AR 2, 2 8] 75 A 25 XURS: 5 BE [ PR ol ) T T 22 8 R/ D T 34, DU 55 0 22 i R 4
A0, RS (R k2 ) 3 S o, ) s 28 () A DA s — i R AE AR R A2 28R & o p s (R AE X %2 iy
T2 DX PG 8 &7 Pl 20 A o) i SR, = A v e g XU DX AR AP SR 4 IX = 0 A3 6 AR 5 IX AR AL R 2 3 v 1
DX, Bkt K s RT 15 FH b e A I DX A 2 UG A = R U, b e ot N 51X A 25 IXUG: 1) B iR R
i, KSR AL 1R FH b 1) A 25 RUBG: ik R S s 3

(4) T FAE S R A S DX el A 2 RS EL A ROBESE B, PR AR S Ao o) 55 A sy i 80 A7 38 3 1z
AT BRE T VT I T 1 X A 25 XU AR IE A B AR ST R S 50 m, 78 IR _E 434732 IX A 25 KURS: O s 25 43 57
FRIE, 5380, 383 T H RT3 VR U b DX A5 FH b S ARG AN [R] DX 3 A 25 UG 1) BTk %6, 45 B AS (] DX 38k 119 32 2 JRUBS: 5

SRR PPN SRS - R TS ARSS &, S TR T B T A 1 f A 2 RURS: A7 X 5, AR S U
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358 1 A A 2 R Sk U B L i PRI 26 Ay DX 3 A 24 XU 7 B B iRk 2 1 i AL B AR
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