The EDL Feedback Loop Primer
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How To Read a Causal Loop Diagram

The Ecocosm Paradox Causal Loop Diagram

A causal loop diagram shows important causal loops that exist in a system and how they interact with each other.  The operation of the loops over time gives rise to system behavior that is described by graphing values (over time) of critical variables in the system.  In this diagram, some of the individual loops are called out with circular red arrows annotated by a plus or minus sign.  As an example, let’s walk through one of these loops.  On the right-hand side of the diagram, just under the arrow pointing to “AVG LIFE” is a counter-clockwise red arrow with a plus sign.  Let’s start here.  

Arrows:

Arrows connect system variables.  The arrow from “PRO-HEALTH DECISIONS & ACTIONS” to “AVG LIFE” has a plus sign, which means two things systematically:

1) As pro-health decisions and actions increase, average lifespan increases.

2) As pro-health decisions and actions decrease, average lifespan decreases.

So a positive arrow indicates a direct causal relationship from the arrow-end variable to the arrow-head variable.

The next arrow in this loop, from “AVG LIFE” to “DEATH RATE” has a minus sign, which also means two things:

1) As average lifespan increases, the death rate decreases.

2) As average lifespan decreases, the death rate increases.

So a negative arrow indicates an inverse causal relationship from the arrow-end variable to the arrow-head variable.

Note that some arrows are dotted lines.  These represent information rather than physical relationships from one variable to another.  For example, the dotted arrow from HEALTH & LONGEVITY NEEDS to PRO-HEALTH DECISIONS & ACTIONS shows that as people in society desire greater health and longer lives, their decisions and actions will reflect this desire and support research and products that will help them attain it. 

Loops:

A loop is formed when arrows pointing in the same direction connect system variables in a path that comes back to its point of beginning, that is, a virtual circle.  Sometimes loops can actually look much more twisted than a circle—like a figure eight, for instance.  But the requirement is the same.  The arrows must all point in the same direction and the path must return to its point of beginning.  The loop we are looking at in this example follows this path:

1) +  PRO-HEALTH DECISIONS & ACTIONS ( AVG LIFE

2) -   AVG LIFE ( DEATH RATE
3) -  DEATH RATE ( POPULATION
4) +  POPULATION ( WORLD HUMAN CONSUMPTION
5) +  WORLD HUMAN CONSUMPTION ( BENEFITS AND FUNDS
6) +  BENEFITS AND FUNDS ( PRO-HEALTH DECISIONS & ACTIONS
Note that there are other loops with paths that are almost the same as this one.  For example, one could add a piece to this loop to make a slightly different one that goes from POPULATION to BIRTH RATE and then from BIRTH RATE back to POPULATION.  In fact, that little added piece is a loop in itself, as are several pairs of arrows in the center column such as the loop between WASTE & DISCARD RATE and PRODUCTS IN USE.

Loop Signs:

The sign of a loop (indicated on the diagram by a red plus or minus sign) is the sign of the algebraic product of all the loop arrows.  In our loop above there are four plus signs and two minus signs.  When you multiply these six signs together, the result is positive, so this is a positive loop.  Loop signs have very important implications for system behavior.  A positive loop reinforces itself.  In our example loop, as average life span increases, population increases.  As population increases, world human consumption increases.  As world human consumption increases, more benefits and funds generate more research and tools with which to increase average life span.  We represent positive loops in our language with expressions like “a vicious cycle” or “success breeds success” or “downward spiral”.  A positive loop often results in exponential growth of its component variables.  A negative loop regulates itself.  In our diagram, the small loop between DEATH RATE and POPULATION with just two arrows is negative.  For example, as DEATH RATE decreases, POPULATION increases.  As POPULATION increases, DEATH RATE increases.  These loops regulate themselves much like a thermostat.  Many of our biological processes are negative loops.  The scenario of a population exceeding the carrying capacity of its environment and dying back is a negative loop.

What the Whole Diagram Means:

The complete diagram with all of its interacting positive and negative loops can be represented mathematically and used to simulate system behavior over time.  The system behavior that arises from such a simulation is in the form of values (at different points in time) of the different system variables that appear in the diagram.  When plotted against time on the x-axis, the system behavior is then represented as graphs of the system variables.  The two most common patterns seen are:

1) Oscillating—which represents a stable system that regulates itself, and

2) Exponential—which represents a system experiencing unrestricted growth that is reinforcing itself.
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