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CSC2720: Systems Thinking
for Global Problems

- Last Week:

% Two types of feedback loop
% Case study: feedbacks in the climate system

- This Week:
% Limits to Growth and the World3 Model
% Overshoot and Collapse
%, Exponential Growth
% Systems as Stocks and Flows
% Accumulation
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Limits to Growth
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Limits to Growth

- Club of Rome formed 1968

% Founders: Aurelio Peccei and Alexander King

- “Predicament of Mankind” -> Global Problematique
%, Concept framed by: Hasan Ozbekhan, Erich Jantsch and Alexander Christakis

- “Limits to Growth” published 1972

%, Based on Jay Forrester’s Systems Dynamics

% Study by Donella Meadows, Jorgen Randers and Dennis Meadows
% Updates:

& “Beyond the Limits to Growth”, 1992

% “Limits to Growth: the 30-year Update” 2004
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Key ideas

- Finite planet has a “carrying capacity”
% Growth of Population x ecological footprint will exceed it
% This happened sometime in the 1980s
% Reduction is inevitable; can be managed or can be collapse

- There are limits on stocks...
% E.g. resources such as oil, coal, scarce minerals
% E.g. pollution sinks, such as CO2 in the atmosphere
% (In the past, we’ve been good at finding substitutions...)

- ...but the important limits are on flows
% E.g. Rate at which we can grow food, recycle waste, etc.
% E.g. Rate at which we can transition to alternative technologies
% Hence, population can overshoot carrying capacity

-» People often deny a limit has been reached until after a
collapse

% E.g. Dotcom “bubble”; banking crisis of 2007;
% E.g. Economic inequality? Climate change?
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The World3 Model
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Play with it at: http://insightmaker.com/insight/1954
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STABILISED SCENARIO

In some cases
limiting growth
resultedin
the system
stabilising
rather than
crashing. But
nowadays no
realistic
assumptions
produce this
outcome

—
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Limits to Growth - review

RESOURCES

Actual data

DEATHS

ZSee: Turner, G. M. (2008). A comparison
f The Limits to Growth with 30 years of

creality. Global Environmental Change,
2100 18(3),397-411.

POLLUTION
1900
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| How is overshoot possible?

What happens if you spend more
than you earn each year?

What happens if a farmer uses more
water than falls in rain each year?

What happens if we produce
more CO2 each year than the
soils and oceans can absorb?
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Number of Earths
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Overshoot degrades capacity

A

3 Carrying Capacity
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i Paper Folding

-» After 4 folds, 1 cm thick

- How thick after 29 more folds?

Thickness (km) Thickness (km)
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Moore’s Law: Fastest Supercomputers By Year

100 PetaFlops Sunway Taihulight (Wuxi, China)
NUDT Tianhe-2 (Guangzhou, China)
Fujitsu K computer (RIKEN, Kobe, Japan)
10 PetaFlops
P Tianhe-IA (National Supercomputing Centre, Tianjin, China) M sequoia
Cray Jaguar (Oak Ridge National Labs, Tennessee, USA) (LLNL)
1 PetaFlops v aguar (Oak Ridg ) BM Roadrunner

100 TeraFlops

10 TeraFlops

(Los Alamos)
1BM Blue Gene/L|
1BM Blue Gene/L|
1BM Blue Gene/L|
1BM Blue Gene/L|

NEC Earth Simulator (Yokohama, Japan)
Hitachi/Tsukuba (University of...

Fujitsu Numerical Wind Tunnel (National Aerospace Lab, Tokyo, Japan)

1 TeraFlops NEC SX-3/44R (NEC, Tokyo, Japan) BRI ST WEe (R 0o
10061 Cray-2/8 (LLNL, California, USA) Intel ASCI Red/9632
igaFlops Cray X-MP/4 (Los Alamos, New Mexico, USA) Intel ASCI Red/9152
) Intel Paragon XP/S 140
10 GigaFlops Cray-1 (Los Alamos, New Quadrics APE 100 (INFN, Rome, Italy)
1 GigaFlops Mexico, USA) ETA10-G/8 (Florida State University, USA)

100 MegaFlops

10 MegaFlops

Burroughs ILLIAC IV (NASA
Ames, California, USA)

M-13 (Moscow, USSR)
CDC Cyber 205 (multiple sites worldwide)
CDC STAR-100 (2 sites: LLNL & NASA Langley, US)
CDC 7600 (multiple sites i the US, incl. NCAR and LLNL)

1 MegaFlops CDC 6600 (LLNL, California, USA)
100 KiloFlops 1BM 7030 "Stretch" (Los Alamos, New Mexico, USA)
10 KiloFlops UNIVAC LARC (LLNL, California, USA)
1 KiloFlops IBM AN/FSQ-7 (Multiple US Air Force sites) .
MIT TX-0 (Massachusetts, USA) Trendline since 1960:
100 Flops Doubling in speed every 1.48 years
10 Flops
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Understanding Exponential Growth
World's Capacity for Digital Data Storage
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Understanding Exponential Growth

World's Capacity for Digital Data Storage

8
7
—6
M
4
s
)
&5
-] 2014
]
o
Z4a
S
®
g
o3
T
o
i
2
1
0 -
N O DO NMTWNLON®ONDO HANMNTNONRDO A N®T D
B RBADDNND NN ND OO0 OO0 OO0 0D A A
DN NNDTNDNNDNNNNOOOOOOOOSSO0000 0
AFHH A A A A A A A A ANNNNNNNNNNNNN NS
Thi tion is available free for ial use with attribution under a creative commons license. 15

F@ University of Toronto Department of Computer Science

n

i Understanding Exponential Growth

World's Capacity for Digital Data Storage
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Can Moore’s Law continue forever?

