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Vulnerability-based analysis of the spatial-temporal dynamic patterns of the
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Abstract; Vulnerability in human-sea territorial system is a research frontier in regional sustainable development. Studies
carries out in human-sea system are of significance to not only the enrichment of the theories of human-land territorial
system, but also marine sustainable development. Firstly, we analyzed the marine resources, marine science and
technology, marine infrastructure, and marine economic development process of the Bohai-rim region in China. The human-
sea territorial systems include three subsystems: the human-sea resources and environment subsystem, the human-sea
economic subsystem, and the human-sea society subsystem. Subsequently, we combined the methods of set pair analysis,
vulnerability assessment, and combination weight to obtain each index weight, taking the Bohai-rim region as an example to
analyze the evolution trends and major factors influencing the vulnerability of the human-sea territorial system from 1996 to
2012. On the whole, the results showed a declining trend of the vulnerability of human-sea territorial system of the Bohai-
rim region during the past 17 years. This shows that the vulnerability index of Shandong is smaller than that of the other

provinces ; the vulnerability index of Liaoning which belongs to the second tier declines the most; Hebei and Tianjin belong
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to the third tier, and their vulnerability indexes are relatively higher with the likelihood of a greater decline. Lastly, we
classified the vulnerability of human-sea territorial system of the Bohai-rim region from 1996 to 2012 by using the triangle
methodology. The results showed that the vulnerability of single subsystem was less than the vulnerabilities of balanced and
complex subsystems. This suggests that to reduce the vulnerability of human-sea territorial systems of the Bohai-rim region,
we should strengthen the co-ordination of land and sea to optimize the marine industrial structure, take measures to
strengthen the control of marine and environmental protection, develop science and technology and cultivate talents, at the
same time, to strengthen the construction of marine infrastructure. This paper presents some references for improving the
theory and method of the research on the vulnerability of coastal regional and human-sea territorial systems in different

regions under the consistent framework.

Key Words: Human-sea territorial system; vulnerability; set pair analysis; triangle methodology; Bohai-rim region
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Table 1 Marine recourse of the Bohai-rim region in 2012

o N~
i S A R A
2K Coastline length/km 153.3 686 2922.4 3121 6882.7 18800
HEPHLL EIAMIHEE Above intermediate berth/ /> 1 6 21 24 52 164
BT L Islands area/km? 1.6 8.4 191.5 136 337.5 7186.3
T A GRS X Marine A tourist attraction/4b 58 198 163 388 807 1664
TTELE Y YE IR Marine biomass resources/x 10t 3 63 372 685 1123 3033.3
ML it Sea salt production/x 10*t 169.9 334.7 117.4 2219.1 2841.1 2086.4
A7 4 Oil production/ x 10*t 2680.3 237.8 14.3 275 3207.4 4444.8
KR Natural gas production/x 10%m? 246705 55570 1580 12521 316376 1228200
i % Hi i Wind power generation/ X 10*kW 27.8 22.1 142.9 534.1 726.9 4352.9
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Table 2 Marine economic development in the Bohai-rim region

i S T S UL
TR T S b 2 L % 1996 3.9 1.9 18.6 7.3 31.7
Total ocean economy accounts for the whole country 2004 6.5 1.9 13.2 6.4 28
2012 7.9 3.2 17.9 6.8 35.8
TR A b IX. GDP L/ % 1996 10.1 1.6 8.9 6.6 6.6
Total ocean economy accounts for the region’s GDP 2004 35.9 3.3 12.9 13.6 12.3
2012 30.6 6.1 17.9 13.7 15.7
Vi LA ST At I 2%
ﬁiﬁ;ﬁffﬁfﬁ ocean economy 1996—2012 26.6 29.7 19.1 19.9 21.2
HIX GDP R K/ % 1996—2012 16.6 13.7 14.4 13.9 14.3

Average annual growth rate of regional GDP
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Table 3 Indicator system and weight of vulnerability of human-sea territorial system

FUE Weighting
HEN Iz i
P A L S & LR T il frk
Target layer Henon Code  Index layer Index meaning nlml?y AHP Synthesis
layer evaluation

method method

INGSES Rz N4 Ey WA/ A0 SRS — ol & R (f) 0.018 0.030 0.027
EY ) e stk £ E, MRS E /AT PR Al R SRR £7) 0.084 0.057 0.064
Vulnerability of human- Ey  HE=EACT JBEERESR =7l & BRI (671) 0.040 0.067 0.061
sea territorial system E, WL REL GDP HE/% WX GDP I BTHREE (1) 0.059 0.084 0.078
Es BRGEESFEE/(10T/kn) MG REZR B R BIRI () 0.043 0.094 0.081

