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Abstract: Ecosystems are closely related to the external environment, both human and natural factors will affect the
ecosystem continuously. Ecological vulnerability research can grasp health of regional ecosystem, which is an important basis
for regional ecological environmental restoration and planning and governance. It is necessary to conduct research on
ecological vulnerability to effectively comprehend the health of the ecosystem. Many theories and methods were proposed to
carry out such research work, but few researches will consider the three factors of humanity, nature, and society at the same

time. For the purpose of understanding the real situation of canal ecological vulnerability in time, the evaluation index
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system of ecological vulnerability was established by Vulnerability-Scoping-Diagram ( VSD) model based on Suzhou section
of the Grand Canal of China. What's more, founded on grid evaluation unit, the spatial overlay analysis was used to
calculate the ecological vulnerability and then to reveal the spatio-temporal distribution pattern and evolution trend of
ecological vulnerability combined with analytic hierarchy process (AHP) -entropy weight method and remote sensing ( RS) -
geographic information system ( GIS) technology. Through comprehensive evaluation and correlation analysis of ecological
vulnerability , the results showed that; (D from 2008 to 2018, the ecological vulnerability of the study area was mainly
potentially vulnerable and slightly vulnerable with the total proportion increasing from 62.63% to 68.79% , while the
proportion of very vulnerable areas and extremely vulnerable areas was relatively small with the total proportion decreasing
from 22.45% to 15.61%; @ The ecological restoration of the study area was favorable. According to the temporal and
spatial evolution trend, the study area was divided into ecological restoration area, ecological flat area and ecological
degradation area. The ecological restoration rate was 37.09%, the ecological flat rate is 37.93%, and the ecological
degradation rate was 24.89% ; (3 The ecological restoration area and the ecological degradation area were divided, each
including four grade areas, of which the ecological restoration area was mainly Grade I restoration area, accounting for
13.31% ; The ecological degradation areas were mainly Grade I and Grade II degradation areas, accounting for 18.80% in
total, while Grade IV degradation areas accounted for only 1.50%. As human and social factors have a greater impact on
ecological vulnerability than natural factors, future economic growth and regional development should turn to potentially
vulnerable areas and slightly vulnerable areas reasonably to reduce the influence of human activities. This study can provide
scientific support and research suggestions for the development of ecological restoration and governance for place like Suzhou

section, Grand Canal of China.

Key Words:; ecological vulnerability; AHP-entropy weight method; VSD model; spatiotemporal variation; ecological

restoration
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Table 2 Classification of ecological vulnerability assessment indicators
PN ISR BENES  RRdess BMEs JEWlEss MRS A
Evaluation index Potentially Slightly Generally Very Extremely Weight
(=) NO#EREE
0.02,0.13 0.13,0.27 0.27,0.45 0.45,0.58 0.58,0.72 0.05
Population density/ (J5 A/km?*) [002,013)  [0.13,027)  [027,045) [045,08)  [058,072]
(-) Tl A e
Proportion of industrial output value/% [32.15,37.64) [37.64,42.95) [42.95,47.30) [47.30,50.81) [50.81,55.34] 0.05
O TV ESHE, |r|‘ .
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=T ] Pl
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Table 3 Classification of Ecological vulnerability
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EVCNGYV, ( ecological vulnerability change normalization
grade value) N5 i AR ME S5 X AR IH— b B 55 UE
SCJ 5 i AN ZSNESS X AT AL TR AR S ooy ST IX L
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Fig.2 Scatter Plot of Correlation between EVCGVW and
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normalization grade value N 17 17
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B, AT 26.21% , Horp b AR R R 32 A v A v [ A2 T I N BE 2 BRI 2R ) =B X AR X Bt
TRZR B 73 DX LA KT 2 Bt 28 1) 2 VT DX 2 B B AR T 041K 5 2018 AF A 2N 2 8 B B M 55 IX o LU Ry 44.44% , 8¢
2018 4EHEE T 3.11% , AW W 55 DX RN 2 G 55 XA L 2008 4E20 5 R R T 5.02% 1 3.51% , /3 A 45 SR LI 3, 1
YRR LI 5,

>z

A A A
— JEBFRMB NS O NSy W ARENESS
] 7 BXR o Rekss 0 JEWHES

3 HRRESRBESS

Fig.3 Distribution of ecological exposure in the study area
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DX, v i 5 DX 3 /0 FLAE A A 6, 4 A A K Wl M B D %) v DX AR X R T Wit A ST I, 2018 4
A SRR — 25 B AR 55 I B T LA S AR K i 1) 1 22 2 B S R 75 DR 22 50 DXl Ay v 7 Y 559 1 X0
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Fig.4 Distribution of ecological sensitivity in the study area
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213 HERIENEEN

