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ABSTRACT

STUDY ON ECOLOGICAL SECURITY ASSESSMENT OF
YAOSHA-LENGJIASHA SEA AREA

ABSTRACT

Marine ecological security is an important part of national security. Along with the
urbanization and industrialization of coastal areas, the ecological security of coastal zones
has been seriously threatened. Large-scale port development and construction have caused
many Marine ecological problems, aggravated the contradiction and conflict of port
resources utilization, and restricted the sustainable development of regional ecological
environment and economy. At present, a coastal industrial park has been established around
Yaosha-Lengjiasha sea area of Nantong port,which is frequently disturbed by human
activities and has a tendency of continuous degradation of ecosystem functions. Therefore,
through the study of ecological security evaluation theory and methods, the ecological
security status of the sea area is evaluated, the changes of ecological security are predicted,
the main influencing factors are explored and ecological protection measures are put
forward, so as to provide theoretical guidance and suggestions for the decision makers of
regional Marine environment management.

This paper takes Yaosha-Lengjiasha sea area as the research object, introduces PSR
(Pressure-state-Response) evaluation model, and constructs an index system based on
Pressure, State and Response system. Ahp and entropy weight methods are used to
determine the index weight. The ecological security index and ecological security level of
Yaosha-Lengjiasha sea area from 2011 to 2019 were obtained by comprehensive evaluation
method. GM (1,1) model prediction and grey correlation degree method are used to predict
the trend of ecological security in the sea area in the next ten years. The driving factors of
the three subsystems are explored by using grey correlation degree method. The main
research contents and conclusions of this paper are as follows:

1. Study on ecological environment changes in Yaosha-Lengjiasha Sea area, and the
monitoring results show that the ecosystem functions in this sea area have a trend of
continuous degradation from 2011 to 2018. The water quality in 2011 was better than that
in 2018, and inorganic nitrogen and active phosphate exceeded the standard obviously. The
biodiversity index of the sea area is poor. The decline in Marine species; The average

biomass decreased significantly.The analysis shows that the decline of ecological
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environment quality is related to the construction of port such as land reclamation and the
exploitation and utilization of Marine resources.

2. Based on THE PSR model, 20 evaluation indexes were selected to comprehensively
evaluate the ecological security status of Yaosha-Lengjiasha sea area.

From the perspective of ecological security levels, the ecological security level has
been downgraded from 2011 to 2019, and dropped from "safe" to "early warning" in 2013.
This trend is related to the large-scale port development and construction since 2013.

From the perspective of ecological security indexes, the state system has the greatest
impact on ecological security, while the response system has the least. The status of
ecological security decreased firstly and then increased slowly with the change of time. The
ecological security index was the highest in 2011 (0.602) and the lowest in 2015 (15.46%
lower than that in 2011).

3. The ecological security prediction results shows that the ecological security of
Yaosha-Lengjiasha sea area shows a growing trend from 2020 to 2030, and reach the "safe"
state in 2030. The ecological security gradually improved from 2020 to 2025, but it was
still in the "early warning" state from 2020 to 2022. The ecological security index exceeded
0.6 in 2024, reaching the "good" state. However, the growth rate slows down in 2024, and
the ecological security increased the fastest from 2026 to 2028, reaching 27.6%.

The results of correlation degree calculation show that the factors with the highest
correlation degree of pressure system, state system and response system are D3(discharge
of industrial wastewater), D8 (mean value of tidal flat deposition) and D17 (proportion of
tertiary industry in GDP) respectively. Under the influence of pressure system, The
ecological security of Yaosha-Lengjiasha sea area can be improved by strengthening
environmental management of port construction, strengthening protection of ecologically
sensitive areas and adjusting Marine industrial structure.

