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Causal Diagram Notation

Causal Loop Diagrams (CLDs) are an important tool to represent the
feedback structure of systems.

A causal diagram consists of variables connected by arrows denoting
the causal influences among the variables.

The important feedback loops are also identified in the diagram.

Variables are related by causal links, shown by arrows.

Each causal link is assigned a polarity, either positive (+) or negative (-)
to indicate how the dependent variable changes when the independent
variable changes.








A positive link means that if the cause increases, the effect increases
above what it would otherwise have been, and if the cause decreases,
the effect decreases below what it would otherwise have been.

A negative link means that if the cause increases, the effect decreases
below what it would otherwise have been, and if the cause decreases,
the effect increases above what it would otherwise have been.









Link polarities describe the structure of the system. They do not describe 
the behavior of the variables. 

That is, they describe what would happen IF there were a change. They 
do not describe what actually happens.  

Note the phrase above or below what it otherwise would have been in 
the definition of link polarity. 




An increase in a cause variable does not necessarily mean the effect
will actually increase.

There are two reasons; 1) a variable often has more than one input. To
determine what actually happens you need to know how all the inputs
are changing.

Example: birth rate= fractional birth rate * population

2) and more importantly, causal loop diagrams do not distinguish
between stocks and flows.





Stocks; the accumulation of resources in a system and Flow; the rates of
change that alter those resources.

Example: population, an increase in the birth rate will increase the
population, but a decrease in the birth rate does not decrease the
population.

Thus, an increase in the birth rate increases the population above what 
it otherwise would have been and a decrease in the birth rate decreases 
population below what it otherwise would have been. 




Similarly, the negative polarity of the link from the death rate to
population indicates that the death rate subtracts from the population.

But a drop in the death rate does not add to the population.

Drop in deaths means fewer people die and more remain alive: the
population is higher that what it otherwise would have been.

To know whether a stock is increasing or decreasing you must know its
net rate of change.




Causation versus Correlation

Every link in your diagram must represent (what you believe to be)
causal relationships between the variables.

You must not include correlations between variables.

Behavior includes not only replicating historical experience but also
responding to circumstances and policies that are entirely novel.

Correlations among variables reflect the past behavior of a system.
They do not represent the structure of the system.








Determining Loop Polarity

There are two methods for determining whether a loop is positive
or negative:

The fast way: count the number of negative links
If the number of negative loops is even, the loop is positive; if the
number is odd, the loop is negative.

Remember, positive: reinforcing; negative: self-correcting

Imagine a mall disturbance in one of the variables.
If the disturbance propagates around the loop to reinforce the
original change, then the loop is positive

If the disturbance propagates around the loop to oppose the
original change, then the loop is negative.




To oppose the disturbance, the signal must experience a net sign
reversal as it ravels around the loop.

Net reversal can only occur if the number of negative links is odd.

A single negative link causes the signal to reverse: an increase
becomes a decrease. But another negative link reverses the signal
again, so the decrease becomes an increase.

How about miscounting the links or mislabeling the links?





The right way: trace the effect of a change around the loop

You can start with any variable in the loop; the result must be same.




When you determine loop polarity, you are calculating what is known
in control theory as the sign of the open loop gain of the loop.

The term “gain” refers to the strength of signal returned by the loop: a
gain of two means a change in a variable is doubled each cycle around
the loop: a gain of negative 0.5 means the disturbance propagates
around the loop to oppose itself with a strength half as large.

The term “open loop” means the gain is calculated for just one feedback
cycle by breaking-opening- the loop at some point.

Mathematics of Loop Polarity




Consider an arbitrary feedback loop consisting of n variables, 𝑥1, …, 𝑥𝑛. 
You can calculate the open loop gain at any point; let 𝑥1denote the 
variable you choose. 

When you break the loop, 𝑥1 splits into an input, 𝑥1
𝐼

, and output, 𝑥1
𝑂 . 








