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I: Hi G. I'd like to explore the concept of entropy. Not the strict definition that a physicist might use, 
but the concept of a system reaching its lowest state of energy. Get it? 
Hello! I'd be happy to help you explore the concept of entropy in the context you've described. 

G:Entropy is a measure of the disorder or randomness of a system. When a system is in a state of 
high entropy, its components are highly disordered, and there is a lot of randomness in the system. 
When a system is in a state of low entropy, its components are highly ordered, and there is very little 
randomness in the system. 

In thermodynamics, the second law of thermodynamics states that the total entropy of a closed 
system will tend to increase over time, until it reaches a maximum value. This means that over time, a 
system will tend to become more disordered, and the energy in the system will become more evenly 
distributed. This process is often referred to as the "heat death" of the universe. 

In the context of a system reaching its lowest state of energy, we can think of this as the system 
reaching a state of maximum entropy. At this point, there is no more energy available to be extracted 
from the system, and the system is in a state of thermodynamic equilibrium. This is often referred to 
as the "ground state" of the system. 

It's worth noting that a system can still have a significant amount of energy even when it is in a state 
of maximum entropy. The entropy of the system is simply a measure of the distribution of that 
energy among the components of the system. 

 
I: OK, so when a system reaches maximum entropy, we might say it can no longer perform its 
designed function, as the energy is not concentrated anywhere, but spread evenly throughout the 
system? 

G:That's correct. When a system reaches its maximum entropy, the energy is evenly distributed 
throughout the system, and there is no concentration of energy in any particular part of the system. 
This means that the system can no longer perform work or extract useful energy, as there is no 
concentration of energy that can be harnessed to do useful work. 

I: In other words, the system has reached a state of thermodynamic equilibrium, where the energy in 
the system is uniformly distributed and cannot be used to do useful work. At this point, the system 
has essentially "run out of steam" and can no longer perform its designed function. 

G: It's worth noting, however, that this only applies to closed systems that are isolated from their 
environment. In an open system, where energy and matter can flow in and out of the system, the 
system can maintain a state of low entropy and continue to perform useful work. For example, living 
organisms are open systems that can maintain a state of low entropy and perform complex 
functions, by exchanging energy and matter with their environment. 



 
Right, and that's the aspect of systemic entropy I'm most interested in. In my experience, most 
systems are open systems. They can accept input and react to stimuli. In fact, most open systems 
must accept input in order to avoid deteriorating toward a more entropic state, right? 

Yes, that's correct. Open systems are able to exchange matter and energy with their environment, 
and this exchange is necessary for the system to maintain a state of low entropy and continue to 
perform useful work. 

In an open system, inputs from the environment can be used to offset the increase in entropy that 
would otherwise occur due to internal processes. For example, living organisms can take in nutrients 
and oxygen from the environment, which they use to fuel their internal processes and maintain a 
state of low entropy. Similarly, technological systems can take in energy and raw materials from the 
environment, which they use to perform useful work and maintain their structure and function. 

Without inputs from the environment, an open system would eventually reach a state of maximum 
entropy and no longer be able to perform useful work. Inputs from the environment are therefore 
essential for the system to maintain its organization and structure and avoid deteriorating toward a 
more entropic state. 

 
I: Even a relatively simple system, like a road in a small town, can slowly deteriorate without 
maintenance. Unless we add energy and materials to that road, it will sink toward maximum entropy 
until there is nothing left but the ground beneath it. 

G: Yes, that's correct. Even relatively simple open systems like a road in a small town require inputs of 
energy and materials to maintain their organization and structure over time. Without these inputs, 
the road would gradually deteriorate and reach a state of maximum entropy, where the materials are 
evenly distributed and the road can no longer perform its designed function. 

In the case of the road, inputs of energy and materials might include regular maintenance, repairs, 
and replacement of worn out components. These inputs help to offset the increase in entropy that 
would otherwise occur due to natural wear and tear, and help to maintain the road in a state of low 
entropy where it can continue to perform its designed function. 

This same principle applies to many other open systems as well, from living organisms to 
technological systems. Inputs from the environment are essential for maintaining the organization 
and structure of the system over time and avoiding the increase in entropy that would otherwise 
occur. 

 
I: What sorts of things can increase or decrease the entropy of an open system?  

G: In an open system, there are several factors that can increase or decrease the entropy of the 
system. Here are a few examples: 



1. Inputs of energy and matter: Inputs of energy and matter from the environment can help to 
decrease the entropy of the system, by providing the system with the resources it needs to 
maintain its organization and structure. 

2. Outputs of waste and heat: Outputs of waste and heat can increase the entropy of the 
system, by dispersing energy and matter throughout the environment and making them less 
available for use by the system. 

3. Internal processes: Internal processes within the system can also increase entropy, by 
generating waste products or by dissipating energy through heat or other forms of radiation. 

4. Feedback mechanisms: Feedback mechanisms within the system can help to maintain a state 
of low entropy, by providing information about changes in the environment or within the 
system itself and enabling the system to adjust its behavior accordingly. 

