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Calling the tfablabs

The island of Borneo, described as "a green jewel in the blue sea,"
has all of a sudden been beset with a multitude of seemingly
unrelated problems. The villagers have begun dying of bubonic
plague, the roofs of their huts have begun crashing down, and

there are swarms of dead fish washing up on the banks of their
rivers!
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SUSTAINABLE CITIES
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FAB CITY NETWORK

Falling Roof Beams

rat nest

Incorrect ridge beam instaitation

Insect nest

correct installation
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Action

Conclusions:

* Ad hoc solutions
e Silo thinking

e Symptom control



Systems Thinking

Fasten your seat belts!
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CC-AT 20 Powered by
isee systems, inc.

The island of Borneo, described as "a green jewel in the blue sea,”
has all of a sudden been beset with a multitude of seemingly
unrelated problems. The villagers have begun dying of bubonic
plague, the roofs of their huts have begun crashing down, and
there are swarms of dead fish washing up on the banks of their
rivers!

They are wondering why all of these strange things are happening
all at once, and what they might do about them. This story will help
to untangle the mysterious goings on on the island of Borneo.

Press the spacebar to unfurl each piece of the story, one chunk at
a time...

Landing Page: https://bit.ly/fab25-sdgs
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Human
Population

dying from bubonic plague

We begin our story with the first
component of the mystery: A
human population that is dying
from a bubonic plague outbreak.

Landing Page: https://bit.ly/fab25-sdgs
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Human

Population dying from bubonic plague

The next part of the mystery,
seemingly far away and unrelated,
is the roof beams in the villagers'
huts that have, all of a sudden,
begun falling down.

Fallen

Landing Page: https://bit.ly/fab25-sdgs




Dead
Fish

The final piece of the strange
goings on is the swarms of dead
fish which have begun to appear

on Borneo's river banks.
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Hurnan

Population dying from bubonic plague
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Hurnan
Population dying from bubonic plague

Rats in
Villages

Let's look first at what's causing
the plague outbreak. It's rats! Rats
have begun to invade the villages.
Rats carry the plague and transmit
it via biting people.
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Dead
Fish
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Human

Population dying from bubonic plague

Rats in

\illages Jungle
migrating in

A good question to ask is...\WWhere are
the rats coming from?! And, as you
can see, the answer is_.."from the
jungle!”

But why, now? Rats have been in the
jungle forever. Why are they invading
the villages at this peint in time*?

Landing Page: https://bit.ly/fab25-sdgs
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Human

Population | . F ot
dying fram bubanic plagus rat inmigration rate Populatien

The answer to this question turns out to
be that the cat population has declined
dramatically. Villagers keep cats
primarily to keep rats out of their huts.
As long as the cat population remains
substantial, rats stay in the jungle where
they can have only very limited contact
with the human population. Because the
cat population has dramatically
declined, rats have begun migrating
from the jungle into the villages at a very
high rate.

Rats in
\illages

migrating in

But what has caused the cat population
to decline so dramatically?

Fallzn
Beams

Landing Page: https://bit.ly/fab25-sdgs 16
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Human
Populatien

dying bubonic plague rat inmigration rate

Fats in

Rats in
\illages

Jungle

migrating in

Well, it tums out that to understand
why the cat population has died off, it
is essential to understand what

happened to the Gecko (i.e., lizard)
population.
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Hurnan

i Cat
Population dying from bubonic plague

rat inmigration rate Populaticn
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Rats in Hst=in

\illages cats dying

Jungle

migrating in

Under normal circumstances, cats
chase geckos when they see them in a
villager's hut. But geckos are fast and
can climb straight up walls. So, few
geckos are actually caught by the cats
that pursue them.

Gecko geckoes
Populaticn being killed

But that's under "normal
circumstances.” And as you are

beginning to see, things have been
E;?:hd anything but normal in Bomeo of late!
Fallen
Beams
CC-AT 2 Powered by Landing Page: https://bit.ly/fab25-sdgs 0CIO)
&
(@ isee systems, inc. @ EY MG HD




CC-AT 2(@

Dead
Fish

Powered by
isee systems, inc.

Human

Populatien | . ; :
dying Bubonic plague rat inmigration rate

Rats in

Ratsin
Willages

Jungle

migrating in

What's happened is that the
average speed per gecko has
fallen. Gecko's have become
listless and lethargic. They have
become easy prey for cats! But

why?

Landing Page: https://bit.ly/fab25-sdgs
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Human

q Cat
Population dying from bubonic plague

rat inmigration rate Populaticn

Rats in Hat= in
\illages

Jungle cats dying

migrating in

Gecko geckoes
Fopulation being killed

The gecko speed mystery is
Diasd explainable by their diet. No, not junk
Figh food. They've been OD'ing on DDT!