4. Research on ecological protection measures and port development proposals.
According to the results of ecological security evaluation and forecast analysis in
Yaosha-Lengjiasha sea area, by alleviating economic, environmental and human pressures,
improving the quality of the marine ecological environment, improving the ecological
security level, expanding social and economic response, and continuously optimizing the
reclamation projects and improving Environmental protection measures in the port area to

achieve sustainable development of port construction and ecological environment.
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Tab. 2-1 Evaluation range four to coordinate

FF5 Bl R
A 121° 24' 55.404" 32°22' 24.804"
B 121° 45'46.351" 32°22' 24.804"
C 121° 45' 46.351" 32° 04' 57.959"

D 121°25'32.713" 32°06'47.691"
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Fig. 2-6 Phased implementation of reclamation in Tongzhou Bay Operation area
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Tab. 3-1 Investigation of ecological environment in Yaosha-Lengjiasha sea area
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Fig. 3-1 Overlapping map of ecological environment survey and monitoring stations in

Yaosha-Lengjiasha sea area in three periods
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Tab. 3-2 Monitoring station sites

FFs ZE GE B AR
1 121°26'23.07 " 32024'8.27 " K
2 121°28'54.41 " 32°24'11.84 " KEL VIR, AP, S S
3 121°31'58.68 " 32°24'14.88 " K
4 121°36'8.56 " 32°24'15.79 " KB DURRYD. B R S Sl
5 121°39'33.89 " 32°24'16.51 " K
6 121°43'15.17 " 32°24'17.10 " KB DURRYD. B R A Sl
7 121°26'34.60 " 32°20'36.63 " KB DURRYD. B R S Sl
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121°36'12.51 "
121°39'37.28 "
121°43'32.43 "
121°29'13.70 "
121°31'56.66 "
121°36'3.86 "
121°39'46.63 "
121°43'13.77"
121°45'18.81 "
121°29'13.68 "
121°31'56.81 "
121°36'4.86 "
121°39'53.18
121°42'46.35 "
121°45'13.06 "
121°29'13.79 "
121°31'43.08 "
121°33'5.25"
121°369.16 "
121°39'46.22 "
121°43'54.84 "
121°25'12.28 "
121°28'44.47 "
121°32'31.66 "
121°36'31.28
121°39'39.01 "

32°20'39.60 "
32°20'38.76 "
32°20'45.48 "
32°20'48.69 "
32°20'54.42 "
32°17'41.09 "
32°17'47.93 "
32°17'48.68 "
32°17'53.91"
32°17'52.40 "
32°17'52.64 "
32°15'35.75 "
32°15'33.30 "
32°15'45.69 "
32°15'41.37"
32°15'50.76 "
32°15'59.68 "
32°14'32.14 "
32°14'34.19 "
32°14'33.56 "
32°1422.05 "
32°1426.11"
32°1423.30 "
32°12'45.26 "
32°12'47.87"
32°12'37.79 "
32°12'43.81 "
32°12'36.67 "
32°12'42.55 "
32°11'45.60 "
32°10'43.90 "
32°1021.62 "
32°10'17.94 "
32°10'17.80 "

KB

IKJF

IKJF

KI5
KB

KT
KB
IKJF

KB

KB
KB
K <

KB

K <

K
KIS
K
K
KIS

PIRGALY/N

TR

TR

IRALYIN
MIRALY/N

IRALYIN

MIRALY/N

TR

TR

TR

TR

IRALYIN

TR

KI5
AP E. ARSI
K
AP E. ARSI
K
K
AP E. ARSI
K
YR, A
AP E. ARSI
KI5
YR, A
AP E. ARSI
AP E. ARSI
K
AP E. ARSI
K
K
AP E. ARSI
AP E. ARSI
YR, A
KI5
AP E. ARSI
KL
K I

KB BV R, il

IRALYIN

TR
IRALYIN
TR
TR
IRALYIN

YR, A
K I

AP E. ARSI
YR, A
AP E. ARSI
AP E. ARSI
YR, A
K I
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42
43
44
45
46
47
48
49

121°42'26.66 " 32°10'5.14 " KB DURRYD. B R S Sl
121°27'57.31 " 32°08'24.87 " K
121°3029.67 " 32°08'34.52 " K
121°32'18.80 " 32°08'14.48 " KB DURRY. B R AR Sl
121°32'47.64 " 32°08'55.79 " KB DURRY. AEP R AR Sl
121°35'43.13 " 32°07'29.80 " KEL VIR, A g s S
121°39'48.45 " 32°08'13.54 " KB DURRY. B R AR Sl
121°39'40.65 " 32°06'30.46 " K

