System Dynamics

“An approach to understanding the behaviour of
complex systems over time. It deals with internal
feedback loops and time delays that affect the
behaviour of the entire system. What makes using
system dynamics different from other approaches to
studying complex systems is the use of feedback
loops and stocks and flows. These elements help
describe how even seemingly simple systems
display baffling nonlinearity.” (Wikipedia, 2014)



System Science(s): Study of systems
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Cause

B
Effect

Feedback: shows how actions can
reinforce (positive feedback) or
counteract (balance through
negative feedback) each other

Variables are organized 1n a circle
or loop of cause-effect
relationship called a “feedback
process”




Feedback Processes

Reinforcing (R) or
Amplifying

Cause dramatic growth or
collapse

Amplifies change

Snowballing effect

Make something greater or less
Accelerating growth or decline

“Vicious cycles”, “self fulfilling
prophecies”, “Virtuous cycles”

” 111

Balancing (B) or
Stabilizing

Operates when there is a
goal oriented behavior
(implicit or explicit)

Keep things under control
Limit dramatic growth
Ensure that systems fulfills
its purpose

Seeks equilibrium and
stability

Self correction to keep goal
or target
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Delay = interruption between actions
and thelr conseguences
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Causal Loop Diagrams (CLDs)

Birth Rate Death Rate
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Stock and Flow Diagrams

Reservoir Conveyor
Cloud Faucet Stock Stock 1
inflow outflow
Flow 1 Stock 2 Flow 2 Stock 3
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Stock 4 Flow 3 Stock 5
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Converter



Flow and Stock

& Stock: Anything that accumulate and can be
measured at one point in time (water in
bathtub or behind a dam, population, wood in
the forest, etc.)

& Flow: Anything that changes over time
(number of births, inflation rate, etc.). Inflows
and outflows

& Stock and flow obey laws of conservation and
accumulation
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Tangible Intangible
Populations (male, female) Poverty or wealth
Food Quality of life
Energy Happiness
Resources Health
Land Hunger
Houses Quality
Stocks Labor (jobs) Anger
Trees Satisfaction
Roads, traffic, vehicles Confidence
Water, Pollutants Morale
Cash Motivation
Cattle Attractiveness
Equipment Leadership
Hiring, lay-off Learning
Saving Growing
Producing Becoming aware
Being born, dying Contributing
Constructing Leading
Flow Depreciating Managing

Being infected
Adopting

Earning, spending
Pumping, recharging
Evaporating, infiltrating

Changing behavior
Liking, disliking
Becoming sustainable
Understanding
Assuming




Using 1Think or Stella

¢ Trademark of Isee systems

( )

@ Introduction to Systems Thinking by
Richmond (2004 a,b).

& Other SD software include Vensim and
Powersim.



System Dynamics Modeling
and Archetypes



Step 1

Steps 7 & 8 Get acquainted

Gl ' blem familiarization)
Sensitivity analysis & (pro
policy analysis /A

Step 2
Be specific about the
dynamic problem

Step 6
(problem definition)

Simulation to
explain the problem

Steps3&4

Step 5 Stock-and-flow diagram
Est| ate and casual loop diagram

parameters ‘\ -/ (model formulation)

Quantitative system dynamics Qualitative system dynamics



Mixed Modeling Methods

N

System
Dynamics

—

Modeling &
Decision
Methods
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e Social Network
Analysis (SNA)

e Double Causality

e Cross-impact

e Mind Maps

e Agent-Based
Analysis

e Others
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Why ¢  Why is a dynamic model constructed?
e \What problem and behavior (reference mode) is being modeled and over
what time frame and spatial scale?
¢ What methods other than (or complimentary to) dynamic modeling can bhe
used to model the problem?
What ¢ What would happen if the problem were or were not addressed?
¢ What solutions have been attempted in the past to address the problem and
what were their outcomes?
¢ What are the components of the problem being addressed and their
connections?
¢ What range of responses can be expected from the model?
¢ How will the model complement the traditional steps of project
management?
¢ How have the components of the model interacted in the past?
How ¢  How will community members be involved in building, reviewing, and
updating the model?
¢ How will the model recommendations be presented to the community
members?
Who e Whois participating in developing the model (insiders and outsiders)?
When ¢ \When should the model be integrated into project management?
¢ When should the model be started, evaluated, modified, and updated?
Where ¢ Where should model development and community interaction take place
(office, community)?




Systems Archetypes
(archetypos = first of its kind)

% Limits to growth

¢ Fixes that backfire

& Shifting the burden

& Eroding goals

¢ Escalation

& Success to the successful

& Tragedy of the commons

% Growth and under-investment
& Balancing process with delay
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