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Abstract: Climate change, eutrophication, and habitat fragmentation are ubiquitous ecological problems in the world. It is
important to conduct scientific assessment of the external pressure and the resilience of ecosystems for the ecological
management and restoration. In the case of the Yangtze River Estuary, as the end of the basin, huge amounts of pollutants
were carried into the area, which resulted in the degeneration of the ecosystem during the past decades. However, little is
known about the tendency of ecological vulnerability in this area under the effects of human activities and climate change.
Consequently, the ecological vulnerability in the Yangtize River Estuary was assessed using geographic information system
(GIS) software combined with spatial principal component analysis (SPCA). An analytical hierarchy process ( AHP) was
used to determine the evaluation factor weightings. According to the ecological vulnerability index (EVI) values, the eco-
environmental vulnerabilities of the study area were classified into five levels: potential (< 0.5), light (0.5—0.8),

moderate (0.8—1.0) , heavy (1.0—1.2) and very heavy (1.2—1.5). The results showed that the inner mouth area of the
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Yangtze River Estuary was the most vulnerable. There was a significant decrease tendency in EVI from the inside to the
outside of the mouth. The spatial distribution of the very heavy vulnerable areas within the mouth has shifted southward in
the last five years. The extremely vulnerable area of about 2000 km® has changed in the assessment area with extremely
vulnerable area decreased by 7% and severely vulnerable area decreased by 5%. One the other hand, the ecological
environment status out of the Yangtze River Estuary has obviously improved from 2013—2017. In general, the input of large
amount of land—based pollutants and the instability of the ecosystem caused by human activity were the main factors for the

high vulnerability of the Yangtze River Estuary.
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Fig.1 The study area and sampling sites
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Table 1 The ecological vulnerability index in the Yangtze River estuary
H#5)Z Target layer H—J2 Level 1 552 Level 2 =2 Level 3
Jie 5 4 SRR FIF i Pz i (+)
Eco-environmental A (-)
vulnerability index, EVI THLAEHRE (+)
B IRER W BE (+)
BIFY S (+)
A AU AR GLA TRUPHEYI B (-)
JER M ()
A Z3E N RE yrILRES MR a I ()
“+7 FORMEIVE RS AR, - FRNE S T AR

— P TE A AT R AR v RO 22 BB TTRR SR KT 95% (14 F LA E A REARRR Y ARSR S BT
5 A FERLSHE AT DB AR PR B e 55 P 0T H AR AR A T 0T . BT = AU LR 2,
L4 RPN E

AW FE K 2 K 53 BT ( Analytic Hierarchy Process , AHP ) i 52 W-H 38 45 B9 AL EE | 17 SC MR 48 Aif 74> £ 040
75 22 SUBR AR 7 % T 2 ) 1 E A LU I A T R 2 A B O AR B A% T U AR BUAR EL, AR
JEAE Yaahp B4 P RN RIFEARIUAL S | e J5 AT — BRI R I 45 R N BEHL— M LR (CR) /T 0.1,
FWIRARIIACE TG KA ARBFIERT 5 A F A ACE L3 3,
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A5 Wang SN E A A EREE E PR s KRR R A5 T T3 55 14 35 %X ( Eco-environmental
vulnerability index, EVI) , 115/,

EVI = 2 w, f, (3)
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Table 2 The eigenvalues of the first three principal component of the indices

- . FEWA W45 The results of principal component analysis
WAL bR
Assessment index 2013 2015 2017

PCA1 PCA2 PCA3 PCAI PCA2 PCA3 PCAIl PCA2 PCA3
JEEATi2E 4 Benthonic organism 0.11 0.23 0.15 0.05 -0.36 0.09 0.19 -0.34 0.20
M14¢2% a Chlorophyll a 0.28 -0.46 0.15 0.16 0.21 -0.08 0.11 -0.07 0.04
1b2# T A B Chemical oxygen demand 0.04 -0.11 0.01 0.38 0.06 -0.46 0.22 0.30 -0.32
%8 Dissolved oxygen 0.23 -0.39 0.25 0.04 -0.28 0.37 0.13 0.30 0.83
TEHLA Inorganic nitrogen 0.70 0.48 -0.09 0.52 -0.13 0.24 0.64 0.02 -0.20
TFIFHEY) Phytoplankton 0.27 -0.42 -0.02 0.10 -0.04 0.21 0.13 0.03 0.16
TG PERERR R Reactive phosphate 0.45 -0.14 -0.57 0.47 -0.27 0.21 0.55 -0.47 0.11
B Suspended substance 0.28 0.20 0.73 0.42 -0.16 -0.11 0.30 0.19 -0.13

F3 KIOBGEESKRERSZETHEREEIRSNE
Table 3 The weight of Principal component of the indices

FE 4> Principal component

 Year % 1 EWSr PCAL % 2 EWSr PCA2 % 3 WS PCA3 % 4 EWSr PCA4 % 5 EWSr PCAS
2013 0.7552 0.1093 0.091 0.026 0.0185
2015 0.8598 0.0914 0.038 0.0074 0.0034
2017 0.7152 0.1204 0.0936 0.0548 0.016

