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So far, we've looked at systems as elements + relationships.
And we've looked at relationships-as-rules (as in design systems)
and also at relationships-as-structure (as in networks).

Last week we began to talk about communication,
information flowing through a system.

Next, we distinguish explicitly between static and dynamic systems.
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A static system remains the same,
until the rules of the system change.
It has only one state.

A dynamic system may change,
within the rules of the system.
It has a range of possible states.

A dynamic system maintains itself —

it maintains the set of relationships that are the system —
even while “stocks™ flow through the structure.
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Key terms in systems dynamics;:
Stock

Flow

Source

Sink

Lag

Equilibrium
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“A stock is the foundation of any system. ...

the elements ... you can see, feel, count, or measure at any given time.

... an accumulation of material or information that has built up over time.

It may be the water in a bathtub, a population, the books in a bookstore,

the wood in a tree, the money in a bank, your own self-confidence.

A stock does not have to be physical. Your reserve of good will toward others
or your supply of hope that the world can be better are both stocks.”

— Donella Meadows
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“Stocks change over time through the actions of a flow.
Flows are filling and draining, births and deaths, purchases and sales,
growth and decay, deposits and withdrawals, successes and failures.

A stock, then, is the present memory of the history of changing flows within the system.”

— Donella Meadows
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Living systems must maintain dynamic equilibrium to survive.
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Fuel flows through engine.
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Dissipative systems, e.g., a standing wave or whirlpool
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A whirlwind or tornado







Water flows in from a source.
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Water may also flow out to a sink.
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Many sources may flow into one stock,
e.g., If the tub is outside, rain may also fall into It.

_
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And one stock may flow out to many sinks,
e.g., water in the tub will also evaporate into the air.

_
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The main source may be a tank, which itself has a prior source,
perhaps a water filtering plant.
There 1s no ultimate source; each source has a prior source.
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The main sink may be a sewer system, which itself has a subsequent
sink, perhaps a sewer water filtering plant.
There 1s no ultimate sink; each sink has a subsequent sink.

_
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One person’s source
may be another person’s sink.

People in Amsterdam

get much of their water
from the Rhine;

people upstream in Basel,
discharge their treated
sewer water into the Rhine.

Along the way, a drop of water may
travel through the cycle
several times.
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Water travels continuously through a cycle.
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Rain Clouds
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Carbon also travels through a cycle.
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The new language of carbon

CO, TO PLASTICS CO,TO SOIL

LIVING CARBON

CARBON NEGATIVE CARBON NEUTRAL CARBON POSITIVE

\ . 7= |
" FEUGITIVE CARBON DURABLE CARBON

©2016 WILLIAM McDONOUGH

Dubberly Design Office - SystemsTheory in Design—Systems Dynamics - 21 July 2020 21



The new language of carbon

Too much carbon in the atmosphere is damaging. Instead, it should be retained in durable forms such as plastic and wood or in
living organisms. Recycling materials and nurturing the soil ensure that carbon ends up in the right places in the right amounts.
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FUGITIVE CARBON

Has ended up somewhere unwanted and can be
toxic. It includes carbon dioxide released into the
atmosphere by burning fossil fuels, ‘waste to
energy’ plants, methane leaks, deforestation, much
industrial agriculture and urban development.
Plastic in the ocean is fugitive carbon.

WORKING CARBON is
put to human use.

Working fugitive carbon
includes fossil fuels.

CO, and
plastics
to the |
ocean T
) s :
{ methane

MANAGEMENT STRATEGIES

Actions that pollute the land, water and
atmosphere with various forms of carbon. For
example, releasing methane into the atmosphere
or plastic waste into the ocean is carbon negative.

enatre

Systems T Theory in Design—Systems Dynamics - 21 July 2020

CO, to plastics
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CARBON NEUTRAL

DURABLE CARBON

Locked in stable solids such as coal and
limestone, or in recyclable polymers that are
used and reused. It ranges from reusable
fibre, such as paper and cloth, to building
and infrastructure elements that can last for
generations and then be reused.

Working durable carbon
includes recycled and
reused materials.
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Actions that transform or maintain carbon in
durable earthbound forms and cycles for use
across generations; or renewable energy
such as solar, wind and hydropower that do
not release carbon.

