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Stocks and Flows: Core building blocks of Operational Systems Thinking 

The art of generating useful systemic insight via Operational Systems 
Thinking is akin to developing a “dynamic story.”  Operational Systems 
Thinking is: the linking of observed behavior to the structural, cause-and-
effect relationships responsible for that behavior.   

The written word is a poor medium for describing dynamics that include: 
time delays, virtuous or vicious cycles (due to feedback loops), unintended 
consequences, or several other elements of the “real world” that we need to 
include in our mental models.   

For example: There’s no easy way to describe with words how high 
inventories of fish lead to lower prices, stimulating demand, and result in a 
re-balancing of inventories.  Or moreover, how at the same time the stock of 
assets (boats and other harvesting equipment) is still on the balance sheets of 
fishing organizations, and even if prices fall, in order to capitalize on these 
assets, fishing organizations will be encouraged to increase harvesting and 
keep oversupplying the market – thus driving prices down more.  

Were you aware that what was just described were two feedback loops?   

The interplay between the two feedback loops just described creates some of 
the unwanted dynamics occurring in fisheries – and in many instances where 
there’s a “Tragedy of the Commons” dynamic – and yet it is nigh impossible 
to get a visceral understanding of these interrelationships through the English 
(or any verbal) language!  

Fortunately, visual languages can tell both of the above dynamic stories (and 
more!) simultaneously so we can more fully comprehend what’s 
happening…and why.  The visual mapping language of stocks and flows is 
likely the best language for describing and communicating these dynamic 
stories. 

Two Important Elements of Verbal Languages: Nouns and Verbs 

Although the metaphor of language elements doesn’t fully translate to all 
aspects of the Operational Systems Thinking Language, the two fundamental 
language elements of nouns and verbs do translate quite well.  All languages 
make the distinction between nouns (things) and verbs (actions by/with 
things).  We will build your systems thinking capacity by first starting with 
the nouns and verbs of the Operational Systems Thinking Language: stocks 
and flows. 
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Stocks 

Stocks are accumulations.  
They can be accumulations of 
just about anything physical, 
such as:  

• People 
• Fish 
• Boats 
• Gold 
• Food in Pantry  

They can also be 
accumulations of non-
physical things, such as:  

• Money (electronic 
value) 

• Skills 
• Happiness 
• Fear 
• Love   

Anything that you can 
quantify, that can build or 
decrease over time, can be 
represented as a stock.   

One easy way to visualize a stock is as “stuff in a 
bathtub.”  A stock of Fish Population is an accumulated 
level of people.  If your stock of Fear is high (very afraid), 
then your bathtub of fear is quite full. 

Stocks exist at a point in time.  Visualize entering a 
meeting and closing the door behind you – ensuring 
that no one enters or leaves.  In effect, you’ve stopped 
time!  You can then count up everybody in the room for the meeting.  That’s 
the stock of Current Meeting Attendees.    

Flows 

The only way for there to be a 
change in the number of 
attendees would be for some 
activity occurring, such as 

Examples of Stocks 
Physical & Non-Physical

 

Stock of people 
currently in a 
meeting room 

 

Flow of people entering the meeting room 
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attendees entering the room 
or attendees leaving the 
room.  Those are flows!  
Flows occur “over time.”  
They don’t exist without 
time.   

Actions (flows) require time 
to occur.  If you stop time, 
no one can enter or leave.  Without time, there is no earning of money…nor 
catching fish…nor reducing fear.  When time stops, the flows disappear: 
what remains are the stocks. 

If stocks are bathtubs, flows represent those pipes that carry stuff into and out 
of the stocks.  They are the “rates of change” over some time interval that 
determine the level of the stock at the end of that interval.  If there are 
currently 10 gallons of water in the bathtub now and the rate of inflow is 1 
gallon per minute, then there will be 11 gallons of water one minute from 
now (assuming no loss down the drain).  Two minutes from now we would 
expect there to be 12 gallons…and so on. 

