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Fig. 1 Structure and operation mode of marine eco-economic system
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Table 1 Evaluation index system of vulnerability and coordination of marine eco-economic system
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Table 2 Vulnerability degree grade classification of marine eco-economic system
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Table 3 Coordination degree grade classification of marine eco-economic system
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Table 4 Vulnerability of marine eco-economic system in Bohai Rim from 2006 to 2012

2006 2007 2008 2009 2010 2011 2012
0. 456 0. 450 0.411 0. 464 0. 455 0. 449 0.485
0.363 0.358 0.373 0. 349 0.322 0. 344 0.327
0.536 0. 547 0.517 0.472 0.500 0.512 0.481
0. 464 0. 457 0. 464 0. 420 0.529 0.468 0.536
0.463 0.462 0. 454 0.430 0.468 0. 443 0. 449
3 2006—2012

Fig.3 Vulnerability change trend of marine eco-economic in Bohai Rim from 2006 to 2012

4 2006—2012

Fig. 4 Spatial evolution of vulnerability of marine eco-economic in Bohai Rim from 2006 to 2012
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Table 5 Coordination degree of marine eco-economic system in Bohai Rim from 2006 to 2012
2006 2007 2008 2009 2010 2011 2012
0. 456 0. 450 0.411 0. 464 0. 455 0. 449 0. 485
0.363 0. 358 0.373 0. 349 0.322 0. 344 0.327
0.536 0. 547 0.517 0.472 0. 500 0.512 0.481
0. 464 0. 457 0. 464 0.42 0.529 0.468 0.536
0.463 0.462 0. 454 0.430 0.468 0. 443 0. 449
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Fig. 6 Change trend of coordination degree between
marine economic subsystem and marine social

subsystem in Bohai Rim from 2006 to 2012
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Fig. 7 Change trend of coordination degree between marine ecological subsystem and
marine social subsystem in Bohai Rim from 2006 to 2012
3.3
BP 2015—2024 ,
« 8. (D)
. (2)
10 a: (1)
) . (2) (
) ,
2015—2024 ,
2022 ; s
4

D



404

40

(2)

3

8 2015—2024
Fig. 8 Change trend of vulnerability (a) and coordination (b) of marine eco-economic system in

Bohai Rim from 2015 to 2024
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Temporal and spatial variation and dynamic simulation of vulnerability and coordination

of the marine ecological and economic system around the Bohai Sea area

FU Jie'”, SUN Caizhi'*, PENG Fei’

(1. College of Urban and Environmental Science, Liaoning Normal University, Dalian 116029, China;

2. Center for Studies of Marine Economy and Sustainable Development, Liaoning Normal University, Dalian 116029, China)

Abstract: The ultimate goal of studying marine ecological and economic systems’ vulnerability and co-
ordination is to help establish sustainable development of marine economies. Based on the above con-
notation, this paper first constructs an index system for marine economic systems,and then gives a
quantitative analysis to the marine ecological and economic system’s vulnerability,coordination, tem-
poral and spatial variation from the year 2006 to 2012, also gives a dynamic simulation to this area
from the year 2015 to 2024. The methods include fuzzy comprehensive evaluation, 3E coordination
function and BP artificial neural networks. The findings include: (1)from 2006 to 2012, the marine
ecological and economic system’s vulnerability declined slightly (from severe vulnerability to moder-
ate vulnerability) and significant spatial differentiation was found. (2)from 2006 to 2012, the marine
ecological and economic system’s coordination changed slightly, showing a situation of mild malad-
justment. To be specific,the vulnerability between the economic subsystem and ecological subsystem
continuously declined, while the vulnerabilities, both between the economic subsystem and social sub-
system and between the ecological subsystem and social subsystem,increased continuously. (3)for
the years from 2015 to 2024 ,the marine ecological and economic system’s vulnerability will not be so
optimistic,and be expected to maintain a moderate to severe situation,while the marine ecological and
economic system’s coordination will increase,showing an optimistic trend.

Key words: Bohai region; the marine ecological and economic system; vulnerability; coordination; BP

artificial neural network