Agriculture uses
working living

LIVING CARBON

Organic, flowing in biological cycles,
providing fresh food, healthy forests and
fertile soil. It is something we want to
cultivate and grow. Soil includes living carbon
in the form of fungi, microbes, humus,
legumes and grasses.

CO, to soil

CARBON POSITIVE

Actions that convert atmosphetric carbon to
forms that enhance soil nutrition or to durable
forms such as polymers and solid aggregates.
Also includes the recycling of carbon into soil
nutrients from organic materials, food waste,
compostable polymers and sewage.
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Sometimes large quantities can be tied up—

sequestered—

so that they are not traveling through the cycle.

Changing stock levels—

sequestering or releasing water or carbon—

affects the climate as ice or carbon dioxide interacts with the planet's
weather system.

Weather Carbon

Cycles Cycle
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The phrase cradle-to-cradle suggests we build products so that they
can be disassembled and recycled.

Manufacture

and Packaging
Minimize packaging
Encourage its re-use

Materials Distribution
Processing Minimize shipping distance
Avoid adding hazardous Manufacture close to point of use

chemicals so that materials
can be re-used

Replenishment Raw Materials Consumption
Ensure sources Sourcing and Use
are maintained Minimize new materials Enable repair
and continually Maximize recycled materials and upgrade
renewed
Disassembly and Disposal
Reprocessing Incent customers
Breakdown old.products not to throw “away”

Extract usable materials

Collection

Take-back products
and packages

Re-sell used products
Or reprocess
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Biosphere + technosphere

RENEWABLE RAINWATER
ENERGY
BIOLOGICAL Qp' TECHNICAL
NUTRIENTS NUTRIENTS
. RETURN TO
BACKTO SOIL INDUSTRY

LIVING
CARBON

DURABLE
CARBON

WATER AND

BIO-WASTE
PROCESSING -
TO FERTILIZER  SITE H,O
NFILTRATION ©2016 McDONOUGH INNOVATION
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For a given stock,
the rate of inflow and the rate of outflow may change;
we can open or close a valve.
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If ‘the rate of inflow’ < ‘the rate of outflow’,
the tub will drain.
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If “the rate of inflow’ > ‘the rate of outflow’,
the tub will reach capacity and overflow.
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Most bathrooms tubs include an overflow drain,
which automatically prevents spills.

|
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Man-made dams often include spillways to protect the dam from any
overflow that might weaken it.
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When ‘the rate of inflow’ = ‘the rate of outflow’,

the system is in dynamic equilibrium;

that is, the water level in the tub remains constant even though water is
flowing in and out.
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Dynamic equilibrium is a state of balance—
a resource that stays at the same level
even as It flows through a system.

:
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For almost 2,000 years, people have used float valves to automatically
reduce or shut off in-flow.

Float Valve Float Valve
Open i Closed
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Float valves are part of modern
toilets, automatically controlling
the water flowing into the storage
tank.
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Stocks-and-flows diagrams can be used to model many kinds of systems:
Populations

Production and sales of goods
Shipping
FInances
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Minard’s model of Napolean’s march on Moscow.