3.1.2 MM 5 5%
3.1.2.1 KR

(1) KK

LI R AR A7 Sia i S5 2R IR QA IRIEITE ) (GB 17378-2007).
CGEFEHERNNEY  (GB/T 12763-2007) SEAHRERIFAT . MRS IR EZR AT
T KRR ROK AR I EER , e GG SRR 0T 1) R /K 28 (AR IR 2K A HLBKE
M PR AK SR RAE) , FEdeid. KR EARHNRUS, JelBifKFEEIER, i
SIS, SR IZIT 3 2 KFE . EFREh. SR, MRS R G RIS
WA TR,  DACRES T

(2) WS

LI KA IR RV I IR )
12763-2007) MIER AT

AU A RS A SRR S R AR SR PR . AR A7 2K

P OKRD + FERKIERFE, KRR IR EIKR;

VEEREY) (IFE) « RABKINALR AV N B IR R R AT EE BN, 75 M
N 0.5m/s, HZMIN 0.5~0.8m/s;

TN (IFED SR FHTRIRLRTIUZ V3 A2 ) N WIS 28 35 2 3 T 3 DX SR
%N 0.5m/s, LN 0.5~0.8m/s;

JEAT LD IR A AR A CRFETIAR 0.025m?) HH TR, &K
R 4 IR EANENIRE S AERE B 5% 48 7K B PRI VR ] 58 TR AT J s 1] S8 =8 PR B (R
IR R ED W, THEL, S B, R R AR B AR YD 2 (mg/m?)
FRG 228 (AN Do M xR 522 AR VR IR 2 (a7 AR Y » F 58
1.5 KR G HE X (Agassis trawl)#E 4T #E 5, 234 1-2kn, HE B TE] A 10 4388,
SREE AN AW 58 PR

TR AT A AR Wi R s AR 3 NI o wil A i, R
HUFE 25cmx25ecm>30cm,  WIid HE A i 2 MIBEATLEURE 25cmx25em. /& H1y K3

(GB 17378-2007)  #EFFEAESMYE (GB/T
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F=E DA IR SIS A I S5 %) Lo

ANFIX o BA B 2+ 3+ 2 NG, FET HIELLFLAE Tmm? R0 7 HH 3L i A4,
HAE S BURE R BB e bR AR o B i 5% /R B PRI R 7 LR AT I i [ 2 6
EME AR E) | WIS E, SRR AR 1) AR ) (g/m?)
TG L2 BE (AN /m?) .

3.1.2.2 FE s AR AT

(1) KK

MR GREFEIRIENTE 28 4 355 WK HT)  (GB 17378.4-2007) L7 R4E
(KRR S TIA B AN LR AT T 15

(2) WS

VRUAED: HERRE SRR AR (500mL) , IR OIS AR
AR 5%) 5 IKEERE SRR JG B KA 6~8mL MR [ 52 , i [B] S48
BETEIINT FHESIY: FERCREESEEENFRAINE (500mL) , I FEEEWR O
NENFEMAER 5%) » FRETHE —BRE, K42 100mL FiaARH, 7
[ S 5G 28 %58 AT o W IADHS A 2R 4. A D 5% FF I ] 58 ORAT, iy [l SEOG =5
SENHTe JRAAEDD: FEEL 5% FF I ] 2 OR AT, 7 [R] S 56 % % 78 70 iT o

3.1.2.3 SEER = AT

(D AR

KIREZRII S RE e QREEERERNG 26 2 350 WK SOW
(GB/T 12763.2-2007) (ARG 25 4 37 WAL FE M) (GB/T
12763.4-2007) A1 CHEPENSIBYE 26 4 3043 K0T (GB 17378.4-2007)
ARG pH tH% BAMPIOCEE . SR TGRS M 7715

(2) AR

SR QIG5 7 365y s S EEMAEY Y (GB
17378.7-2007) HALSE M 750 4 K ay YD s AR A AE AT
GrHT .

