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USING SYSTEM DYNAMICS FOR SUSTAINABILITY MODELLING


	 The concept of sustainable development became part of governmental 
discussions, many authorities have sought to clarify the goal of sustainability and find 
a path toward the goal. System dynamics modeling of sustainability is an 
interdisciplinary approach to understand and simulate the interactions between the 
natural environment and human systems to promote sustainability.

	 System dynamics modeling was first used to address sustainability in the 
Limits to Growth models of the early 1970s. Since then system dynamics modeling 
has become more sophisticated and easier to use. Over the same period sustainability 
has become an influential paradigm for examining possible future scenarios. As a 
consequence this special issue is dedicated to highlighting works which examine 
sustainability through the lens of system dynamics.

	 In a computer-based model, each arrow and box have an associated equation 
that quantifies the relationship, such as how economic growth affects resource 
consumption or how investment influences capital stock. System Dynamics offers a 
powerful set of tools for modeling sustainability, providing unique benefits that can 
help decision-makers, analysts, and stakeholders understand and address the 
complexities of sustainable development. Here are some of the key benefits:

	 Holistic Perspective: System Dynamics models consider the whole system 
rather than isolated parts, allowing for a more comprehensive understanding of how 
different system components interact and influence each other.

	 Feedback Loop Analysis: These models make it possible to identify and 

analyze feedback loops (both reinforcing and balancing), which are crucial for 

understanding the self-reinforcing processes and potential points of equilibrium 

within a system.


	 Dynamic Complexity: Sustainability issues often involve complex dynamics 

that unfold over time. System Dynamics models can simulate these dynamics, 

revealing how actions taken today might influence the future state of the system.
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	 Policy Insights: By experimenting with different policies in a virtual 

environment, decision-makers can foresee the long-term impacts of their actions, 

helping to avoid unintended consequences and identify policies that contribute to 

sustainability.


	 Scenario Testing: System Dynamics allows for scenario analysis, where 

various 'what if' situations can be tested to understand potential future outcomes and 

the robustness of strategies under different conditions.


	 Delay Understanding: Delays are inherent in socio-economic and ecological 

systems (e.g., the time lag between greenhouse gas emissions and climate change 

impacts). System Dynamics models can incorporate these delays, providing insights 

into how they affect system behavior.


	 Education and Communication: The visual nature of System Dynamics 

models, especially causal loop and stock and flow diagrams, can be excellent tools 

for educating stakeholders about the complexity of sustainability issues and for 

communicating the results of analyses.


	 Endogenous Viewpoint: System Dynamics models typically focus on how the 

internal structure of a system creates its behavior, emphasizing endogenous factors 

over exogenous. This viewpoint encourages looking within the system for leverage 

points and solutions.


	 Quantitative and Qualitative Integration: These models integrate both 

quantitative data and qualitative understanding, providing a bridge between 

numerical analysis and narrative explanation.


	 Iterative Learning: The process of building and using System Dynamics 

models is iterative, promoting continuous learning and refinement of understanding, 

which is essential for dealing with sustainability's evolving challenges.


	 Resource Management: System Dynamics models are particularly adept at 

handling issues related to resource management, including resource depletion, 

renewable resource flows, and the transition to sustainable forms of production and 

consumption.
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	 Long-Term Focus: Sustainability is inherently a long-term issue, and System 

Dynamics models excel at projecting far into the future, beyond the horizon of 

standard forecasting techniques.


	 Kaoru Yamaguchi in his paper “A Step-by-step System Dynamics Modeling of 

Sustainability” developed a profound example of modelling the interactions between 

different components of an economic system with a focus on sustainability 

(Figure 1). The diagram encapsulates how economic growth is interconnected with 

resource consumption and waste generation, highlighting the importance of 

sustainable practices like recycling and the use of substitutes for non-renewable 

resources.


Figure 1. Model of Reproducibility and Sustainability [4]
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	 Next the depicted System Dynamics model can be a valuable tool for 

informing policy decisions in different ways:


Resource Management: The model tracks non-renewable and renewable raw material 

usage, highlighting the rates of consumption and regeneration. Policy decisions 

regarding resource extraction limits, conservation efforts, and sustainable 

management practices can be informed by understanding these dynamics.


Investment in Capital: By illustrating how investment contributes to capital and 

affects output, the model can help in designing policies for economic stimulus, 

determining appropriate levels of public investment, or incentivizing private 

investments in specific sectors.


Economic Growth and Environmental Impact: The interconnected loops between 

economic growth, resource consumption, and waste generation provide insights for 

creating policies that aim to balance economic development with environmental 

sustainability. For example, implementing strict regulations on industrial waste, 

encouraging recycling, or investing in waste management infrastructure.


Labor Force Development: The model shows how the population affects the labor 

force and, consequently, economic output. This can guide policies related to 

education, skill development, and labor laws that ensure a skilled workforce to 

maintain or increase productivity.


Consumption Patterns: With consumption linked to waste generation, policies could 

be devised to encourage sustainable consumption practices, like promoting energy-

efficient products or reducing the consumption of non-renewable resources.


Technology and Innovation: The presence of "Substitutes" for non-renewable 

resources suggests the potential for technological solutions. Policies that fund 

research and development or provide subsidies for clean technologies could be 

guided by this aspect of the model.


Recycling and Waste Management: The recycling loop indicates how waste is 

reduced and resources are reused. Policies can be formulated to improve recycling 

rates, minimize waste, and support the circular economy.
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Demographic Changes: Policies related to healthcare, family planning, and 

immigration could be informed by the birth and death rates in the model, affecting 

population and labor force dynamics.


Depreciation and Renewal: Depreciation of capital and natural resources can guide 

maintenance, renewal, and infrastructure investment policies to sustain long-term 

economic growth.


	 In summary, this model provides a comprehensive view of the interactions 

between economic activities and resource management. Policymakers can use it to 

test different scenarios and forecast the long-term consequences of various policy 

choices. By adjusting model parameters and observing the outcomes, decision-

makers can better understand the trade-offs and potential impacts of their policies on 

sustainable economic growth.


	 To conclude, System Dynamics provides a valuable framework for exploring 

sustainable pathways, understanding the trade-offs and synergies between different 

objectives, and developing strategies that are robust over a wide range of possible 

futures.
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