@arte (%Hrmej ded Jpectes dnccesdives nbommes Je L Xowmée cjz'aufctiéez dans fa Campagne— de ﬂml,e 812 ~1813.
Mressienpar N . Nlimad ) ﬂm.ajnm W 2es Lowts er— Chaussies en relraite -,
T Earis ,Ae 20 ovembre 18 6:9.
[if MO‘I«EZL&’ 35ﬂom4ued Fu;nul‘é ,dom-/rerzédmuéd rw/ﬂv‘i/ﬂv@m des ggm mﬁ:ﬁ’c&’ a naidond wi- millimelce Fm-ﬂix:mlﬂibx%mmﬁd; tfa SJomwi— de PEWS ek’ en braversd %MOSCOU
des Koued . L_.A’oujer 3&%%&0 ,Emmm_q:ﬁ/mﬁtm_xm. ‘.lef;..j femoir cenac-quis endotkemi—s —__ Sos emses enld T.w omdowis & dtesoer Mo carle. um...ékiflmi.de’d.a 2
- U ] P ]
dams fes owvzages de . Chiers 5 dc.cj%yfﬂj' a':,ﬁzmdacf de_ C%amﬁrqy e.l.f,bg'owtmf edu-—de Jaﬁﬂl{: r&mmapﬁ'mum,a wis Lo 28 Oclobice .
gout wieuac %wl:b 31;3@{/5/ f'wif//fwaiumcuﬁm/-aaj’mu&-} J’a&ﬁwméxquw corps o Lrince Jeromeer—du Marichal mMpmwT& avaiew—cle. tachis swe IlGusk
et Mobifow er—omi—Lejoin—vers Owcha u Witehsk., avaiews—towjouts wanche avec N armee .
[ 22.000 =
6.000] o
d Polotzk
‘ t?
Gloubokoe &
g g %‘% Witebok -
ﬂ\&\ e $ .3‘.'5' Do ouge
Kowno Wilra Smolensic .
aq,uﬂﬂ %
= Or: -
Smorgoni = -
g § .: =] 5
o _3; i = ; :% Prva : .§’ ?% Ligries communes de Franee (Gorle de M de Fozensac:)
§ ) & lﬁﬂﬁf’ P T B TR .
Studtenske %
Mokilow
I {fl!"m.rk
TABLEAU CRAPHIQUE della températute en degies d thermomélre de Reaumur au dessous de zéro .
; Zérole 18 8™
[ Pluie 24 87 +*
Les Cosagues passent aw galop = S Eoe e i - —_— 10
le Nitmen: gele . -1 Mles 9. 15
S - S 20
750" le 28 9" of T 14 9™ 25
er bre ’ ) e * -+
—26% 7 X : -*””’:fﬂh LA, - : 30 digrés
— 30. le 6 X.
Autog. par Regnier, 8. Pas. S Marie St G¥™d Parcs.

Dubberly Design Office - SystemsTheory in Design—Systems Dynamics - 21 July 2020

Imp. Lith. Rym'«- ot Dourdet .

36



International airports.

R
A5

£

Flight density between

AR
Rate—

g s Il DTN

o

iy

e i

% i
Sy =
SELE A s =

2.

&y

i

37

21 July 2020

- Systems Theory in Design—Systems Dynamics

Dubberly Design Office



Stocks and flows can be represented in a number of visual forms.

rain
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water in
reservoir

evaporation
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Stocks and flows can also be represented mathematically and in
computer simulations.
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The MONIAC or Phillips Hydraulic
Computer represents the UK

economy with stocks and flows of
water.
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Living systems also form growth loops or virtuous cycles;
adults beget children who may become adults.

N

Adults Children

N
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Without constraints, s
growth loops will

Dubberly Design Office - SystemsTheory in Design—Systems Dynamics

as predators, disease, or food shortages,

use populations to explode.

- 21 July 2020
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Mature ecosystems reach points of dynamic equilibrium;
populations remain stable—
the number of births = the number of deaths.

_
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Disturbances from outside the system may throw it out of balance and
result in a new, much different point of equilibrium,
often with drastic consequences for existing population stocks.

e _
m%

Increasing Erosion

Decreasing Erosion
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Interest paid on stocks of money also form a growth loop;
capital leads to more capital.

N

Capital Capital

N
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Likewise debt can lead to more debt,
forming a collapse loop or vicious cycle.

N

Debt Debt

N
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Speculative bubble inflate in a similar way;
a price rise leads to expectations of further rises,
which lead to buying, which leads to price rises.

Price rise
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Bubbles crash
as expectations of price declines lead to selling,
which leads to price declines, reinforcing expectations.
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A recession reduces tax revenue,

which may reduce government spending,
which further weakens the economy, creating a collapse loop, e.g., the
Great Depression. — &

Weak economy
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Keynes showed that increasing government spending during a
recession (by taking on debt) can improve the economy, which avoids a
collapse and puts the system back into balance.

As the economy improves, tax revenues increase, and government debt

can be paid down.

Conventional Wisdom

Economic Tax > Government |
r Activity Revenue Spending

Keynesian Theory

Economic Tax Government Government |
r Activity Revenue Debt Spending
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How might we model COVID-19?
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As a chain reaction —
One person infects 2 or 3 people, and they each infect 2 or 3 people.