3.1.2.4 VM £

PEM AR aLFE KK AR UEY (GB 3097-1997) . (PRI &) (GB
18668-2002) . (HFVEAEYIFRE) (GB 18421-2001) .  (&=[H iR AR R
VRERG TR AT AR ) o CF IR BT PR R A R AR AR ) G40
G R R IR I SE) - (HY 442-2008)

(1) KK

SRR R &b, 456 (ILOrAREED R X R (2011—2020
) ) BINREXPAT K BUARAE, RS E0EIEAT I EVF .
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(2) AR

WERBEE (YO  MREEE (D HYREEHRQ). SREEREOTESK
PR A S O

3.2 @7kIK R

1y
oo

AELER T

(1) KK

MEERSRFEL 4

% 3-3 B9 EIVIBIEUEKKEIAELER

Tab. 3-3 Comparison of Marine water quality survey results of Yaosha-Lengjiasha sea area

2011.10 2013.09 2018.10
1 0 35
PIME E3 FIE 3 PIME g3
pH 8.12 —k 8.09 —k 8.01 —
=) mg/L 90.5 / / / 33.48 /
L HAE  mgl 0.99 —% 1.29 e 074 s
Nyl mg/L 8.67 —k 6.67 —K 6.41 —k
N s —‘3@\ :7"?\ —‘%\ :7"7’3\ —‘jqx :%\
IR 2k mg/L 0.023 B ) 0.003 o 0.047 ‘
=t SNIIES =K e SNIIE S
. . —‘3@\ :7"7’3\ —‘jtx :3@\
THLA mg/L 0.138 —F., ZE 0194 - ‘ 021 ‘
e SNIIE S e SNIIE S
K B mg/L 0.003 —% / / 0.001 —k
VERES mg/L 0.0263 —2k 0.0078 —K 0.0073 —2k
] mg/L 0.0021 —K 0.0021 —k 0.0022 —k
, X 41X ‘
G mg/L 15X 104 —2, =% 3.2X104 —2k ) —2%
10-
B mg/L <0.0031 i 0.016 —k 0.008 ok
3 0.71X ) 0.82X \
i mg/L  <0.00001 —K S —k
10 10




F=E DA IR SIS A I S5 %) Lo

e mg/L  9.83X10* —% / / ND R
, . 2.8X ; ;
XK mg/L  <0.000018 —2k 3.2X10° —2k .k K
10-
0.24 X 1.72X
i mg/L  1.13X103 —K —k R
103 103

FEEVD -5 DU K R oB TE ML ANE M R S A W ., U R A
G R, VIR EIEARRT G AR . SR F AR XSRS 2
NTEMLE AN R £

2011 4F 10 H /KB B yEAn &5 5 an F -

(1) BRI A ) pHy 2hE . S0FY). i |E . WA
HIREL A WA E& . AmMZE. HERMEm . Sk #. 8. 8. B, 8.
P B & ISR bR . 20 NSO A 2 ASulhi A7 F3E TR £ AR,
R AL 16.7%~23.3% [8], (HIZIFFE = FOKBIRE.

(2) VEHIH: AAMEIE W) pH. 2R, BIFY. (LA E. A
THERER A WAHMRER A & & AZE. ¥R . Sk #. . 8. BE. .
R B & ISR bR . 20 NSO 8 ANl A7 3E TR £ AR,
FBFRZEAE 3.3%~23.3% 2 [0], {HIFFE =K AR

2013 4 9 H/KF M IPEAN 45 a0 R S vl A KR pHL 4. 4.
By g, . SRIGFF AR —hnilE . IEIRERT A — AR FARER &
78.33%, FF A —ISHFK K AR 7 20.00%, 77 A =2 KK FARAER) 15 1.67%.
W FAERFE — R AKTFRAE R & 98.33%, FF A = FRMG /K KT bR v 1
1.67%. TCHLEST A —FREAKBIRAER 5 63.33%, 76 I KK BARER 5
15.00%, £ & =28 KK FARME R 5 16.67%, 756 DU SSHE KK BFARE K] 5 1.67%,
ik DY g AR OK RS 1R 15 3.33% o 3 M Tl R R F & — 2R K K T AR HE 1
96.67%, 5 " ISIFAIKRFRUER] b 3.33%. A1 HZRFF & — 2K K BFARHE R 5
96.67%, & =2 AKKFRFRAERT 5 3.33%. T E#Ar K B R THA. 5t
BREREL . A, AN Tk 7 ik 2% 75 S8 R R R S A