Flows must be defined with an “over time” component, even if some time-
based word isn’t used in labeling them.  Examples of flows corresponding 
the above stocks are: 

 
• Births (per year); deaths (per year) 
• Hatching (per month); dying (per month); 

harvesting/catching (per week) 
• Purchasing boats (per year); retiring boats 

(per year) 
• Buying gold (per month); selling gold (per 

month) 
• Buying food (per week); consuming food 

(per week)  

It’s often harder to come up with explicit names for 
flows associated with non-physical variable (e.g. 
the last few in the list below the inflow is building 
and the outflow is losing):  
 

• Earning money (per month); spending 
money (per month) 

• Learning (per month); losing/forgetting 

Examples of Flows 
For a few of the stocks 

shown earlier 

 

Adding flow of people leaving the meeting room 
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skills (per month) 
• Building happiness (per day); losing happiness (per day) 
• Building fear (per minute); reducing fear (per minute) 
• Building love (per year); losing love (per year)   

Conditions vs. Actions: To change conditions requires action(s) 

One reason to make the distinction between stocks and flows in building 
understanding of the “real world” is to know how to improve those 
conditions we wish to improve.  We usually think of conditions as static 
concepts.   
 

• What’s the current level of 
unemployment?   

• How much stress do I feel?   
• How many cod are in the ocean? 

Changing conditions requires thinking 
dynamically; this requires focusing on the actions 
(flows) that impact these levels.  You cannot change unemployment without 
focusing on the flows responsible for either adding people to the stock of 
Unemployed or removing them from the Unemployed stock.  These flows 
might be labeled losing employment and gaining employment.  (losing 
employment is shown as a drain leaking out of the Employed stock, which is 
a good way to help mentally simulate.)   

The only way to reduce the 
number of people in the 
Unemployed stock is to make 
sure that the number leaving 
the stock exceeds the number 
entering – the rate of gaining 
employment must become 
greater than the rate of losing 
employment.  The flows are 
the places where you can 
intervene! 

We will spend the next 
sections learning – once 
you’ve framed an issue to understand – how to select what the most 
important stock(s) and flow(s) are, and how these can better facilitate your 
inquiry into developing a useful mental model. 

Stock of people 
currently unemployed 

 

Stock of people currently unemployed 
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What’s with the clouds?  Why the nozzle?  What’s the arrowhead mean? 

The flow icon is far more sophisticated than the stock…a plain, old rectangle.  
It’s designed with specific attributes to communicate the assumptions about 
how it works.  The pipe is hollow, and indicates that “stuff” moves through 
the pipe.  (This distinction becomes important when you learn about the 
connector wire.)  Please draw your pipes hollow so that others reading your 
maps see that stuff flows through the pipe – this will improve their ability to 
mentally simulate the maps. 

The circle and horizontal line above it are flow regulators – like nozzles on 
bathroom sinks.  The nozzle can be turned so that it is “wide open,” 
meaning that the flow rate is fast (large volumes flow through per unit of 
time); it can be turned down so that the flow is a trickle, as well.  And of 
course, it can be turned off so that nothing flows through the pipe. 

The clouds indicate the current boundaries of your map. If something comes 
from a cloud, it means your map currently assumes that there’s an infinite 
source of “stuff” that can flow from the cloud; and it means you currently 
aren’t interested in understanding what’s going on outside your map “in the 
clouds.”  It’s beyond current concern.   

Similarly, when a flow goes into a cloud, it’s an infinite sink – an infinite 
amount of “stuff” can flow into the cloud and it’s beyond the scope of your 
map’s purpose.  It’s outside the current boundaries of analysis. 

This is important because if you are concerned with having enough nurses in 
your community, and you map them coming from a cloud, your map would 

Defining the flow icon – what do icon attributes mean? 
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suggest there’s an infinite 
supply of nurses who might 
want to relocate to your 
community.  And that’s 
probably not the case!  It 
may be helpful to put a stock 
there to indicate you believe 
there’s currently a finite 
supply of nurses that will 
limit your effectiveness to 
attract nurses. 