® > @ >e ————  mEN

3°=1 3'=3 32=9 33=27 3"
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Why outbreaks like coronavirus spread exponentially,
and how to “flatten the curve”, The Washington Post, Harry Stevens
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As a bell curve —
The infection rate grows exponentially, slows, and then declines
as everyone Is infected.

A\ 4

new infection over time
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As simple stocks and flows —
Susceptible people become infected people.

susceptible people

Infected people
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In the language of causal loop diagrams —
Vulnerable people become infected people,
and infected people lead to more infected people.

vulnerable people Infected people
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And how do infected people create more infected people?
The answer is mainly by contact.

vulnerable people contact occurrences Infected people
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Eventually, infected people recover (hopefully with immunity) or they die.

dead

/ Peope

vulnerable _ contact _infected recovered
people " occurrences " people > people

NS
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And how might we “flatten the curve” (and reduce deaths)?
The answer i1s mainly by reducing contacts —
e.g., quarantining infected people.

dead
people

vulnerable contact infected recovered
people occurrences people people
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But then why do we “shelter-at-home”?
Because it's not (yet) possible to identify infected people
hefore they start transmitting the disease.

dead
people

vulnerable contact infected symptomatic recovered
people occurrences people people people

X
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How long will COVID-19 survivors retain immunity?

dead

/ people

vulnerable contact infected symptomatic recovered
people ? occurrences 5 people 5 people ” people

Sx
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SEIR Model from Epidemiology

-

-

Susceptible

~

/

Exposed

Credit: https://web.stanford.edu/~ashishg/msande433/India_Model/india_model/report.html
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Nature-Medicine: “Modeling the COVID-19 epidemic and
implementation of population-wide interventions in Italy”

S I D
INFECTED y . DIAGNOSED
Diagnosis
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HEALED < Symptomatic $  Symptomatic
¢ 7] i
infected, infected,
undetected detected
Critical
P £ o v lCriticaI
u
Heali
ealing -

THREATENED
Acutely
= symptomatic
infected,
S ==, detected

EXTINCT <

Credit: https://www.nature.com/articles/s41591-020-0883-7/figures/1
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Stanford: “A COVID-19 System Dynamics Model
for the Indian Government”
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A model from “The Lancet™: “A systems approach to preventing and
responding to COVID-19"

Number of .
- Public Performance of
Suscepiibie Feople _— Protective Behaviours T“‘“»-._
+'. N \\'. _..___.--"'--_ B B _-_"'--.___ __.-ﬂ"ﬁ_; /,ff 1-‘. Hhx
Nty g Pogs ! ~ \ ™.
Transmission / \ R
Events \ ,,a——%_\ .
/ + /! \ g Effectiveness of Public
: \ | \ : \ Health Risk
Risk of Transmission _ 5 A \ / * Communication
from Environment Risk of Transmission ¥ Public fﬁ +\(
Frequency of "'t per Interpersonal h + Awareness /] \
Interpersonal | | Contact Public \
Contacts  —— | ¥ +h Perceived Risk '
F| | Environmental | +d b+ II
||' - '. Contamination TH“H | foA
+4 Frequency and / / /I
‘ / Effectiveness of ) f . /
/ Environmental Cleaning / / / \+ /
|| N, - / ! ﬁ'h / i’
\ B / + / \ +.l‘ - Trust in
\ A . / Public { _P___d__--F-.uthurities
\ Number of P N4 Outrage™——— +*
Infectious People -~ Perceived Number +
\ Y T of Infectious People \ !
Number and Effectiveness e ST \ /
of Policies to Reduce o | 5 /
Interpersonal Contacts - ' \  Novelty b soone b o
Number of Cases - + \ Tuuthn;it:g o
Detected _ + ~ Mumber of Cases detected I
~ s SRR through Case-finding and +J;
H"“HR e Contact-tracing __Stigma
— - — " il

Credit: https://www.thelancet.com/journals/eclinm/article/P11S2589-5370(20)30069-9/fulltext#articleInformation

Dubberly Design Office - SystemsTheory in Design—Systems Dynamics

-+ 21 July 2020

65



Special thanks to
Jamie lkeda
Wilson Wu

hugh@dubberly.com

Presentation posted at
systems.dubberly.com/systems_dynamics_20200720.pdf