2018 4F 10 H /KBS PPN &5 R an . BRIk B 1) pH {E . th % RA
A, FERT. Wk, 8. . B . BB BEERFS (EAKOKE
FriE)  (GB3097-1997) A —FKBIbRAE R « Wi AT & — I 7KOK BUAR 1
1915 95.17%, 56 —FRFARK AR HER] &7 4.83%. REGE—FIGKKTFRAER
15 90.32%, fF& ZMEKKTRPRAERT (5 9.68%. MRS B AR H, A
AB—FIKT; 62 ANFE S A 4 MR T DU SRIEKOK BT bR, 24 AN RFE VYK
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IKAKJTRRUE, 34 AN H DUSRIEAOK FiAniE . WA S EHFR™E, 62 MEMF
1AM FT G — R AOKBARAE, 4 DNFEM RS Z2RIgAOKBIbRAE, 12 AR
R =2 AR TARE, 12 AR & DU AR bR IE, 33 /MR H PO 2
W 7KK BT ARAE o

MR PEN S BT LA 1 (£ 3-3) , 8BNS, LSRR KK
FURENT TRESCH G . 2011 4F, S IR 7K o R0 40 el PR 7 Re A & 28
WEZKA T AR HE DL b, I PEBERR Sh AT & = AOK BARHELL b 2011 FLLE,
DU K Hh DR 40 e U DR AT RE AT — 2R SR AR B A v DA b, (H2 35 1%
IR Eh A AL ZURIAR LR R

TR K TR PR B 2R BN O RS R & - V5 Y mT RE Sk H s 1 Tk
AR PRI TN H AR TS /K S R RS R W E it T 5 $ 30 7 AR IR IR UTRR ) »
Jit AR X 37 Uit A0 e = PR 52 M0 7K A o G 0 BRI BT, BN T KA R
FE o SERE I SHE . WA G, SOMEEIR RIE b S TARRE I, i AT
WE PRV WRIASEAE MV 72 v] RE P B B VF P Vb 4 B AR K5 = AR 52 o VA it T
R, FZRMENE . 2SRRI RIRD &S, 1 HARR RN, W
VA 7K HR B VD AR 23 ER A SRR RV, 35 G M) o ] R T U
3.3 S A ML RS RIS

(1) MztEa

2011 4E 10 H, MEMHHSRAS IR 42K a S BRI TERTE 0.29-3.51pug/L, T
PME N 1.02pg/L: 2018 4F 10 1, W G380 &5 wli A 4 3R a & B ARG JE A2
0.83-4.16pg/L, “FHME N 2.22ug/L. ITJ\EER, MEEE a & 24803 F i X [a Al
TERFHEZRRGE M. ZREKEEFRMHNRE, TR aKER
0~2mg/m3 B Ab T FUE FRIRES, M4 E a W 2~5mg/m? I &b T-H g 7R Bt
EERGENAF. Ft, - FDEESATEER a SEIENEARTAS
RGAE R 7 AT

(2) APk

I = U A A R W I 4 SR LT, 2011 4 R 1R AR AE P 4
TRPR BRI R LU ISR, i b X AR PR AT L MK IRAE . A B SRR
2013 4EF1 2018 AEAHLL, HEFEAEY I EDIROU 07 4%, (BT 2013 4 REM 2
FEFEFIGAT, 2018 A RAERERKLIR, BT AR A A 23R 5 A7 3 e DA
FAEXRTHFPER S PR - AE R R AR 5255, B2 m 2R & R
Mes R

(3) TFIFEDY)

TR ) AR 25 8 B AR A Y T RSP BRI B 38 R s B 2R A E AR 35 A
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F=E DA IR SIS A I S5 %) Lo

XPRFRE ;s WFEE 2011 4F 10 A A1 2018 5 10 H FIBEERHEE AT A1, ZAEEIRECT
BIME 0 2.58 F12.63, 5151 BEFRECT B 53 10N 0.62 F110.63, =F & FEHE4CT
BIME N 1.27 #1 0.87, FREFHMESMARE, AR MERE. FiHE
VIR G R LT, AR A B AP I E R s, SRR 51
TRECEIEN N, F 5 FERECP A K, A IR Y S BOR R VR 454
H B A

(4) TFIEEDY)

XTLE 2011 4F 10 FJ A1 2018 4 10 H IHFEFAAEE T A, 1 B 2 AR 4EE0T1
B8 2.16 A1 2.54, WS EARECFME S 2108 0.80 A1 0.62, & TR E-F
B8 1.32 F11.99; [T R Z PR - S5ME 70 1.88 #12.99, M5 EHEEL
SFEME S 0.55 71 0.68, £ & JEFRECFME 73 7y 1.12 A1 1.87. FHEHRAERR
WA RZE, EEBVESERE .. IR R8I0, 5 EE M4
AR, HEZREMEREL. 35 M5 AT Y N B e B . 13
VIR RIE R AR E, SRR IR E RIS EE HEEMZ R
PR EE A PR, EERAFBUA K,