In another example, assume 
you are interested in the 
impacts of local agriculture 
on the environment, and you map the flow of fertilizer runoff going into a 
cloud, the map suggests that the environment can handle as much fertilizer 
as you can throw at it.  Again, not likely the case!  As the concentration of 
phosphorous increases, it can create many harmful effects (e.g. Destroying 
the crab population in the 
Chesapeake Bay).  

As you can see, it’s a good 
idea to be certain whether 
you want the flow from/into a 
cloud rather than another 
stock – because there are 
serious implications to 
assuming infinite sources or 
sinks. 
 
Thinking Operationally 

A core skill of a Systems Thinker is Operational Thinking (described in more 
depth in a separate chapter), which is the ability to develop theories about 
the world in ways that increase our understanding of “how things work.”  It 
is used to know why particular behaviors (dynamics) have been occurring 
and to identify actions that could potentially improve those behaviors.  The 
ability to represent the system under study using stocks and flows is central 
to thinking operationally.  The first step in building your stock and flow map 
is to pick the “core stock and flow structure” from which to begin. 

 

There’s probably not an infinite supply of nurses 
you could bring to your community 

 

There’s probably not an infinite supply of nurses 
you could bring to your community 
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Beginning Your Stock and Flow Map 

First, determine the most important stock(s) 

The first step in building a map of your understanding from an operational 
perspective is to recognize the distinction in your mental model (map) of the 
“real world” between the “stuff” that’s accumulating and the activities that 
are changing the levels of those accumulations: stocks and flows.  Previously, 
we described stocks as representing conditions of concern, while flows are 
the actions that change those conditions.  And in the metaphor of language, 
stocks are the nouns and flows are the verbs.  Let’s start with learning how to 
select the key stock (or stocks) that will become the core of your Operational 
Systems Thinking map. 

First, you should already have framed the issue as some dynamic you want 
to better understand: you should have some trend you wish to explore and 
perhaps influence.  For example, assume you’ve framed the issue around a 
global renewable resource (e.g. the amount of cod in the ocean), and you 
want to know why the amount of that renewable resource has been steadily 
falling over time and what you can do.  The first step in developing your 
map is to ask questions such as:  
 

• “What’s accumulating?” 
• “What condition has been changing over time?” 
• “How would I/we want some condition to change into the future?” 

In this example, there’s a pretty straightforward 
answer: the Cod Population.  The stock is the 
amount of fish in the population at a point in 
time.  It’s easy to visualize a “bathtub full of fish” 
– although you might not want to think about the 
accompanying odor if they’ve been dead there 
for a while! 

A note about naming.  If you are working with 
someone who refers to the Cod Population as Cod Biomass, you should use 
Cod Biomass.  It is extremely important to label your map using the words or 
phrases that those you are engaging with use – it improves your ability to 
build and communicate the map! 

Stocks by themselves are usually quite uninteresting.  They just sit there!  If 
nothing flows into the stock or out of it, there’s no change.  That’s where 
flows come in. 

First, select the most 
important stock 
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…then add the appropriate flows 

Flows are the rates of change to the stock, so with our example of Cod 
Population, the obvious flows relate to births and deaths.  I recommend you 
select one flow at a time and think through carefully what it represents and 
how best to label it.  I usually like to label the flow as an active (gerund 
form) verb.  Putting “…ing” on the end of the verb connotes action…and it 
makes it easier to read. 

Let’s start with the inflow into Cod Population.  

What are the activities that occur that “add to” the population? 

Two come to mind: 
 

• Births 
• In-migration 

Let’s start with births.  We could label it “births”, but maybe a more 
operational label might be hatching.  If there’s an amount of fish that hatch 
per month or per year, that might be easier to 
think about.  And it applies the “…ing” form.  
Where possible, I include the time units in the 
label (as long as it doesn’t make the map too 
unreadable), so let’s label the birth process as 
hatching per month. 

The other activity might be labeled as “migrating 
in,” where cod come from some nearby region.  
You could include this if this helps to address the 
purpose behind your mapping effort.  In this example, however, we framed 
the purpose as to understand why a global renewable resource was 
decreasing, and since we are operating at a global level, migration isn’t 
occurring (unless the fish are coming from Mars!).  So, it’s safe to move on to 
the outflow side. 