2008 A4S X A 238 I RE ) B ARG 55 X R o5 HE 41.52% , 46 1932.32 km? RS ME S5 X 25
AFE T, it BRIk DX 3 T XA 238 0 ) A, PR V5 iR B B A D 2018 4R AR SR AR )
FEINR , 0 nI e K SR it — At | A A 28550 1 0 7% T B s, A A5 I i ) B s W I, MG 55 X i 1)
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Fig.5 Distribution of ecological adaptability in the study area
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Fig.6 Distribution of ecological vulnerability in the study area
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Table 5 Percentage and area statistics of ecological vulnerable areas

TBTENE S RS — BN R e e E e 53
A 24 Potentially Slightly Generally Very Extremely

Year Category g id [EA it TR g i e [HEA it TR hi Lt [P
Percent/% Area/km?> Percent/% Area/km> Percent/% Area/km> Percent/% Area/km> Percent/% Area/km?

2008 TR 19.19 892.88 41.33 1923.02 13.27 617.43 14.83 690.02 11.38 529.49
B 21.86  1017.11 42.87 1994.67 14.72 684.90 12.54 583.47 8.01 372.69
I | 21.51  1000.83 41.53 1932.32 15.16 705.37 11.97 556.94 9.83 457.37
i 553 ¢ 20.59 958.02 42.05 1956.52 14.91 693.74 13.32 619.76 9.13 424.80
2018 TR 23.17  1078.06 44.44 2067.72 14.81 689.09 9.81 456.44 7.77 361.53
UM 2429  1130.17 46.59 2167.76 16.50 767.72 7.70 358.27 4.92 228.92
S| 23.34  1085.97 45.51 2117.51 13.74 639.30 10.33 480.64 7.08 329.42
i 5514 23.84 1109.24 44.95 2091.45 15.60 725.84 9.21 428.53 6.40 297.78

2008 4, T2 U Ab T = & RE B Bt , AR sl AR AR PR M 5, B8 U5 A FH 251G, AR 25 W 55 BE A% )
A, BT 2018 4F B Gt ARV RESR R, A AR IR R 520 ) T B, B 8 G 55 X 5 3E 6 M 55 X &
T R BT 15.61% , VTR MESS X S5 FE 5 E 55 Xt — 2538, o XS T R 68.79% , AT ULAFF 5% X A= 25 35
BG5S M4 10 4E R4 B 42Tt

SEEER S W AR E WS XA IR I 55 B A i Bl AR A DIV AE I 55 X 5 R e 55 X Ok 3 Ut
BN SRR I 59 BEAL T RAFBIAE Ry . 2008 4F, A LU TIUME 55 IX R 32, i HE 42.05% , 21t 1956.52
km?® R WAL TSR] 55 o A, i b R RN A S X o A B B A H AR R Rl
AR B TT BERHL FEA N A LA BERE 55 X R 3 X — B R A TR A RS ) B R s iR K R
AR, AR A R, W5 KA S R G e MR —& 7, 2018 47, H KB A B4 U
SR T RELE R WFST XA B 7 3 H O, A S I T O A TR T A S B G 55 B R AP T R
HEF B 2008 AEAH L, bR T — e 55 DX AR 7 L LT AN AR | A58 e 55 X5 003 i 55 DX Le oA 15.61% , [FEAIR T
6.84% , ETEMESS X 5B ME 55 X 7 LUl 68.79% , LT T 6.15% , it 58 PN o B i 55 DX E 3% A5 [ 54 B8 g 553 IX 4
A 45 DX AR AR IR I 55 B A 22 S itE— 25N
2.2.2 AT KA KA P 4B

TS M A a5 5 FIVEI o8 IX A S S5 A0 X A0 A, o030l A= AS I 55 IX AR fb 2 1) 4 A A 7
Jif 55 X LIRS AL 3 X A B R X A5 1] 430 A DA S AR 2SR A X 2 0] 4 A, a5 LNl 7 R 6 FTom