R Liv ZE0F58 073 ARBF 83108 T X 25 4 1 55 1 25 9% 35 % ( Regional integrated eco-environmental
vulnerability grades, RIEVG) , 115 /A L,

m A.
RIEVG = 2 G, x sl (4)
K RIEVG R IXISZE G W RS, G, R i XIS VAN S5 2, Al & G 55 1 S5 GO0 L (R TR, S, ok DX

)
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AWFFEAE ArcGIS 84, FI FH Reclassify PREL, K H SK W 515 ( Natural Breaks (Jenks) ) ¥ 551 % 2 7
ﬁ 5 Qﬂo

2 HR55%H

2.1 KIT A S IR BRI 55 14 7 )

2013—2017 4F , KT LA S EABE NG 55 M6 5 (EVD) BB 7E 0.5—1.5 Z ] SERE R 1.2, Hid 0.6, 1.
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Table 4 The total area and the proportion of different eco-environmental vulnerability level in Yangtze River estuary

2013 2015 2017
- EVI % ' SR % ) SR % ) paYiigia
Wess o fH A& % i R AR i HAERE HHEE i i AAEAR LG
EVI value Raster Avea/km? Percent of Raster Area/km? Percent of Raster Area/km? Percent of
number TR otal area/% number TR otal area/% number reasia total area/%
4 Potential <0.5 24795 2324 17 27986 4330 36 24269 4238 32
2P Light 0.5—0.8 26680 2660 20 17829 3892 29 16342 3157 24
I Medium 0.8—1.0 17382 3247 24 8379 1373 10 20192 2795 21
HJE Heavy 1.0—1.2 14265 3033 23 23086 1465 11 19340 2066 16
P Very heavy  1.2—1.5 12478 2039 15 28642 1735 13 25107 1020 8
g N
Q RN 2013 TS
ST oI 4 R 20154 A
=L
! !
E 122° 123°E
2017
“ * 0  40km
EVIZg;
L33
0 LI ¥ 4
= .
B
W
1 1
122° 123°E

B2 KIOBEHESHRERSZEZTESH
Fig.2 Spatial distribution of the eco-environmental vulnerability in Yangtze River Estuary

EVI, A= 2555 1 55 38 81, Eco-environmental vulnerability index
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P A LT 2013 4F,2015 4E 12017 450 BN T 19% F 15% AR R BE if 553 DX T AR AR FEAS K (&L 3)

XF 2013 4E 2 2017 AV 1 ¥ 3 A A5 BR 45 X I 25 5 G 555 14 55 9% ( Regional integrated eco-environmental
vulnerability grades, RIEVG) 73 #r 2 W] (&l 4) , RIEVG { 2013 4E % K, 2015 4EF1 2017 4F B & /)N, 2013 4F
2015 4F &% 2017 4% ,RIEVG 43518 2.98 2.35 2.43, I FLAF XIRME S5 PR S5 90 NI T 18% , W P88 f 553 DX o 38 i
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Fig.3 The changing trend of percentages of vulnerability grades Fig. 4 The changing trend of regional integrated eco-

in the last five years environmental grade ( RIEVG) values in the past five years

£S5 2013—2015 FRTOEEESHENRE R ERER

Table 5 The conversion matrix of eco-environmental vulnerability from 2013 to 2015

2015
2013 PRI X RN 5 1 P X TSI X B 5 1

Potential Light Medium Heavy Very heavy
U 55 X Potential 1838.8 480.1 0.0 0.0 0.0
BREFNEHS X Light 1163.6 1492.5 0.0 0.0 0.0
TR MESS X Medium 1498.9 1552.9 188.9 0.0 0.0
T NEFH X Heavy 235.5 221.2 1047.7 1170.3 352.3
W BENESHI X Very heavy 88.7 141.1 136.8 294.4 1378.3

£ 6 2015—2017 F£T O 4 SINERE TS R IRIER
Table 6 The conversion matrix of eco-environmental vulnerability from 2015 to 2017
2017

2015 P55 X B IEgs X HE I 55 X X e M55 X

Potential Light Medium Heavy Very heavy
U IESS [X. Potential 2232.5 1647.9 922.3 0.0 0.0
RPENEES X Light 1915.3 1090.4 880.3 0.0 0.0
TR IfESS X Medium 72.0 236.1 688.3 316.5 58.4
a5 X Heavy 0.0 182.6 254.6 553.9 473.0
WENEFI X Very heavy 0.0 0.0 44.0 1195.7 488.6

3 e

A2 FR G R 55 M ELAT R P P TR RRAE, O LR — AN R e R S AR A i e B0 AR A
ARG SS B2 N TR A IS PR S AR I U R A IPAG 22 E B SS PEPE A b A R
Hh A A T 14 b ) R B 2228 TN 11 A 2 B R 28 5 R S T2 ORI LB v A R, (HL, N
X AR S R GRS R T AR R SO AR A IR ARSI AR S RGN S | s R
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