What are the activities that occur that “take away from” the population? 

Three come to mind: 
 

• Deaths 
• Harvesting/ catching by fishing industry 
• Out-migration 

We can put aside the out-migration since we’ve bounded this globally, so 

Then, focus on one 
flow at a time 
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let’s start with deaths, or in 
this case, let’s consider 
them “natural deaths” (and 
not deaths caused by 
human fishing).  A good 
label might be dying 
naturally per month, which 
meets our desire to use 
“…ing.”  Similarly, we can 
add another flow and label 
it harvesting per month. 

Again, make sure that the 
words you are using in the 
labels match the words used 
by those you will need to 
engage in the process.  If 
they prefer catching per 
month then you should use 
those words! 

Now… 

Stop right there! 

Asking Operational Questions as You Build Your Map 

Before moving on to mapping additional stocks and/or flows, it’s a good idea 
to use what you’ve added recently to ask some questions to build and 
solidify understanding.  In the case of the Cod Population issue, you know 
that if the population has been falling recently, it must be the case that the 
sum of the outflows (dying naturally per month + harvesting per month) must 
exceed the inflow (hatching per month).  You can ask questions such as: 
 

! Has the hatching per month become smaller?  If so, why?  (Perhaps 
conditions that support reproduction have worsened.  Or toxins in the 
water are killing off eggs prior to hatching.  Or…) 

! Has the dying naturally per month increased?  If so, why?  (Perhaps the 
predator population has increased.  Or their food supply is 
disappearing.  Or…) 

! Has the harvesting per month increased?  If so, why?  (Perhaps 
demand for cod has increased.  Or innovations in harvesting have 
caused boats to be more effective.  Or perhaps there are more boats.  

Slowly keep adding one flow at a time… 

 

…and add another 
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Or perhaps the 
amount of hours 
spent by boats has 
increased.  Or…) 

 
You get the picture.  
Before adding anything 
more to the map, you are 
in a great place to begin 
asking a series of causal 
theory questions.  Just 
putting down a few stocks 
and flows creates a 
fantastic learning 
opportunity.  Don’t miss 
this golden opportunity by 
rushing to add more to the 
map! 
 

Rules for Stock and Flow Structures 

One benefit of the stock and flow language is its precision, and this precision 
improves our ability to mentally simulate the logical implications of 
assumptions the map represents.  However, because of the precision of the 
language, it’s essential that you follow very specific guidelines when 
connecting stocks and flows into a main chain.  There are two aspects of 
connecting stocks and flows together you must keep in mind. 
 

• All stocks in a chain have the same units (and the flows are in 
those units with a “per time” definition) 

• Physical stocks do not really “appear” or “disappear” – matter is 
conserved – even if you use clouds to set boundaries 

Use the Same Units 

Because verbal languages are metaphorical and imprecise, it’s easy to say 
things like “money buys happiness” or “criminals generate fear.”  When first 
learning the stock and flow language, it’s tempting to draw stocks of Money 
and Happiness and connect them with a flow of buying.  Or to draw a stock 
of Criminals with a flow of generating that goes into a stock of Fear.  These 
don’t work!   

As you build your map, ask questions as you go 
about how the flows work – and what’s been 

happening to them over time 

 
1. Has the hatching per month become 

smaller?  If so, why?  
2. Has the dying naturally per month 

increased?  If so, why?  
3. Has the harvesting per month 

increased?  If so, why? 
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Mentally simulate out the first example.  
If the “bathtub” of Happiness increases, 
then the amount in the “bathtub” of 
Money must be going down!  This is 
precisely the opposite of the theory 
usually espoused.  (Okay, we won’t get 
into the philosophical argument about 
whether this statement makes real sense!) 

Of if you simulate the latter, if the 
number of Criminals goes down (flows 
out through generating), the stock of Fear 
rises.  Again, that makes absolutely no 
sense relative to the espoused theory. 