NEREASE R, IR/ J7 M IR AR (£1) 0.035 0.067 0.059

5 R R, WTERIHERE RIEARDOIE (1) 0.060 0.053 0.055

Ry A\BBAHBIBHEBY (m>/ N) T ML AR R (7)) 0.049 0.041 0.043

Ry AWM XA (m>/ N) WA SRR SL () 0.082 0.033 0.044

R, %&?ﬁi{{@f&ﬁTﬂ1¢%%ﬁFﬁk% /I U 2 U A R BE A A 0.034 0.026 0.028

(v1L78) (1IE)
R ?{:‘%%ﬂmxiﬁfu GDP A B K L/ (v B S T T 28 3 40 ok 36 58 1R A 0014 0.020 0.019
JiTt) (1E)

Ry TSI H IR 0 SIS (51) 0.062 0.021 0.030

Ry MR EBLR/LTT SR ¢ R (1E ) 0.047 0.073 0.067

NGRS Sy Wil B TTA iiﬁﬂﬂ%)?i% LAY A B R 0.058 0.082 0.076

JfE s S S, WO T S AR T () 0.061 0.039 0.045

Sy MFERHEESHA LA SRR AA R IRAR L ( £2) 0.074 0.076 0.077

Sy MFHRLEE L I RMEEEERHE R () 0.063 0.033 0.040

S5 IR G /A ?ﬁﬁm&m%gm&%ﬁﬁ* T ooms oo 0.031

Sg  VRIEHR AL S EE RO R KA S BOKT () 0.071 0.076 0.075
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Table 4 Results of vulnerability of human-sea territorial system in the Bohai-rim region

44y Year Kt L[4 L7 7R ) Year R e Ly TP
1996 0.661 0.859 0.583 0.349 2005 0.371 0.766 0.294 0.206
1997 0.649 0.851 0.561 0.365 2006 0.417 0.587 0.307 0.183
1998 0.664 0.858 0.546 0.362 2007 0.413 0.566 0.245 0.152
1999 0.666 0.858 0.546 0.329 2008 0.433 0.541 0.217 0.136
2000 0.648 0.821 0.509 0.311 2009 0.427 0.640 0.163 0.132
2001 0.591 0.870 0.522 0.341 2010 0.417 0.587 0.151 0.110
2002 0.543 0.849 0.465 0.231 2011 0.347 0.494 0.129 0.100
2003 0.450 0.785 0.371 0.234 2012 0.351 0.457 0.123 0.091
2004 0.407 0.751 0.347 0.223

M 4 TS ) 1996—2012 4F PR i IX N i 5C R Hb sl R Sl 55 MEFR Uk I H XKk 22 55, 4%
i DX M55 PR BOREAR 34 2T B, R R B AR IO2 LT 0.48 3Tk 0.402 K ¥HE 0.319 1L 7R 0.264,
1996—2000 4F- , 33— ¥ Bt T b R R AL 1) B 553 1 i B5ORR G B R, 30077 AR LU R 1% i 553 2 8 5 00 s 300 /0 it T e
2000—2012 4, 53X — B Be 45 b DX e 553 14 45 5008 1 22 5 B B, 2004—2005 4, 2008—2009 4TIk 24 119 fif 55 14
BB PR R T, 2001—2004 4, 2005—2008 4, 2009—2012 4F i 55 74 18 e T B B, 2000—2005
SRR M55 PR EGE 22 T B, 2005—2006 41 3 I T, 2006—2010 41 i 55 1 48 BN AR X2 e ,2010—2011
AR 55 PR EOCEH B R R L 2001—2012 4530 7 FTLLAR A9 e 559 1 i B8 Ak TR 22 T R B B, 107 T B B
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321 ANBEFTFRGET
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4.1 =MEET

E = A BRI X 1996—2012 A FR UMb X\ DG 58 4 1 3 4 3 — 25 st 11 e 37 43 2600 52, E ) J2:
K153 A i b DN T O 28 MU0 2R 0 00 W 583 PR 28 RO B & s Gt 1 34, 28 TR 2 b 418 13 AT 459 282 i J Xof
W VTR XN S 2R e 28 0 i 555 48 21 VT (vulnerability of human-sea territorial system ) J& H A 55 Y 3R
BT RAGMe5TEFE S VR (vulnerability of human-sea resource and environment subsystem ) | AJEE£8 3% 1 28 G e 55
P48%4 VE (vulnerability of human-sea economic subsystem ) FII AL 27 RS M55 1EF8 %40 VS (vulnerability of
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Table 5 Vulnerability types of human-sea territorial system in the Bohai-rim region from 1996 to 2012

44y Year Kt [ L7 TN 40 Year Kt e Ly AR
1996 RES RES ES ES 2005 RS RES RES RES
1997 RES RES RES ES 2006 RS RS RES RES
1998 RES RES RES ES 2007 RS RES RES RS
1999 RES RES RES ES 2008 RS RS RES RS
2000 RES RES RES ES 2009 RS RES RES RS
2001 RES RES RES RES 2010 RS RES RES R
2002 RES RES RES RES 2011 RS RES RES
2003 RS RES RES RES 2012 RS RES RES R
2004 RS RES RES RES

MR 5 AT LATE A th 1996—2012 4F PR ih i i XN i OC 3R Hb Il R 40 Mg 55 M 2 B S Rk St ¥, A |
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