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Mine Closure and Environmental Management Plans 
are often one and sometimes two-dimensional static 
constructs.  They are designed to comply with 
regulations governing the rehabilitation of the physical 
environment.  They seldom adequately address the 
socio-economic devastation that impacts 
mining-dependent communities on mine closure.

A different approach is needed whereby mine closure 
plans address the geographic and demographic 
impacts and respond dynamically to changing 
economic, social, political and environmental factors.

This is encapsulated in Complex Transformative and 
Adaptive Systems Modelling. 
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The first problem: The Life of Mine is elastic and responds to 
constantly changing economic variables
The chronology of mine development, 
contraction in production and ultimate 
closure is a function of:  
• Revenues contingent on commodity 

prices and exchange rates;
• the concomitant quantum and cost of 

fixed and variable costs;
• The dynamic  linear changes in the 

direct costs of intermediate inputs and 
the non-linear elasticity of fixed costs; 
and

• the impact of these variable costs and 
revenues on the quantum of 
economically mineable reserves and 
hence the life of mine the life of mine 
which is in turn a function of these 
variable levels of production. 

Steady State Production Contraction towards closure

Projected C
losure

Inflection Point
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Closure

Closure

Year 
1

Year 
3

Year 
3

Year 
10

Year 
7

Juxtaposed complexity…. multiple mines closing at different 
times affecting multiple communities in many different ways…..
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The only way to understand these impacts is detailed mapping of 
Mapping Economic Flows

Mining 
Company

Local Mine 
Community

Remote 
Impacted
Community
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Mapping of Economic Flows

Intermediate Inputs

Rents

Mining 
Company
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…. using this 
methodology describes 
the transactional 
pathways but ignores 
other critical impacts

Other interdependent 
pathways and their 
dynamic linkages need 
to be interrogated and 
understood, and these 
relationships provide for a 
highly complex, dynamic 
structure
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The mapping of logical 
functional and economic 
forward and backward 
linkages between these 
nodes describes an 
socio-industrial ecology 
which is the basis of the 
dynamic economic model…. 

Any change of state (eg 
depletion of geological 
resources) or shock to the 
system (collapsing 
commodity prices) will create 
concomitant forward impacts 
and feedback loops on all 
the other nodes in the system 
contingent on the way in  
which these relationships 
which are empirically defined 
and described by algorithms.

Forward and 
Backward Linkages

Feedback Loops

Socio-industrial ecology

 
Primary Economic 

Drivers
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This allows a progressive logical 
expansion of the nodes and 
their dynamic functional and 
economic relationships can be 
described in forward and 
backward relationships, 
feedback loops and 
chronology result in a highly 
Complex Adaptive Systems 
Model…

These dynamic relationships 
are described by Complex 
Transformative and 
Adaptive Systems Models
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Anglo American 12

The elements of these pathways can be 
unpacked in two dimensions but their 
relationships cannot easily be mapped or 
described.
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Anglo American 13

The expansion of the 
two-dimensional model into 
three dimensional nodes allows 
for the multidimensional 
mapping of complex linkages.  

These multidimensional linkages 
of these nodes constitute the basis 
of the Complex Transformative 
and Adaptive Systems Model. 
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Temporal geographic, 
demographic and 
cross sectoral impacts 
are quantified and qualified
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In summary….

• Mine closure plans need to be dynamic and to adapt to changing 
economic and environmental factors;

• The focus should not be on the physical rehabilitation as specified in 
most authorized EMPRs and Mine Closure Plans but on the 
contribution that these operations can make towards alternative 
economies and post-mining economies;

• Regulations need to adapt to be more flexible with regard to 
dynamically changing environmental management plans and mine 
closure plans; and 

• Complex, transformative and adaptive systems models provide a 
tool whereby mining companies, governments and mining 
impacted communities can better understand the chronology, 
nature and extent of progressive programmes of mine closure.

We need a step 
change in the 
way we 
understand and 
plan for the 
complexities of 
mine closure….
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Anglo American 16

Thank 
You
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