(5) JRAZP)

2011 4F 10 H JRAEAED T35 AL W) FE R 36 A /m?, P35 L) & 47g/m?;5 2013
9 HFIEYE RN 26.5 AN/m?, PR 10.461g/m?; 2018 4 10 A-F
BIEVIEE RN 134 Nm?, PIEDEN 3.5gm?. RS- 3 4 4% e Xa i,
HR VIR H B B PRI SR AR PR o> . AR ieb, 5 RE (A 1Y
Ko

(6) WET A=)

2011 4F 10 F PR 2% W i 2~ 3 AR % FE N 62.67 N /m?, “FHIEME N
38.57g/m?; 2013 5 9 H-FIEYEE N 55 N m?, ~FIAEDE N 26.009g/m?;
2018 4E 10 A F¥AEMH LN 111.41 ANm?, “FHIEYEN 153.00g/m2. 3@ F
LT AR A5 P B v e L AR ) B A E T ) SRARE T T PR ST
B, SBUAEDMEAR. EMEESEYE. B BV RS
WRESR . WA : VMBI & RPN AN AR s,
BEREMAR R, UAFPRA L.

(9) ¥y T

2011 4 10 F 25 A 1R R A 3 3L S e i vk 3 3 K38 17 Fp, Hih 2kl
56%; “FIITIREN 372.120kg/km?, “F¥BHE E N 33982 F/km?. 2013 4F 9
VR SR R B i e L S e Kk B 3 K28 20 Bl H #2505 60%; T3 ETIE
FN 599.155kg/km?, PR IH T N 42377 FE/km?. 2018 4E 10 H L% % 4 K%
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38 Fft, Forp 2515 63.16%; 3 BT N 949.35kg/km?, T35 BE IR % FEH 72306.33
JE/km?.

TAEGRTZYE BRI« A0Sk 55K TA B 5 R s g ek A= A5 A 5 1 14
RE 7. W6 00 H g W i AR A s B R AR AR Jil T3, it T A AR 28 s e B 48 B
WE R0 TR 5 PR A T 1T o B R MR 32 S PR E AE M 3R . AT a2 A
e T AR BOR K A 5 I AR ) S5 A B SR, el 8 A0 SRS A R 7
AEANRT AR (AR, AR T oK A A 32 520 () A A R /s o PRI IR 15
St TEEARME T2, 4 BN R AR Y AR BT, FE A A o St s (A1
LIPS =S Rt 1T N b S G TN B N = S ) B PR/ 8 1 P e 4
U ORI MERR B BT A, Fraf K =it B SR T AR, vl Re it — 20 S BUAESE.

R HH AT DA 1 R R TR S 1 A Y U AT A R s A D
YR, B EEIAEE O, DL R A T R R s R e S FE . X
LI AR AS PR EE P A M AN 1 3 R M 11 TR A St o T A 1A o o it T 25
W, R ARSI AT B, TR A S RS 028k 5T kA %o A B

3.4 AENGE

PR PG I A S PR W 25 AT AT 45 R B, BV - A KD il
2011~2018 FAB R AT Re AR IEH . S4EKRE 2011 FHEAKK BT 2018
T, KA RER 2 W DU BT AT e 45 6 — S8 Mg AR b v DA b, ER VPR 1
R RN TEHL BB AR I S ARG R o 15 JiR 32 Bk | T TP A = KR TN
H & A 15 V5 K R Y55 G, LA s Bl T 52 B 8l 77 A e PR TR A 8
Y.

IS 2 R R RO EE N T 3, BT MEMS S S EA
C R R R 2R AR AIE , AR Ak B o B S B A G AR, SR T- 35 AR Y B
WF RO TR AR R N . SIS E ) B RS E L P TRRE RN, DhRRIR
1 SIS A0S0 T IR M LR ¢, K ITFF Rl B YR AN
TR, FIHMERIEAT IR, XS RERIEINE 5 SRS E T .
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