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Exploration of ecosystem risk management based on fuzzy cognitive map
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Abstract: There are the natures of instability and uncertainty in ecological risk management. Each stakeholder’s cognition
plays a crucial role in it. For this reason the coal-mining environment managers need to choose appropriate measures to take
stakeholders” interests in account in ecosystem management. But the crucial problems to be solved are how to get and adjust
different stakeholders” perspectives on ecological risk and environmental management and how to quantify their
perspectives and coordinate their conflicts. This research paper focused on coal-mining ecosystem explored the application
of fuzzy cognitive map ( FCM) on getting stakeholders” perspectives and graph theory indices on quantifying them and
simulated the different ecological risk management policy options using FCM-based artificial neural network ( ANN) . The
Fuzzy Cognitive Mapping was applied to develop a participatory environmental management model for the typical coal-mining
area in Yangquan. The ANN was used to conduct simulations combining the initial state of variables and the adjacency
matrix getting from the social condensed map The results showed that different stakeholders” cognition were distinctly
different managers emphasized national policy and economic interests brought by coal-mining activity while engineers
stressed living standard more whereas mine workers and local residents paid more attention to the work”s safety and their
health condition. But it is noteworthy that ‘air pollution’ and ‘water damage’ were the variables which were mentioned by

almost all of them. Tt revealed the severity of ‘air pollution’ and ‘water damage’ . The most central variables in the social
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condensed map were ‘national policy’ and ‘health’ as well as in the four stakeholder groups. The simulations of policy
option reflected that when local governments and enterprises make management decisions in coal-mining ecosystem they
should place an emphasis on protecting farmland increasing vegetation coverage improving energy efficiency and recycling
waste so as to decrease air pollution protect water environment and reduce resources waste. It is helpful for learning how
different choices affect the coal-mining ecosystem. The results revealed that FCM analysis and ANN simulations could
provide useful information for the development of environmental management planning. FCM analysis could help us to
understand the varying attitudes among stakeholder groups as they considered environmental issues affecting the ecosystem.
In addition the policy option simulations based on ANN can help the coal-mining environmental managers to choose proper
measures to achieve management goals so as to lay the foundation of ecological environment management mechanism that
can harmonize the development of resource environment and population. Throughout the full text the FCM method has the
advantages: ( 1) Comparing with the traditional questionnaires semi-structured interview respects more individual”s
perception and leaves more space to interviewees. ( 2) Comparing with the traditional evaluating factor system the FCM
method can get a more accurate causal relationship among each factor. ( 3) Getting knowledge easily combining qualitative
analysis and quantitative calculation and expressing cognition and inference well. ( 4) Getting multi-stakeholders” FCMs
and comparing their different perceptions is more convenient. Moreover this paper expanded the environment management

research methods and provided some new ideas and approaches with regional ecological risk management theoretically.

Key Words: ecological risk management; stakeholders; fuzzy cognitive map; policy option simulation; coal-

mining ecosystem
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Table 2 Most mentioned variables
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All stakeholders Managers Engineers Residents
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Mine workers
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Fig.3 Social condensed map
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Table 3 The most central variables in the social condensed map
The ber of
Variables . © mum fbr 0 Outdegree Indegree Centrality
times mentioned
National policy 52 6.74 1.84 8.58
Health 52 3.04 5.53 8.57
Utilization of by-products 24 2.87 5.04 7.91
Air pollution 63 4.49 3.22 7.71
Expansion of related industries 18 5.23 2.25 7.48
Enterprise countermeasures 47 5.83 1.6 7.43
Living standard 49 3.88 4.4 7.28
Water damage 51 3.63 3.58 7.21
7.0
32 ANN A( )
ANN
3.21
w N o
1 19x1 3.2.2
I 1
MATLAB( Matrix Laboratory) 0 w
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Table 4 The initial steady state and simulation steady states for different policy options
. . . Improving utilization of by—
Decreasing air pollution
products
Variables ..
Initial steady state
Steady state Difference Steady state Difference
Air pollution 0.2049 0.0020 0.2029 0.2015 0.0034
Noise pollution 0.3446 0.3417 0.0030 0.3445 0.0001
Geological disaster 0.6147 0.6088 0.0059 0.6177 -0.0030
Public revenue 0.9804 0.9814 -0.001 0.9819 -0.0015
Health 0.7184 0.7401 -0.0217 0.7189 -0.0005
Safety 0.7055 0.7065 -0.0010 0.7058 -0.0003
Happiness 0.3850 0.3888 -0.0038 0.3840 0.0010
National policy 0.9722 0.9746 -0.0024 0.9743 -0.0021
Enterprise countermeasures 0.8413 0.8618 -0.0205 0.8618 -0.0205
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Decreasing air pollution

Improving utilization of by—

products
Variables .
Initial steady state
Steady state Difference Steady state Difference
Public participation 0.6695 0.6695 0.0000 0.6701 -0.0006
Water damage 0.5855 0.5756 0.0099 0.5829 0.0026
. . 0.4591 0.4357 0.0234 0.4539 0.0052
Land damage and soil erosion
Biodiversity loss 0.7630 0.7282 0.0348 0.7731 -0.0101
Resource utilization 0.9397 0.9388 0.0009 0.9438 -0.0041
Expansion of related industries 0.9722 0.9692 0.0030 0.9737 -0.0015
Infrastructure construction 0.6324 0.6560 -0.0236 0.6243 -0.0081
Living standard 0.8788 0.8910 -0.0122 0.8795 -0.0007
Related policy 0.7806 0.7982 -0.0176 0.7884 -0.0078
Utilization of by-products 0.9117 0.9238 -0.0121 0.9876 -0.0759
4
4
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