DODT doesn't Kill the geckoes, it just

slows them down. And that's bad news '
for geckoes, because they now get '
eaten by cats. But the bad news ' Fallen

doesn't stop there! - Beams

CC-AT 2@ [ — Landing Page: https://bit.ly/fab25-sdgs
isee systems, inc.
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Human.

i Cat
Population dying from bubonic plague

rat inmigration rate Population

Rats in
\illages

cats dying

migrating in

The DDT doesn't kill the geckoes, but it
DOES Kill the cats when they eat
them...poetic justice, perhaps. But, as
you're about to see, it also has some big
implications for the rest of the system!

geckoes
being killed

So, how is the DDT getting into the
geckoes? No self-respecting gecko would
eat the stuff straight-up. Instead, it is
coming in from...

catigeckoe
kill rate

Ellzlia:hd awpg DOT
a EEGF/ME avpg speed
.-J per geckos
".. Fallen
= Beams
DOT in
Geckoes
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cat deaths

Rats in
\illages

Cockroaches! awg OOT

DOT in \
Cockroaches !
DOT in
Geckoes
DOT inte geckoes
from roaches
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Dead
Fish
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Human

Population dying from bubonic plague

Rats in
\illages

migrating in

When the geckoes feast on
cockroaches--an important
“public service" they provide for
villagers—they take in any DDT
that the roaches are "carrying.”
Like geckoes, DDT doesn't kill
cockroaches. It just builds up in
their tissues.

Cockroach
Populaticn

roaches being eaten
DOT in
Cockroaches
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dying bubanic plagus rat inmigration rate Population

cat deaths
per peckos eaten

roaches being eaten
DOT in
Cockroaches

OOT into peckoes

from roaches

Geckoes also take in DDT
when they eat caterpillars—
another unwanted guest within

DOT in DOT inte geckoes
from caterpillars

the villagers' huts.
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Fish
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Hurnan

Population dying from bubonic plague

Rats in
\illages

Cockroach
Populaticn

As the lethargic and slow afoot gecko
population is decimated by cats, fewer
and fewer caterpillars are eaten--and
this enables the caterpillar population to
explode!

And guess what caterpillars eat?

migrating in

roaches being eaten
DOT in
Cockroaches

DOT in
Caterpilars

rat inmigration rate

O

DOT into geckoes
from roaches

DOT into geckoes
from caterpillars
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That's right! Roof beamsl!

And so, a second piece of the
mystery falls into place. You should
now be able to see how bubonic
plague and falling roof beams are
related.

But what about the dead fish?

Cat
dying from bubonic plague

rat inmigration rate

cat deaths
per geckoe 2aten

. cats dying

Rats in
\illages

migrating in ;
GE':*'_:' geckoes
Fopulation being killed
& .
£
. catigeckoe
y kill rate
s
!
, (
!
Cockroach
DoT
Populatian g ® (O
p=r geckoe
- g” e awp speed
—.4’ ‘ .-' per geckoe
!
roaches being eaten : eating
DOT in \
Cockroaches ' Fallen
- = Beams
- DOTin
. Geckoes
DOT into geckoes
from roaches Caterpillar
Populaticn
DOT in DOT into geckoes —
Caterpillars from caterpillars 0=% _i SE
co's being bom caterpillars
being eaten
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Hurnan
Populaticn

The trail to dead fish leads back
through where the DOT that got
into the cockroaches and

caterpillars came from._..

dying from bubonic plague

Rats in
\illages

Cat
rat inmigration rate Populaticn
cat deaths
per geckoE e3ten
. cats dying

Cockroach
Populaticn

DOT into caterpillars

DOT into roaches
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Human

Population dying from bubonic plague

DDT got into the
cockroaches and caterpillars
because something called
DDT (a very strong, and now
banned in the US, pesticide)
was sprayed into the huts.

DOT into roaches

DOT into caterpillars

rat inmigration rate

Rats in
\illages

migrating in

Cockroach
Populaticn

— (0
roaches being eaten

COT in
Cockroaches

DOT into peckoes
from roaches

DOT in DOT inte geckoes
from caterpillars

Caterpillars
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Human

Population dying fram bubanic plague

Rats in
\illages
spraying DDT The DDT that was sprayed into
the villagers' huts was part of an
overall DDT spraying program.
So, why DDT?
Dead Cockroach
Fish Populaticn
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DOT sprayed into huts

DOT into roaches

DOT into caterpillars

rat inmigration rate

migrating in

S N

roaches being eaten
DOTin
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dying from malaria dying fram bubonic plagus rat inmigration rate

migrating in

Good reason. The villagers had been dying from malaria—-a disease
spread by mosquitoes. And DOT kills mosquitoes!

Although deaths from malaria were meager compared to the death
threat posed by bubonic plague, malaria, nonetheless, is a dreaded
disease and something had to be done. The problem was, no one
thought through the full implications of the "solution!”

And now, for the dead fish. ..

