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Table 2 Information entropy of sensitivity in human-sea economic system

A A A A, A As

1996 4 0.0787 0.0701 2001 4 0.0690 0.0616 2006 4 0.0646 0.0701

1997 4 0.0834 0.0711 2002 4 0.0706 0.0714 2007 4 0.0646 0.0734

1998 4 0.0824 0.0737 2003 4 0.0721 0.0746 2008 4 0.0630 0.0740

1999 4 0.0707 0.0762 2004 4 0.0580 0.0740 2009 4 0.0619 0.0727

2000 4 0.0823 0.0660 2005 4 0.0726 0.0701 a1t 0.9939 0.9987
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Table 3 Information entropy of coping ability in human-sea economic system
B, B; B; B, Bs Bs B; B By

1996 4 0.0262 0.0656 0.0553 0.0005 0.0647 0.0132 0.0236 0.0174 0.0129
1997 4 0.0313 0.0136 0.0733 0.0533 0.0765 0.0174 0.0485 0.0156 0.0114
1998 4 0.0324 0.0770 0.0747 0.0557 0.0602 0.0112 0.0407 0.0149 0.0107
1999 4 0.0281 0.0761 0.0839 0.0753 0.0813 0.0181 0.0420 0.0492 0.0297
2000 4 0.0367 0.0739 0.0804 0.0826 0.0800 0.0111 0.0298 0.0563 0.0353
2001 4 0.0395 0.0737 0.0785 0.0803 0.0813 0.0135 0.0236 0.0516 0.0369
2002 4 0.0467 0.0735 0.0724 0.0826 0.0812 0.0133 0.0334 0.0559 0.0392
2003 4 0.0524 0.0732 0.0685 0.0858 0.0634 0.0157 0.0432 0.0629 0.0568
2004 4 0.0743 0.0736 0.0685 0.0877 0.0663 0.1241 0.0291 0.0715 0.0671
2005 4 0.0794 0.0745 0.0663 0.0785 0.0679 0.1244 0.0388 0.0829 0.0748
2006 4 0.0968 0.0928 0.0663 0.0806 0.0708 0.1327 0.1394 0.0955 0.0895
2007 4 0.1057 0.0630 0.0750 0.0787 0.0695 0.0602 0.0800 0.1051 0.1156
2008 4 0.1140 0.0732 0.0743 0.0642 0.0616 0.0999 0.1085 0.1084 0.1200
2009 4 0.1187 0.0733 0.0568 0.0541 0.0700 0.0732 0.1017 0.1104 0.1256
& ik 0.8822 0.9770 0.9942 0.9600 0.9947 0.7280 0.7825 0.8975 0.8255
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Table 4 Index weights and utilities of sensitivity and

coping ability in human-sea economic system
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Bs 0.9947 0.0053 0.5557
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B 0.8255 0.1745 18.2082
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Fig.1 Sensitivity, coping ability, vulnerability in
human-sea resources environment system of Liaoning

coastal area from 1996 to 2009
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Table 5 Vulnerability grade of human-sea economic system in Liaoning coastal area from 1996 to 2009

Jif 55 7k £/ Jif 5557 e/ Jif 55 7k E74
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Vulnerability in Human-sea Economic System of Liaoning Coastal Area in China

LI Bo

(Study Center of Marine Economy and Sustainable Development, Liaoning Normal University, Dalian, Liaoning 116029, China)

Abstract: Vulnerability of human-sea system is a research frontier in regional sustainable development. Vulner-
ability analysis is not only an effective tool in the realms of global environmental change and sustainability sci-
ence, but also provides a new paradigm for the study of interaction mechanisms and processes of coupled hu-
man-land system. Studies carry out in human-sea system are of significance to not only the enrichment of the
theories of human-land system, but also marine sustainable development. Based on human-sea system theory,
combined with the theory of geography, economics and oceanography, the vulnerability framework to search
the vulnerability of human-sea economic system is the focus in sustainable development of global marine, key
process and dynamical mechanism. Vulnerability is considered as functional relationships between sensitivity
and coping ability, this article, by constructing a vulnerability assessment model of entropy theory and function
model, carries out a vulnerability research of the human-sea economic system in Liaoning regional area. Hu-
man-sea economic system studies the structure characteristics and rules of evolution in geographical space
within the scope of the marine industry, and it contains a combination of various factors in sea and land which
includes the regional, comprehensive, coordinated and sustainable features. It shows that: 1) the vulnerability
of Liaoning coastal area in human-sea economic system declined year by year from 1996 to 2009, and from
the strong vulnerability to weak one. 2) from the sensitive indexes, it showed a trend of “inverted U”. The junc-
tions of the "inverted U" happened in 1999, 2001, 2004, and in 2006. Since 2006, the proportion of ocean GDP
declined year by year. 3) from the coping ability indexes, it showed the steady grow. The added value of Ma-
rine industry increased year by year, offshore oil and gas industry development change by volatility, and ma-
rine fishing production get control in degree. In addition, the structure of Marine industry had some adjust-
ment, and sped up the development of new industry. In the development of marine industry, marine chemical
products production, shipbuilding and transportation are all important. So we can reduce the vulnerability of
human-sea economic system from these aspects. Human-sea system includes three subsystems that are hu-
man-sea resources environment subsystem, human-sea economic subsystem and human-sea society subsystem.
The coupling analysis of these three subsystems is also important. Then it obtains the vulnerability characteris-

tics and the countermeasures of sustainable development, and it is another research direction in the future.

Key words: human-sea economic system; vulnerability; function model method; entropy weight coefficient

method; Liaoning coastal area