53 6 KE , TR X A SIS 55K G 16 0L RAF , BB EIX N ok 37.08% , Horpr T ¢4
X TS 13.31% , VRAB S IX 7 Rl 4.95% ; AEZS4F DN ST AR AY 37.93% ; 4 B AE X AR
/N, 24.89% , T GGRAEIX 7 LB Rl 9.54% , IV GERARIX 5 He AR, 1.50% , 7 B M 55 DX 1] v 42 B i 555 X
G AR B, RS X AR AR B A R A, 1R Ak X 32 B2 43 A 8 Tt 35 it 1) v 8 DX R IR X A 1
P 2 LA R R i S v X B3R IX, DA T RN 1T 9GR A IX R 3, A it b o 18.60% , FLrfr I Ui A AH 3k X
FRE R S Hp DX AR SR AR IR T AL AR AN BEAY T & LRGSR A — b, TR 5 YL
TCIERER, SRS BRI RS, T %M 0 ZER X A1 & LA T 20% , 185 X 250 A1 76 Hh i &
FESTT AR I8 DX Tl b DR AR S IR & R T BB/ S, e i o DX T 9%, T
VGBS IX 5 5300 R 20.70% (11.45% F11 8.29% , 5 S diei , 1 1L A= 848 52 Fa e o8 Tk el IX 1) 18.21%
T L X N RS R TR R A S BT R AT R A,

3 e
WS X A= 25 1 55 78 Ak kA 34y W S, R Tl i P B T e D T 3l DX R i 37 DX ) 520 X ) o 24538 A X 3%
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2008—201 845 A& e 55 DX AR A 2% 1H) 43 A 2008201845 Az e 55 IX 25 [ 43 A

R IX CIl—1 m -1 e M-V V-~V . V]V
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Fig.7 Distribution of ecological vulnerability change areas in the study area

Lo WRAERES X5 I . s I, I . —RBEMEss DX IV AERMESSIX; V. BREENESS X

i HAr A SR b IX N T FE I 2008 4114 0.09 J7 A\ /km* EFFE] T 2018 419 0.25 J7 A/km®, £ FH H
7 FEIRIRIA R 1 15.39% , 8 m i\ R (845 b oG FR 50 Bk, H 5™l DUSE =7k 3=, 2008 4F Fil
2018 4E 1Y Tl 75 YL HEO 43 5 5 BF 98 X AR Y 47.61% 1 42.34% fH 2 | b iieHh X IR B V5 YL ya PR 8% A
B AL 7.37 12T 1 3KE] 15.13 27T, 52 2008 4F-F1 2018 4F (175 7K AL HRA 53 A 78.77%F187.23% , V
K5 V ZEKAE Wi e T v o B IR T 98 XS 38 7KF | 23 51 h 31.23% 1 19.80% , {845 L Jife b IX ) A= 28 %%
5 EFE BN 2008 419 1.70 3K B T 2018 4F 14 2.01 , 75 Yo HR R B4 i LA S AR 7 B 3 (I X el A 2R 1k
XN L B B sl U Tty 2 DXORI T e DX 0% i 30 e DX A BB BB DA 75, 12 X 3 i 1 e v
R RERE AL A D 5 =k & ik, Tl /K A % A HE R B2 M 2008 4E 19 3.57 J7 v/km® [0.35 14 m*/
km”.0.09 t/km’® [ 3] 2018 4EAY 0.28 J7 t/km* ,0.04 12 m*/km” ,0.01 t/km?, 25 S TR FEEU 2008 4E () 84.34
TREE]T 2018 41 46.19 , FhiiE X A= A 2 77 BE TR UM 2008 4F11) 1.59 T BEE 2018 4F 1Y 1.31; Hhiie i i b [X.
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Table 6 Statistics of the proportion of ecological restoration zones

AHIR X BT [LDINS Tl e X FHX RILIX WX
BRI IX i bt/ % i b/ % i b/ % i bE/ % i b/ % i /% B/ %
Restoration zones Proportion Proportion Proportion Proportion Proportion Proportion Proportion
of xiangcheng of gaoxin of gusu of gongyeyuan of wuzhong of wujiang of study area
R X
F et . 14.49 11.32 20.70 13.34 14.34 9.26 13.31
Grade I restoration area
RABHE X
TR X . 10.76 9.94 12.94 18.21 10.39 10.69 11.25
Grade Il restoration area
KBE X
]]LAU Al . 7.35 5.66 11.45 7.49 6.89 7.12 7.67
Grade Il restoration area
HAEE X
VaRER X . 4.47 4.77 8.29 4.72 7.85 5.06 4.95
Grade IV restoration area
- 7\5 3: M X
i ?14:[: 30.44 46.70 24.23 41.15 31.61 49.98 37.93
Ecological flat area
I R fEIX
10.22 .14 11. . 13. 91 2
Grade I degraded area 0 8 69 778 3.50 8.9 9.26
I R A IX
10.66 7.43 6.92 4.12 7.99 3.64 9.54
Grade Il degraded area
M ZR LI
. 4.97 2.44 2.67 47 91 4.
Grade Il degraded area 8.65 ? 6 6 39 59
FaR L IX
VELBIL X 2.96 1.59 1.34 0.52 0.96 1.43 1.50