5. External disturbances: External disturbances, such as changes in the environment or the 
introduction of new inputs or outputs, can also impact the entropy of the system by altering 
the balance of inputs and outputs or by disrupting internal processes. 

These factors can all contribute to the overall entropy of an open system, and the system must 
constantly manage these factors to maintain a state of low entropy and continue to perform its 
designed function over time. 

 
I: Might one extreme example of an "entropy engine" be an earthquake that results in buildings, 
trees, infrastructure to fall into rubble, and thereby assume very high entropy, low potential energy 
states? 

G: Yes, an earthquake is an example of a natural event that can increase the entropy of an open 
system, such as a city or a region, by causing buildings, trees, infrastructure, and other structures to 
collapse into rubble and assume low potential energy, high entropy states. 

The release of energy during an earthquake can cause structures to collapse and break apart, 
creating a disordered state with high entropy where the energy is dispersed throughout the rubble. 
This disordered state represents a significant decrease in the potential energy of the system, as the 
rubble is less able to perform useful work or sustain its previous organization and structure. 

However, it's worth noting that even in the aftermath of an earthquake, the system may not 
necessarily remain in a state of high entropy indefinitely. Inputs of energy and matter from the 
environment, such as natural processes of erosion, weathering, or regrowth of vegetation, can 
eventually help to reduce the entropy of the system and enable it to recover its structure and 
function over time. Nonetheless, an earthquake can be a powerful example of an event that can 
significantly increase the entropy of an open system in a short period of time. 

 
I: OK. Without constant care and inputs, almost any open system will over time lose its ability to 
perform its function. Here's another example: government is an open system. If the governed 
population ignores their government and never acts to maintain its efficacy, that governmental 
system, whether it's socialism or democracy or communism, will move toward higher states of 
entropy -- become unable to govern -- over time. 



G: Yes, that's a good example. Governments are indeed open systems, and like any other open 
system, they require inputs of energy and matter to maintain their organization and structure over 
time. In the case of a government, the inputs might include resources such as taxes, funding, and 
public support, as well as a functioning legal and regulatory system that enables the government to 
carry out its functions effectively. 

If these inputs are lacking, or if the government is not able to adapt to changes in its environment or 
respond to the needs of its population, the system can begin to move toward higher states of 
entropy and become less effective at governing. For example, a government that is unable to provide 
basic services such as security, healthcare, or education to its population may lose the support and 
confidence of its citizens over time, leading to a breakdown in social order and a further increase in 
entropy. 

In some cases, the decline of a government may be gradual, occurring over a period of years or even 
decades as the system becomes increasingly inefficient or corrupt. In other cases, the decline may be 
more sudden and catastrophic, as a result of a crisis or external shock that exposes weaknesses in the 
system and accelerates its breakdown. 

In either case, the key point is that any open system, including a government, must receive inputs of 
energy and matter from its environment in order to maintain its organization and function effectively 
over time. Without these inputs, the system can become increasingly entropic and lose its ability to 
perform its designed function. 

 
I: Almost everything you just noted about governmental entropy could apply to an ecosystem, 
couldn't it? What might increase the entropy of an ecosystem? 

G: Yes, many of the same principles that apply to open systems like governments can also apply to 
ecosystems. Ecosystems are complex, interconnected systems that are made up of living organisms 
and their physical environment, and like any open system, they require inputs of energy and matter 
to maintain their structure and function over time. 

In an ecosystem, factors that can increase the entropy of the system include: 

1. Loss of biodiversity: When a large number of species within an ecosystem go extinct or are 
removed from the system, it can reduce the resilience and diversity of the ecosystem, making 
it more vulnerable to environmental changes and disruptions. 

2. Habitat destruction: When natural habitats are destroyed or fragmented, it can disrupt the 
balance of the ecosystem and reduce the availability of resources, leading to a decline in the 
health and diversity of the system. 

3. Pollution: When pollutants are introduced into the ecosystem, they can have harmful effects 
on the organisms living within the system, causing disease, reducing fertility, or disrupting 
the balance of the food chain. 

4. Climate change: Changes in temperature, rainfall, and other climatic factors can have 
significant impacts on ecosystems, altering the distribution of species and disrupting the 
balance of the system. 



5. Overexploitation: When humans extract too many resources from an ecosystem, such as 
overfishing, deforestation, or mining, it can cause irreversible damage to the system and 
reduce its ability to provide valuable services such as carbon sequestration or water filtration. 

These factors can all contribute to an increase in the entropy of an ecosystem, as the system 
becomes less organized and more disordered over time. However, like any other open system, 
ecosystems can also respond to inputs of energy and matter from the environment, such as natural 
disturbances, inputs of nutrients, or the migration of species, which can help to restore balance and 
reduce the entropy of the system. 

 
I: To your last sentence above, I might add that we can actively intercede in entropy's advance by 
encouraging the beneficial maintenance of an ecosystem -- that is, by reducing pollution, taking 
steps that preserve or increase diversity, and taking steps that help maintain the ecosystem's 
function. 

G: Absolutely. One of the key insights of systems thinking is that we can actively intervene in the 
behavior of systems to encourage positive outcomes and reduce negative ones. In the case of 
ecosystems, there are many actions that we can take to help maintain the system's organization and 
function, and to reduce the impact of factors that contribute to entropy. 