In the section describing how to generate flows, we’ll discuss how to 
improve these particular examples.  Getting into the fixes now would distract 
from the main teaching point: stocks in the same chain “must have the same 
units!” 

 

Conserve Matter 

Stocks representing physical things (e.g. Water) are ultimately bounded by 
the planet (or universe if your map is interplanetary).  So, even if you are 
only looking at the water in your community, you need to keep in mind 
(even if you don’t map it!) that water is a “finite” or “conserved” entity.  You 
should always ask about the clouds, “Is it okay to set the boundary here – 
given my purpose statement?” 

Use the same units 

 
 

 

Physical systems don’t create matter “out of thin air”  
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Non-physical stocks should have 
flows coming from nowhere and 
going nowhere.  The flow of 
building going into Your 
Confidence should not take 
confidence away from anyone 
else!  It’s something that does 
appear from the ether.  (I’m glad 
that you won’t be stealing my 
knowledge to get smarter yourself!) 
 

Mental Simulation of Stocks and Flows 

As mentioned previously, one of the benefits of applying the stock and flow 
language is its ability to enhance (bolster) our mental simulation capacity.  
It’s a good idea to mentally simulate your stock and flow structures as you 
build them to support your learning – about the issue and being better able 
to mentally simulate.   

Here’s an example. 
Assume you are concerned about the amount of Greenhouse Gases in the 
atmosphere.  That’s a stock, and for simplicity let’s label it GHG in 
Atmosphere.  The flow into the stock might be labeled emitting GHG 
annually.  The flow out of the stock might be labeled absorbing GHG 
annually.   
  

Non-physical flows move “stuff” from 
nowhere – or to nowhere 

 

The amount of greenhouse gases in the atmosphere as a stock with associated flows 
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Now, assume that the flow of emitting GHG annually has been at a constant 
rate for years, as has absorbing GHG annually.  And they are at the same rate.  
See these trend lines below.  What will be the trend for the level of GHG in 
Atmosphere over the same period?    

With the inflow equaling the outflow, how will the 
amount of GHG in Atmosphere trend over time? 
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Right!  It will remain constant.  Already we’ve discussed that the only way 
for a stock to increase in volume over time is for the inflow rate (or sum of 
the inflow) to exceed the outflow rate (or sum of the outflows).  How those 
rates are changing over time determines how the volume is changing over 
time. 

Now look at the next example.  If the flow rates are these values over time, 

With the inflow equaling the outflow, how will the 
amount of GHG in Atmosphere trend over time? 

With the inflow equaling the outflow, the 
amount of GHG in Atmosphere will remain constant over time 
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what do you expect the volume in the stock to do over time?   
It will increase over time.  Did your mental simulation have the trend as 
linear? 

 
And finally, this example.  How will GHG in Atmosphere change over time? 

 

With the inflow equaling the outflow, the 
amount of GHG in Atmosphere will remain constant over time 

 

With the inflow equaling the outflow, how will the 
amount of GHG in Atmosphere trend over time? 
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In this case, with an expanding gap between the rate of inflow versus 
outflow, the amount in the stock will increase exponentially! 
 

Mental Simulation – Summary 
It’s a good idea to always mentally simulate pieces of your stock and flow 
map as you add them, to make sure that it represents your understanding, or 
to improve your understanding.  The very act of mental simulation often 
increases both the volume and quality of questions you can ask.  That’s the 
final – and perhaps most important – section of this stock and flow mapping 
guidelines. 

With the inflow equaling the outflow, the 
amount of GHG in Atmosphere will remain constant over time 
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Questions to Ascertain Usefulness of the Initial Stock and Flow Structure 

Can others read the stock and flow without your walking them through it? 
• Is it neat? 
• Are stocks capitalized? 
• If possible, did you use a “…ing” in labeling the flows? 
• Are the words in the same language they would use?  (Very 

important!) 

Are all stocks in the same chain applying the same units?  (E.g. Don’t turn 
water into wine!) 

Are all flows in the same chain in the units as the stock(s), but with a “per 
time” definition? 

Are you aware, if mapping a physical system, of the “conserved” nature of 
the physical “stuff”? 

