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GST 89 — Causal Leverage

Formal Description

Causal significance is not necessarily proportional to the physical magnitude of a causal input. A
relatively small transfer of matter, energy or physically embodied information may produce a
disproportionately extensive effect where it acts at a point in a causal organisation that enables,
inhibits, controls or redirects larger causal processes or flows. This is described as causal leverage.
The larger effect need not derive its matter or energy from the initiating input. Instead, the input may
alter a condition, constraint, configuration or process governing causal resources already available
elsewhere. A small causal contribution can therefore determine whether a much larger causal
pathway operates and, if so, how it operates.

Causal leverage may operate through enablement by making a causal pathway available, or through
inhibition by preventing a pathway from operating. Control can regulate the extent to which a
pathway is available, while redirection can alter which of several possible pathways a causal flow
follows.

Information can provide particularly strong causal leverage because relatively small physically
embodied signals can alter the operation or configuration of responsive processes. Information is
not, however, necessary for leverage. Small transfers of matter or energy can also initiate, inhibit or
modify processes with much larger consequences.

Causal leverage therefore depends upon the location and effect of an input within causal
organisation, rather than simply upon its physical magnitude. This also provides a physical basis for
agency: an agent need not supply all of the matter or energy involved in an intended consequence if
its actions can modify causal organisation so that independently available causal resources produce
the effect.

Plain English Explanation

It is tempting to assume that large effects require large causes. Sometimes they do, but causal
networks do not always work that way.

Imagine a large flow of water passing through a pipe. Moving all of that water directly would require
considerable effort. But suppose the pipe contains a valve. A much smaller input applied to the valve
can open or close the pathway and thereby determine whether the much larger flow occurs.

The small input has not somehow produced the energy of the flowing water. It has changed the
causal organisation governing where the water can go.

This is causal leverage.

The same basic principle can operate in several ways.

An input can enable a causal pathway. Opening a valve allows water to flow.

It can inhibit a pathway. Closing the valve prevents the flow.

It can control a pathway. Partially opening the valve regulates the flow.

Or it can redirect causality. Changing railway points, for example, can determine which of two
available routes a moving train follows.

Causal leverage is not restricted to energy flows. A small quantity of a chemical may initiate or inhibit
biological processes with consequences extending throughout an organism. A small mechanical
displacement can release a larger stored force. A relatively weak informational signal can change the
behaviour of a control system.

The important question is therefore not simply:
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“How large was the cause?”

but:

“Where did it act within the causal organisation, and what did its action enable, inhibit, control or
redirect?”

This is one reason why understanding the causal network matters so much. A small input applied at
an unimportant point may have little effect. The same-sized input applied at a point controlling
several important causal pathways may have extensive consequences.

Causal leverage is therefore a property of the relationship between an input and the organisation
upon which it acts.

Causal Leverage
Relatively small causal inputs can have disproportionately extensive consequences when they
enable, inhibit, control or redirect larger causal pathways. The initiating input need not provide the
matter or energy involved in the larger effect; its leverage arises from where and how it acts within the
causal organisation.

Examples

A valve provides the simplest physical example. A relatively small movement changes a constraint
upon a much larger flow of water. The water and the energy producing its movement originate
elsewhere; the valve regulates the pathway through which they can be transferred.

Railway points illustrate redirection. The energy required to alter the points is very small compared
with the matter and kinetic energy of a moving train, yet their configuration determines which
available pathway the train follows.

Biological systems provide examples that do not depend primarily upon differences in energy
magnitude. A small quantity of a signalling substance may bind to receptors and initiate a sequence
of cellular processes. Its causal importance arises from the organisation and responsiveness of the
biological system upon which it acts rather than simply from the quantity of substance involved.
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Informational control provides another important case. A physically small control signal may cause a
machine to start, stop or alter its operation. The signal does not provide the resources subsequently
used by the machine. Instead, the receiving process is organised to respond differently to different
signals.

Human agency frequently involves chains of causal leverage. Neural processes influence muscular
processes; muscular action changes some part of the environment; that change may open, close or
redirect a larger causal pathway. The causal consequence of an action can therefore greatly exceed
the physical magnitude of the initiating neural or muscular transfer without violating physical
conservation.

Provenance and Links

The importance of leverage has long been recognised in both physical and systems science. The
mechanical lever provides the literal antecedent: the organisation of a mechanism allows an applied
force to have effects that would not follow from considering the input in isolation.

Within systems science, Donella Meadows developed the influential concept of leverage points:
places within a system where interventions can produce substantial changes. Her analysis
emphasised that interventions at different points within a system can differ greatly in their
consequences.

Cybernetics and control theory provide another important antecedent. The work of Norbert Wiener
and subsequent control theorists demonstrated how relatively small control signals can regulate
much larger system processes through feedback and control mechanisms.

The treatment developed in these course modules is broader than informational control or deliberate
intervention. Causal leverage is treated as a general property of causal organisation: relatively small
transfers of matter, energy or embodied information may have extensive consequences where they
alter conditions, constraints or processes regulating larger causal pathways.

This distinction is important because causal leverage can occur without an agent deliberately
exploiting it. Deliberate intervention becomes a special case in which knowledge of causal
organisation is used to identify and modify leverage points.

Practical Exercise

Return to your causal representation of the town experiencing local flooding after heavy rainfall. In
previous modules you identified relatively coherent causal organisations and considered their
boundaries. Your task is now to search that causal organisation for points of leverage.

Begin by considering a simple intervention: placing a temporary barrier across a pathway through
which floodwater enters a property.

Identify the causal flow that the barrier affects. Then compare the physical magnitude of the
intervention with the amount of water whose pathway it may alter. Explain why the barrier can have a
much larger causal consequence than would be expected from considering its physical magnitude
alone.

Now classify its operation. Does the barrier inhibit, control or redirect a causal pathway? Could it
perform more than one of these functions?

Next identify an example of enablement. Consider an existing drainage pathway that is obstructed by
debris. Removing a relatively small obstruction may enable a much larger volume of water to pass
through the drainage system. Explain where the leverage arises.

Now search your wider flooding network for at least three other possible leverage points. Do not
restrict yourself to physical flood barriers. Consider the river, drainage network, control systems,
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pumps, gates, roads, buildings and any informational or human processes represented in your causal
network.

For each candidate, identify:

the relatively small causal input > the process or constraint it modifies > the larger causal
pathway affected > the resulting consequence.

Then examine the possibility of unintended consequences. Suppose an intervention successfully
redirects floodwater away from one group of properties. Follow the redirected causal pathway
through your network. Could the intervention increase flooding somewhere else? Explain why
identifying a leverage point does not by itself establish that using it will improve the behaviour of the
wider system.

Now compare two possible interventions: one requiring substantial physical resources but acting
relatively late in the causal network, and another requiring a smaller input but acting at a point
influencing several subsequent pathways. Consider which possesses greater causal leverage and
explain why physical magnitude alone cannot answer the question.

Finally, imagine that you are responsible for reducing future flood damage but have resources
sufficient to implement only one intervention. Write a short causal justification for the leverage point
you would investigate first. Base your reasoning upon the causal organisation you have developed
through the preceding exercises, rather than simply selecting the most obvious or largest
intervention.

Do not assume that your chosen intervention is correct. In the next module, From Causal Reality to
Causal Knowledge, you will examine how recurring observations, causal mechanisms, hypotheses,
explanations and theories allow proposed causal relationships, including those underlying
interventions, to be investigated and tested rather than merely assumed.
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