Diead
Fish
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DOT sprayed into huts
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Cockroach
Population
roaches being eaten
OOT in

Cockroaches

DOT into roaches

DOT into geckoes

from roaches
DOT in DOOT into peckoes
DOT into caterpillars. Caterpilars from caterpillars
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ing DDT ing off
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into the rivers when it rained. N
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dying from malaria

mosquitoes dying Mesquite

Humnan

Populaticn dying from bubonic plague

from DOT Populaticn
Rats in
\illages
migrating in
spraying DOT running off
— — And when it did, fish died!
Ground Rivers )
So, that's how bubonic
plague, falling roof beams
fh and dead fish are related!
death rate
S —
Dead Cockroach
Fish Populaticn

fish dying

DOT sprayed into huts
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DOT on DOTin Something interesting
Ground Rivers happened next...
fish
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The Learning Organization

Personal mastery
Mental models
Shared vision

QW3R SEAg

Team learning

Al S

Systems thinking
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Systems Thinking

Conclusions:
* Inclusion of local expertise

* Inclusion of a variety of
disciplines

» Systems view, stocks and flows
 Structural solutions

e Qualitative model

* AND: “All we need is a pencil”

36



System Dynamics

Developing a mathematical model
Simulation of the model in time via computer

CC-AT 2025 Landing Page: https://bit.ly/fab25-sdgs

37



Mathematical model

The Nature of
Mathematical
Modeling

NEIL GERSHENFELD

Introduction

specific —<«— == general

model . first-principles
estimation " models
numerical < >  analytical
stochastic < > deterministic
MiCroscopic <€ > mMacroscopic
discrete <« >  continuous
qualitative « > quantitative

Figure 1.1. Some levels of description for mathematical model building.
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Industrial dynamics

A CUSTOMER-PRODUCER-EMPLOYMENT CASE STUDY

Input
Section

7.6

Orders

(independent”
input )

Customer
ordering
Section 17.4.7

7 Labor
) Delivery-delay Section 17.4.5
/" \ information

Delivery-delay
quotation
Section 17.46
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Section 17.4.3
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i
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/ tilling ’// : y \
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Inventory
reorder
Section 17.4.2

flow
Section 17.4.8

Average
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Material
ordering
Section 17.4.4

=

-
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Figure 17-5 Subdivisions of the model, interconnections, and sections where described.
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Urban Dynamics
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Figure A-1  Underemployed sector.
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Cybernetics

_
ELECTRIC 6

POWER

FRUIT SELECTION
RECEPTION & PEELING
2 9 BOILER
(e
1
By
S a
5
CANS WAREHOUSE c
CANNING COOKING 3
3 LINE PACKING =
c 34
v) 4
s
6 S = SUPPLIER
C= CUSTOMER
SUGAR STORAGE
4
& J
o
A 3
Sg
7
BOXES & Fig. 9 - EXAMPLE OF A QUANTIFIED FLOW-CHART
LABELS OF THE PRODUCTION LINE IN A CANNING PLANT
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Simulation of the mathematical model

Software Method

* DYNAMO programming * Numerical simulation
language DT maybe varied

* Stella

* iThink

* VenSim

* General purpose languages like
Basic, Python, etc.



CC-AT 2025

A report for The CLUB OF ROME’s project
on the predicament of mankind

GROWTH

 Dennis and Donella Meadows et
al. 1972

* Scientific report: The Limits to
Growth in a Finite World
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World3 DYNAMO Diagram - 1 World3 DYNAMO Diagram - 2
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X, CBR=B,CPR=0

F, POP=P, PPOLX

=R, 10PC=1,FPC=

NRFR

Figure 7-7 Run 7-6A: World3 reference run
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This is the World3 reference run, to be compared with the sensitivity and
policy tests that follow. Both population POP and industrial output per
capita IOPC grow beyond sustainable levels and subsequently decline. The
cause of their decline is traceable to the depletion of nonrenewable re-
sources. Runs 7-6B and 7-6C illustrate the mechanisms that force popula-
tion POP and industrial output per capita IOPC to decline.

* Global Standard Run
e 1900-2100
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System Dynamics

Conclusion

* Mathematical model
* Non-lineair, continuous, numeric
* Needs to be validated, especially behaviour in extreme conditions

* Once a model has been validated:
e Study its behaviour over time
* Study its behaviour under changing assumptions
e Counterintuitive behaviour
* Distinction between symptom control and structural solutions
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Gaming/Simulation

Combination of a computer simulation with a (non-computer gaming)

CC-AT 2025



Game

e Stand-alone or integrated with
simulation model

* Frame Game
e Chain Game

CC-AT 2025



Gaming/Simulation

Conclusion

* To create a living lab to study the game participants
* To communicate a complex message to particpants
* To train participants in new skills

* To let participants explore new policies



Follow-up




Thank You!

These slides plus references and links will be added to
our landing page at

https://bit.ly/fab25-sdgs

Pieter van der Hijden (pvdh@sofos.nl)

Global Working Group “Fab Labs and UN Sustainable Development Goals (SDGs)”
Pieter van der Hijden (coordinator) (The Netherlands & Suriname), Enrico Bassi (Italy), Adriana Cabrera (Germany), Vaneza Caycho Nuflo (Peru),
Nagwa EINwishy (Egypt), Neville Govender (South Africa), Ted Hung (Taiwan), Arundhati Jadhav (India), Beno Juarez (Peru), Yogesh Kulkarni
(India), Noksy Letsoalo (South Africa), Lucia Lucas (Spain), Jean-Baptiste Natali (New Zealand), Mess Wright (USA)
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