If mapping a physical system and setting the boundaries: 
• Are the boundaries wide enough to capture the full dynamic range 

of the issue? 
• Are the boundaries narrow enough to focus the analysis?  

If using a main chain, have I created an appropriate level of aggregation 
(right number of stocks) to: 

• Understand the issue? 
• And not be overly complicated (map should be “as simple as 

possible, but no simpler”)? 

Questions to Build Understanding with Your Map 

To understand what’s happening 

If a stock’s level is decreasing over time, you know that the outflow rate 
exceeds the inflow rate.   

• Is the gap between these two rates is widening, thus making the 
stock volume fall faster over time? 

• Is the gap between these two rates closing, making the volume fall 
more slowly over time? 

• Under what conditions might these two rates be the same, thus 
making the stock be in equilibrium?  Has this ever been the case? 

• If a stock’s level is decreasing over time, you know that the outflow 
rate exceeds the inflow rate.   

• Is the gap between these two rates is widening, thus making the 
stock volume fall faster over time? 
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• Is the gap between these two rates closing, making the volume fall 
more slowly over time? 

• Under what conditions might these two rates be the same, thus 
making the stock be in equilibrium?  Has this ever been the case? 

To explore potential interventions 
• Where have interventions been applied on the core structure or 

main chain? 
• How successful?  What positive impacts?  Any unintended 

consequences? 
• To make a crucial stock change in the right direction, how should 

the rate of flows differ than they are now? 
• Where would you need to intervene to make the flows change in 

the appropriate direction? 
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Tragedy of the Commons: A systems archetype in the shrimp (and other 
commons-based industries) 

In the shrimp commodity system, the wild shrimp industry has the potential 
to “overfish” the shrimp population.   This result from individual decisions 
that locally seem to make sense, even though globally it is obvious that the 
decisions will result in potentially destroying the resource.  This is often 
referred to as having “bounded rationality.” 

This is a commonly observed behavior observed in many other systems 
besides the shrimp industry.  It has occurred in several fisheries – one of the 
more well known examples is the Georges Bank cod fishery.  In 1966 the 
catch of cod was 54,000 metric tons; in 2004 the catch fell to just 4,500 
metric tons.1   

Commonly referred to as Tragedy of the Commons, the dynamic gets its 
name from the metaphor of famers overgrazing a common field in order to 
feed their livestock.  As their profits fall, the locally rational decision is to 
add more to the herd – this only leads to further overgrazing! 

This dynamic occurs because of the absence or long delayed feedback from 
the resource to the decision makers.  As the decision makers see they are 
getting less for the resource, the only wise choice appears to increase the 
intensity of using that resource to extract more from it.  The delayed signal 
that the resource is collapsing usually doesn’t come back to the decision 
maker until too late. 

Donella Meadows suggests there are three ways to avoid the Tragedy of the 
Commons.2 

1. Educate and exhort people to see the consequences of their actions. 
2. Privatize the commons and provide the users of the commons a 

portion to do with as they will 
3. Regulate the commons with quotas, permits, taxes and incentives – 

remove control from those lacking self-control 
 

 

 

                                                
1 Lovewell, M., Cod in State of Collapse…, Vineyard Gazette Online, September 23, 
2005, http://www.mvgazette.com/article.php?17238 
2 Meadows, Donella H., Thinking in Systems: A Primer, Chelsea Green, 2008 
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Systems Archetypes: Common “stories” occurring in multiple and diverse 
systems 

The Tragedy of the Commons isn’t the only systems archetype, there are 
several others system dynamics practitioners have observed over time.  A 
few others include: 

! Fixes that Fail 
! Tragedy of the Commons 
! Drifting/Eroding Goals 
! Escalation 
! Success to the Successful 
! Shifting the Burden 

These archetypes are described in detail elsewhere.  The learner is 
encouraged to read more about them in books such as: The Fifth Discipline3, 
Thinking in Systems, or materials published by Pegasus Communications. 

 

                                                
3 Senge, Peter, The Fifth Discipline, Doubleday, 1994 