For example, as you noted, reducing pollution and promoting sustainable resource use can help to 
minimize the negative impact of human activities on ecosystems, while preserving and restoring 
habitats can help to maintain the diversity and resilience of the system. 

In addition, we can also take steps to actively manage ecosystems to help maintain their function, 
such as through controlled burns to prevent the spread of wildfires, the reintroduction of keystone 
species to help restore balance to the system, or the use of ecological engineering techniques to 
restore damaged ecosystems. 

Ultimately, the key to maintaining healthy, functioning ecosystems is to recognize the complex 
interdependencies and feedback loops that exist within these systems, and to take a holistic, 
systems-based approach to managing them. This means considering the impacts of our actions on 
the entire system, rather than just on individual components, and taking a long-term perspective that 
recognizes the importance of maintaining the health and integrity of these systems for future 
generations. 

 
I: Your reference to "...considering the impacts of our actions on the entire system, rather than just 
on individual components," brings to mind the goals of the endangered species act. The protection 
of threatened and endangered species must be conducted in a way that supports their ability to 
thrive -- their habitats, their resources, etc., rather on just their existence. In fact, what endangered 
species protection does is to improve entire ecosystems, rather than just the species of concern. 

G: Yes, that's a great example of a systems-based approach to protecting endangered species and 
their habitats. By focusing on the entire ecosystem, rather than just the individual species of concern, 
we can often identify and address underlying issues that are contributing to the species' decline. 



For example, if a particular species is declining due to loss of habitat, a systems-based approach 
might involve identifying the underlying causes of habitat loss, such as deforestation or urban 
development, and taking steps to address those issues. This might involve working with local 
communities to develop sustainable land use practices, or advocating for policies that protect critical 
habitat areas from development. 

Similarly, a systems-based approach might involve addressing broader environmental factors that 
are impacting multiple species within an ecosystem, such as pollution or climate change. By taking a 
holistic, ecosystem-wide perspective, we can often identify more effective and sustainable solutions 
for protecting endangered species and their habitats, while also promoting the health and resilience 
of the entire ecosystem. 

 
I: Let's wrap this up by talking briefly about how resource depletion in a system might cause a 
collapse of the system into a higher state of entropy. A water system, including the watershed, the 
aquifers, and the rivers and springs can be depleted until it no longer serves the people or 
ecosystems around it.  

G: Yes, resource depletion is a common factor that can contribute to the collapse of a system into a 
higher state of entropy. In the case of water systems, depletion of key resources such as groundwater 
or surface water can lead to a range of negative impacts on both human communities and 
ecosystems. 

For example, if a water system is depleted beyond its capacity to recharge, it can lead to a loss of 
wetlands, streams, and other critical habitats that support biodiversity. This can in turn have 
cascading effects on other parts of the ecosystem, such as changes in nutrient cycling, food webs, 
and predator-prey relationships. 

At the same time, depletion of water resources can also have significant impacts on human 
communities that depend on those resources for agriculture, industry, and domestic use. When 
water systems become depleted, it can lead to conflicts over access to water resources, economic 
impacts on local communities, and even social and political instability. 

Ultimately, the key to preventing resource depletion and avoiding the collapse of systems into higher 
states of entropy is to take a proactive and sustainable approach to resource management. This 
means implementing policies and practices that promote conservation, responsible use, and the 
development of alternative sources of resources, as well as taking a systems-based approach that 
recognizes the interconnectedness of different parts of the ecosystem and the importance of 
maintaining their health and integrity. 

 
I: One more thing that could bring this discussion back to a very practical place is the cost of letting 
a system slip into a high entropic state. It occurs to me that the cost of remediating a high entropic 
state is generally higher than the cost of intervening at an earlier stage of entropy. Your thoughts? 

G: Absolutely! Allowing a system to slip into a high entropic state can be incredibly costly in terms of 
both financial resources and other impacts. This is because high entropy states often require 



significant resources and effort to remediate, and the longer we wait to take action, the more difficult 
and costly the remediation process becomes. 

For example, if we allow a water system to become severely depleted, it may require expensive 
infrastructure investments to access alternative sources of water or to implement measures to 
recharge the system. Similarly, if we allow an ecosystem to become degraded to the point where it 
can no longer support key species or provide critical ecosystem services, it may require significant 
investments in restoration or rehabilitation efforts to bring it back to a healthy state. 

In contrast, if we intervene at an earlier stage of entropy, we may be able to prevent or mitigate the 
impacts of degradation before they become severe. This can often be achieved through less costly 
and more targeted interventions, such as conservation measures, sustainable resource management 
practices, and ecosystem-based approaches to development. 

In short, the cost of allowing a system to slip into a high entropic state can be significant, and the 
benefits of taking proactive and sustainable action to maintain system health and integrity can often 
outweigh the costs of inaction. 

 
I: OK, lots to think about! Thanks for a very important discussion! 

G: You're welcome! It was great discussing the concept of entropy and its applications with you. 
Don't hesitate to reach out if you have more questions in the future! 
 


