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. Stocks and Flows

Stock: a collection of discrete or continuous items.

—Xamples:

* a populat

* Money In

e concentrat

10
a

N of animals, people, plants, ...
N account, airplanes at an airport, cars on a road segment, ...

ion 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”.

J)

Flow: a movement of matter, things, energy, information, ...

—xamples:

e 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, ...
e fertilizers put on a field, CO2 emissions,

e 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
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Variables:
Birth rate e Birth rate Death rate
e Death rate




. Variables and Links

Population

Birth rate Death rate

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




. Variables and Links

Variable: a quantity that can determine flows and stocks.
—xamples:
* birth rate, survival rate, death rate, predator efticiency, ...
* energy efficiency, ...
e absorption rate, ...
e evaporation rate, temperature, salinity, ...

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

e the flow “birth” depends on the variable “birth rate” and the number of
oopulation in the stock.
e 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

eep-births

sheep-birth-rate

predation-rate

-deaths‘

predator-efficiency wolf-death-rate
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. Stock and Flow Models
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. Stock and Flow Models

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

Model levels:

« mental models: cannot capture relationships in complex systems;

e conceptual models: captures relationships between different system components;

e causal loop diagrams: Conceptual models that capture all relevant causal
relationships including teedback 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:

o 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.

o (Generality: the range of different types of systems the model can be applied to.




. Stock and Flow Models

Eight steps:

1. ldentification of the problem
ceptualization: develop conceptual model; preferably as conceptual loop diagram
Formalization: translate the conceptual model into formulas (for a stock and flow model or
agent-based model)
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

2.
3.

4.
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. Validation:

Systems.

under a different set of conditions.

varied in order to determine which ones the model output Is most sens

ulations: An excellent approach tfor asking and ar

slation: interpreting what findings from the model

INg world

swering wr

at-if

ealrl

e

use of independent dataset to test the models ability to predict dynamics

. Sensitivity analysis: values of model coefficients and initial conditions are systematically

itive to.

Jestions.

for the real world.
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Step 2
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Basic mechanisms of yellow fever system




. Stock and Flow Models

Step 3

MOSQUITO POPULATION
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. Stock and Flow Models

UNITS OF

Steps 3 and 4 AIRC a7 o

catch fraction  EFFICIENCY q

Current Fish catch C
addmons Biomass B

/ \/de aths

RATE OF INCREASE 1
ratio of current
biomass to

unfished NORMAL

biomass DEATH
FRACTION

BIOMASS OF
UNFISHED
STOCK k <RATE OF INCREASE >

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.

Dudley and Sonderquist, 1999



. Stock and Flow Models

AVERAGE
VESSEL LIFE

UNITS OF SPAN IN FLEET
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. Stock and Flow Models
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. Stock and Flow Models
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{ Diagram  Code j

{ Diagram  Code j

d B 4 ] & @ — _
Flow Link dt—l.O

Edit Delete Check Stock Variable

¢g @ 4 ] & @ — -
Edit Delete Check Flow Link dt—1.0

Stock Variable

crocodile-birth-rate

:El'crocodile

crocodile-births

crocodile-death-rate

0 time

>

crocodile-deaths

~ Name crocodile-births

Expression

Command Center

| crocodile * crocodile-birth-rate

( Cancel ) ( OK )
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N -
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- Name crocodile-deaths
Expression
time | crocodile * crocodile-death-rate

i ( Cancel ) ( OK
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Tools

NetLogo:

ne System Dynamics Modeler runs a stock and flow model over time with a discrete time step.
ne time step can be adjusted to ensure sufficient time resolution.

" Interface  Info  Code | | Diagram  Code |
@ + abe Butt y @ 4 (] O & — dt=1.0( Edit )
Add | I Check Stock Variable Flow Link : ‘
| N

|
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Tools

e 06 System Dynamics Modeler
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