Grade IV degraded area

I GUEE X . WEAERESS X LA 55 XA A 7 M55 X X8, 5 T REE X, Rl ss X L LR ss AR R i ss Xy X8l e
X e — e 55 DX LA B35S DX 28 Ak g — M 55 DX A X0 5 IVEB A2 X 3 I 55 X A b a5 DX AR A S =l 58 X X3 5 T ZaRARIX . v 55
X LA W55 DX ARk k42 i 55 DX A 0 D3 TTGERA X . — e 55 DX AR i 55 DX AR £6 oy — M e 55 DX 45 90 09 Xl TR AKX, 5 155 X LA
T R 55 DX AR Ak A A G SS XS DX 5 TV RGR AR DX B I 558 DX T M 553 DX T A Wl i 553 DX 45 20 11 X 3

A= GRS A B R A B R AR BE A, AR [R] 1 M 255 R FHFR BRI A — MU 2 oL FE R 5y
FIEETHT 135.6.0.15 .154.96 , A A BUBMEFE EON 2008 419 1.17 FRES] 2018 419 0.75 , 12 DX 3™ 4 45 il 15 Y
HEMC A PRI - 3R R AR O, 175 A 25 2 55 B i B5ORN A 28 U PR 48 RO I FE R AT, B 2 4434
3 IG5 DX AR R S 55 X, A A S B A B Y T B AR B R AE LR L T RN F AR HL
FI SRR F0 T, 2% T 58 B AT, 4T ] BN T AR BE IR Sk M A 31 T 2.89 42 L/km?®, 3= & A /K SCHE IR 75 1%
DX 3 P AR VT FR 0 7l bRl | R b K% el b5 T o L DA 2008 4 Y 25.39% £ & 5] T 2018 4F 11 38.90% ,
2008 4FF1 2018 4T e XA i KA H BRI R EA Ry 58 KA 52 K, AR A BURPE PR £ 2008 4F 1Y 1.26 T [
) 2018 4F 119 0.63, Ait, T e XSRS A THE I BN, Toll ¥5 YL HEO £ | & R b AN & B9 5K 52 )
T KRR A SR A S A, A AR SR B A 24 BG4 B2 43 391 D 2008 4F119 2.76,0.15 v/km® 3K F] T
3.81.,0.28 t/km® , A\ Ry T-HU5 FE A3 K15 A5 AN FR B8 BE R AN 1.60 3 H 1.71; T I X A= 2535 7 BB 7 H5 4K
M\ 2008 41 0.87 T RER 2018 4E(1% 0.73, FI SAFE B 56 F8 55w , (H A B DX A 47 2 R IR, PR ORI AR A 45801
B 5 KA B AN e 2 T TSR 0 XA 23 N ) PR A 18 Y R B R R AR BE TR RS A
TR EEBLAR T S iR SIS 2 A

MEAMEZ I - F, T i X AE 5 X TR £, Al XA S R a5, e KGR b X b g, i
HiLIX 2 R AT 5 M B T e oA Sfe £ 25 A FHRMRL ) s DI, %o T i DX it e = i Al T G W
EHL, KR T, iR TS YA BT 4 AR TR R BRA AR, JE 5 AR DX 38 P 8 FRbR | T b s X
i b X A 32 DX ) Uk Ak 5 T ) TAE S Ak (PR AR 5 T 1) EA% [z X3 AR A A BE Rt A 7
R, TP T TR RS DX TR I — IR B PR AR 28 5 1 et DX, % [ R R B AR FH AT 7 A DR AP
PR 7 o TR, v A X SR A 56 R A ORI T A b B
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4 £t

iz 1] VSD HEBUARE JI2 ) 55 M B [ M DX A2 25 PRAER DL, BT 0 P RN IR ) | AR IR 3R 3R
ORI AHICR) 24 AR, 1T LI RO ITASIFFE X AR S PR 5E B S BROR B0 , RO UM AR 2SR BT A 3R iy ELAE 25
e 5553 DX AR A PEL s AT L5 i B et A9F 58 DX A XA A S s P AR AR 0 AR, AR 2 s M PP R REXT 2R
PR BEEAT RS VA i — 7 I 18] (5] B A AR ShAS PR, Joiko A= 3R 5 A 1 s A5 Re b A7 i i, AN RE
Xof AR A A FREE A RROIR B LA Kt B RS ) RELHEA T BRI DRt , 3 S 53 AL — 20 X ] A 25 3 g
RBCHEA T P15 RE ARG & 1970 HT , I BV EA T & BT AN = 13 PR BT 2 AT I EE
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