The open loop gain is defined as the (partial) 𝑥1

𝑂 with respect to 𝑥1
𝐼

,

that is, the feedback effect of a small change in the variable as it returns
to itself.
The polarity of the loop is the sign of the open loop gain:

Polarity of loop = SGN(𝜕𝑥1
𝑂 /𝜕𝑥1

𝐼
)

Where SGN() is the signum or sign function, returning +1 if its
argument is positive and −1 if the argument is negative.




The open loop gain is calculated by the chain rule from the gains of the 

individual links, 𝜕𝑥𝑖/𝜕𝑥𝑖−1 :

SGN( 𝜕𝑥1
𝑂 / 𝜕𝑥1

𝐼
)= SGN [( 𝜕𝑥1

𝑂 / 𝜕𝑥𝑛 )( 𝜕𝑥𝑛 / 𝜕𝑥𝑛−1 )( 𝜕𝑥𝑛−1 /

𝜕𝑥𝑛−2)…(𝜕𝑥2/𝜕𝑥1
𝐼

)]

Since the sign of a product is the product of the signs, loop polarity is also
given by:

SGN(𝜕𝑥1
𝑂 /𝜕𝑥1

𝐼
)= SGN (𝜕𝑥1

𝑂 /𝜕𝑥𝑛) * SGN(𝜕𝑥𝑛/𝜕𝑥𝑛−1) * SGN(𝜕𝑥𝑛−1/ 𝜕𝑥𝑛−2)

*…* (𝜕𝑥2/𝜕𝑥1
𝐼

)

= right method








Some other points to be considered in CLDs

All loops should have unambiguous polarities:

Example: 




Elasticity of demand, 
High elasticity vs. inelasticity 





When you have trouble assigning a clear and unambiguous polarity
to a link it usually means there is more than one causal pathway
connecting two variables.





Name your loops:
You may have to name and number your causal loops if they are
more than you and your audiences mental handling capacity.

It will help to keep the track of feedback loops easily.









Indicate important delays in causal links:

Delays: inertia, oscillation, trade-off between short- and long-run
effects of policies.
Your causal diagrams should include delays that are important to the
dynamic hypothesis or significant relative to your time horizon.





Variable names:
Variable names should be nouns or noun phrases,

The actions (verbs) are captured by the causal links connecting the
variables.




Variable names must have a clear sense of direction,

Chose names for which the meaning of an increase or decrease is
clear, variables that can be smaller or larger.
Without a clear sense of direction for the variables you will not be
able to assign meaningful link polarities.




Choose variables whose normal sense of direction is positive,

Variable names should be chosen so their normal sense of direction is
positive. Avoid the use of variable names containing prefixes
indicating negation.




Choose the right level of aggregation:





In following, don’t put all the loops into one large diagram,
You can draw them in detail in separate diagram, but finally
aggregate them in less detail.




Make the goals of negative loops explicit :

Making goals explicit encourages people to ask how the goals are
formed; structurally or environmentally





Distinguish between actual and perceived conditions:





A case study:
Managing your workload

Problem definition:
A student is going to manage his/her workload during a semester
(13 weeks long).
Student must balance classes and assignments with outside
activities, a personal life, and sleep.

There are two basic policies you can follow:
1) The ant strategy--- never put off until tomorrow what you can

do today;
2) The grasshopper strategy---never do today what can be put off

until tomorrow;













Identify key variables:





Identify key variables:

Assignment rate; the rate at which professors assign work throughout
the term (tasks/week)
Work completion rate; the rate at which tasks are completed
(tasks/week)
Assignment backlog; the number of assigned tasks that are not
completed (tasks)
Grades; the grade received for work handed in (0-100 scale)
Workweek; the number of hours spent on academic work
(hours/week)
Energy level; how well rested a student is (0-100%)





Developing reference mode:

Reference mode for the ant strategy:













Reference mode for the grasshopper strategy:













Developing the causal diagrams:

Next you must use the description of the system and reference modes
to develop a causal map of the feedback processes you believe are
responsible for he dynamics.

The assignment rate is assumed to be exogenous.









However, each of these negative feedback loops has side effects

















Are these diagrams complete?




