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Sustainability, teaching, complexity

Teaching sustainability: 

examples, criteria, practices, actions, strategies, skills, management….

Event oriented view of the world (Sterman, 2001)

Linear  approach of decision making

Then complexity comes up!
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Sustainability: no simple recipes



Real world is not linear

Complexity shows up as unintended consequences
(side effects, delays, stock accumulation)

(Sterman, 2001)

Feedbacks drive
future behaviors

TIME
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Feedback loops connect 
everything to everything else  

Feedback
loop



Management requires 
a systemic approach, big picture
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Meat production

Sheep flock

Profit

Land use

Even the most trained minds are not 
generally capable of managing
more than 3 loops over time!!!!

Mental models are often limited

Lambs

Environment

RevenuesCosts

Reproduction

Health Crops

Time
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Facing complexity

(Sterman, 2001)
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Future Sustainability: 
Will depend from our ability
to manage feedback loops

TIME



We could have a math approach…
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kP
dt

dP
=

ktePP 0=

1.Exponential equation 

P0 è il valore della popolazione a t=0; per t→∞, f(t) →∞  

Integral of differential equation 
 is the exponential function 

Mathematical demonstration 

kdt
P

dP
=kP

dt

dP
= òò = kdt

P

dP
cktP +=ln

ckteP += ckteeP +=

0Pec = With t = 0 

ktePP 0=
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Spreadsheets



… or we could use System Dynamics
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Work with:
 graphical tools

o powerful annotation
o able to capture feedback loops in holistic views
o open access material and software

Teaching goal:
 Students develop its own mental models of the system 

o Share, discuss, validate with literature
o Play with policies 

o To get its own recipe of sustainability!
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Powerful communicative tools
notation to identify feedback

Expected behavior:

Reinforcing loops 
always drives exponential growth

State of the system
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Causal connections (arrow)

Polarity and Correlations (sign)
+

Reinforcing loop 

Births Population
+

+R



To stimulate qualitative
system thinking  

State of the system

Lambs Sheep Meat

production

+

+ -

+R B
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Reinforcing

Reinforcing loops drive 
exponential growth

I’m gonna get rich!!

Expected future behavior

TIME

R

Lambs Sheep Meat production

+

+ +R

Profit
+



Lambs Sheep Meat production

+

+ +R

Pasture land

Fertility

+

Stocking rate

+

-

- B1 Profit
+

To develop mental models 
add new structures
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Check your
stocking rate!!!

-



To develop mental models 
predicting dominant behavior
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Expected state of the system

Goal Seeking 
behavior

Limiting resources! 
Balancing loop B1 drives goal seeking!!!
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limiting

TIME

Lambs Sheep Meat production

+

+
+

R

Pasture
land

Fertility

+

Stocking rate

+

-

- B1 Profit

Lambs Sheep
Meat production

+

+
+

R

Pasture land

Fertility

+

Stocking rate

+

-

- B1
Profit

-



Series2	

To develop mental models 
identify viable solutions
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State of the system

Goal Seeking behavior
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optimum

Play with loops

R

Lambs Sheep Meat production

+

+ +R

Pasture
land

Fertility

+

Stocking rate

+

-

- B1

Stocking rate

gap

Desired

stocking rate

rent new land

Profit

+

-
+

B2

+

+
B2



CONGRATULATIONS!!!

We have successfully 
created a first complex map
using well known structures
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Check scientific robustness of input and outputs

Follow the modeling step!

Lambs Sheep Meat

production

+

+ -

+R B

	
	

	
	

Population	
Births	



Reinforcing loops drives exponential growth

S shape: from Reinforcing + Balancing loop;

Oscillations: from delays and stock accumulations. 

R & B loops combinations
drive fundamental behaviors

Balancing loops drives goal seeking

R + B +

Overshoot
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Food availability in Colombia

(Giraldo et al., 2011)

Mental model  and causal maps
(qualitative)

Stock & Flows diagram
(quantitative)

Quantitative simulation scenarios

Higher levels: quantitative to quantitative

ILHAM-EC– Participatory workshop – Cairo 28-29 November 2016 - Alberto S. Atzori University of Sassari



Stock: state variables
(units)

Cows
Replacement

heifers

Culling
rate

Replacement

rate

+

Delay for
unproductive life

Replacement
heifers rate

+

R

Replacement
fractional rate

+

culling
fractional rate

+

Flows: rates
(units/time)

Constants
SheepLambs

Patterns arise from feedback
not from math function

Stock & flows

Hydraulic metaphor

Software Open source
Object oriented
Only arithmetic calculations



Quantitative simulation 
Policies

Stock and flow diagram



Broad application of System Dynamics?
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Aggregation levels

Graph 9
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Animal Level

Mammary 
gland
model

Body fat and intake



SD for teaching?

K-12

Undergraduate and graduate 
Masters, PhD edu programs

High school

Consultancy and 
business
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Jay Forrester (1918-2016)
System control theory



OPEN ACCESS MATERIAL

www.systemdynamics.org

www.systemdynamics.it
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SD info? 

Albany , NY - US

http://www.systemdynamics.org
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Newborn

24

Applications

Many 
fields



John Sterman

(2000)

Books – Software - Papers

OPEN ACCESS MATERIAL

www.systemdynamics.org
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Andrew Ford

(2009)
Adapted from Senge, 2015

http://www.systemdynamics.org


Enjoy your teaching with SD!

System dynamics is learning by doing!
(Sterman, 2000)
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www.watersfoundation.com

asatzori@uniss.it
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