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Stock: a collection of discrete or continuous items.  
Examples:  

• a population of animals, people, plants, … 
• money in an account, airplanes at an airport, cars on a road segment, …  
• concentration of chemical elements in a medium (e.g., CO2 in the atmosphere), … 
• water in a lake, energy in a battery, … 
• Bytes used on a computer, … 

The number of entities in a discrete stock or the quantity of a continuous stock is a “state variable”. 

Flow: a movement of matter, things, energy, information, … 
Examples:  

• animals/people being born or dying, new plants growing, plants being harvested, … 
• money spent, airplanes leaving or arriving, cars leaving a road segment or entering, … 
• fertilizers put on a field, CO2 emissions,  
• water running into a lake or out of it, energy taken out of a battery or put into it, … 
• Information flowing into a computer or being removed. 

Flows are the valves that control the movements between stocks. 
They can be expressed as rate equations or differential equations.
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Variables and Links

PopulationBirth Death

Birth rate Death rate
Variables: 

• Birth rate 
• Death rate



Variables and Links

PopulationBirth Death

Birth rate Death rate

Variables: 
• Birth rate
• Death rate

Links: 
• Birth = Birth rate * population
• Death = Death rate * population



Variable: a quantity that can determine flows and stocks.  
Examples:  

• birth rate, survival rate, death rate, predator efficiency, … 
• energy efficiency, … 
• absorption rate, … 
• evaporation rate, temperature, salinity, … 

Links: a connection that transmits a number from a variable, stock or flow to another stock 
or flow. 

Examples:  
• the flow “birth” depends on the variable “birth rate” and the number of 

population in the stock. 
• the “death” of a prey population depends on the variable “death rate” and the 

number of prey population (stock), but also on the variable “predator 
efficiency” and the number of predators (stock). 

Variables and Links
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Stock and Flow Models

Model: Simplified abstract representation of reality designed to allow: 
• explain causal relationships; 
• study system characteristics; 
• simulate (predict) system behavior under certain conditions.  

Model levels:  
• mental models: cannot capture relationships in complex systems; 
• conceptual models: captures relationships between different system components; 
• causal loop diagrams: Conceptual models that capture all relevant causal 

relationships including feedback loops 
• mathematical, numerical, computational models: extensions of conceptual models; 

can be analytical models, simulation models, statistical models, box models, 
stochastic models, deterministic models, empirical models, theoretical models, 
dynamic models. 

Stock and flow models and agent-based models are designed closely based 
on conceptual models.



Stock and Flow Models

A “good” model addresses the problem that it was designed to address.  

Starting point: a well-defined question (with is a challenge for a wicked problem).  

Three main goals for model design: 
• Control: the ability to manipulate an experimental system and to quantitatively 

and precisely relate cause and effect.  
• Realism: the extent to which the knowledge gain from the model is directly 

translatable to the real-world problem.  
• Generality: the range of different types of systems the model can be applied to. 



Stock and Flow Models

Eight steps: 
1. Identification of the problem 
2. Conceptualization: develop conceptual model; preferably as conceptual loop diagram 
3. Formalization: translate the conceptual model into formulas (for a stock and flow model or 

agent-based model)
4. Calibration: the process by which the model structure and coefficient values are altered 

within a range of observed values so that model output conforms to data observed in 
real systems. 

5. Validation: use of independent dataset to test the models ability to predict dynamics 
under a different set of conditions.  

6. Sensitivity analysis: values of model coefficients and initial conditions are systematically 
varied in order to determine which ones the model output is most sensitive to. 

7. Simulations: An excellent approach for asking and answering what-if questions.  
8. Translation: interpreting what findings from the modeling world mean for the real world.
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Basic mechanisms of yellow fever system 

Step 2
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Basic mechanisms of yellow fever system 

Step 3



A system dynamics model formulation facilitates 
examination of model structure and assumptions. The 
rectangle labeled Current Fish Biomass B is a stock, 
or accumulation. The thick arrows are flows.

Stock and Flow Models

Steps 3 and 4

Dudley and Sonderquist, 1999



A system dynamics model formulation facilitates 
examination of model structure and assumptions. The 
rectangle labeled Current Fish Biomass B is a stock, 
or accumulation. The thick arrows are flows.

Stock and Flow Models

Steps 3 and 4

 Figure 4. A modification of the original model to 
reformulate "Units of fishing Gear E" as a stock 
which grows more rapidly if cpue (catch per unit 
effort) is high. Dudley and Sonderquist, 1999



Saturday, June 9, 2018: Travel to Key Largo 
Sunday, June 10, 2018: Reconnaissance and preparation of fieldwork 
Monday, June 11, 2018: Group work 
Tuesday, June 12, 2018: Group work 
Wednesday, June 13, 2018: Group work 
Thursday, June 14, 2018: Group work 
Friday, June 15, 2018: Stakeholder meeting 
Saturday, June 16, 2018: Travel back to Norfolk

Service Learning Projects
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Tools

NetLogo: 

The System Dynamics Modeler runs a stock and flow model over time with a discrete time step.  
The time step can be adjusted to ensure sufficient time resolution.
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https://vensim.com/vensim-personal-learning-edition/

Tools