I Faith no Moore
Selected predictions for the end of Moore's Law

1995 2000 2005 2010

1995
Gordon Moore, Intel @ — = — — = — — W 2005
1996
G. Dan Hutcheson, VLSI Research @ = = == = W 2003

Isaac Chuang, IBM Research

) Prediction Predicted
Cited reason: issued end date
W Economic limits I Technical limits [ DL DL L L] n

2015 2020 2025 2030

2003
Paolo Gargani, Intel @ = — = = = — == =~ = == = w2021
Lawrence Krauss, Case Western, 2004
and Glenn Starkman, CERN @ === = == === = === ———m——r
approx| 2600
2005
Gordon Moore, Intel @ = = = = = == I 7)15-25
2011
Michio Kaku, City College of NY | @ — == === — 202122
2013
Robert Colwell, DARPA; (fmr) Intel @ = = == = - 2020-22
2015
Sources: Press reports; The Economist Gordon Moore, Intel @ — — — = — — — I 2025
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Exponentials Everywhere!
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Steffen, W., Grinevald, J., Crutzen, P., & McNeill, J. (2011). The Anthropocene: conceptual
and historical perspectives. DOI: 10.1098/rsta.2010.0327
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Welcome to the Anthropocene
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Changing the Geological Record

| NATURE OF THE SIGNAL |
biological chemical mechanical
EXAMPLES OF EFFECTS

® extinctions * pollution ®increased

*® impairment = acidification erosion

of ecosystem = eutrophication * denudation

structure l of continents

SEDIMENTARY RECORD

* loss in biodiversity * presence of * artificial (anthropogenic)
of fossil record geochemical anomalies deposits

*® changes in isotopic ® novel strata
composition

* dominance of domestic
and farm animal fossils
over wild species fossils

25

Gatuszka, A., Migaszewski, Z. M., & Zalasiewicz, J. (2014). Assessing the Anthropocene with geochemical methods.
Geological Society, London, Special Publications, 395(1), 221-238.

* abundance of pollen

* stratal modifications
® carbonate gap
of cultivated plants
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Planetary Boundaries

Climate

Beyond zone of uncertainty (high risk)
M In zone of uncertainty (increasing risk)
Below boundary (safe)
B Boundary not yet quantified
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Daly’s Sustainability Conditions
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Doughnut Economics

climate
change
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See: Raworth, Kate (2017). contia W‘«:f;\g
Doughnut economics: seven ways to "Sion withd
think like a 21st century economist.
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1) Some curves that look
exponential are not!

2) Exponential growth cannot continue
forever
3) Predicting the peak of a growth curve is
really hard THE CLIMATE SYSTEM

(be suspicious of any precise predictions)
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Canada's GHG Emissions Reduction Targets
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Top-level stock and flow model

Heat from Infrared lost
the sun to space

Surface
temperature of
planet Earth
(heat energy)

Carbon
capture

Burning fossil
fuels

Greenhouse
Gases in the

Atmosphere

Reserves of
fossil fuels

Carbon Sinks

oceans, soils)

(forests,
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Stock-flow diagram of the Global Carbon Cycle
Numbers are in Gigatons of carbon (GtC) (reservoirs) or GtCly (flows)
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e The Climate Bathtub

q Emissions

CO, in the Atmosphere

INTERACTIVE Net Removals

Overall framing by Dr. John Sterman, MIT Sloan
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Systems Activity:

ACCUMULATE!
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i Leaving
|
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (minutes)
In the space below, graph the number of people in the store over the 30 minute interval
You do not need t0 specify numerical values. The dot at time zero shows the initial
number of people in the store.
2
2
@
®
£
s
}
Cronin, M., et al. (2009). Why don’t well-educated adults understand accumulation? A challenge to researchers, 1
educators, and citizens. Organizational Behavior & Human Decision Processes, 108(1), 116-130. 40

ﬁ? University of Toronto Department of Computer Science

Here’s the data
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Cronin, M., et al. (2009). Why don’t well-educated adults understand accumulation? A challenge to researchers,
educators, and citizens. Organizational Behavior & Human Decision Processes, 108(1), 116-130.
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Flow
I

Net flow > zero, Tises linearly
throughout. Stock rises at
increasing rate from initial
equilibrium.

Net flow is constant and < 0. Net flow is constant and > 0. Net flow < 0, rises linearly to 0 by
Stock falls linearly. Stock rises linearly. time 30. Stock falls at decreasing
rate, is constant at t=30

Correct Response
J—
[
i~

[ty Tt ey [y e s

Response Showing Correlation

Cronin, M., et al. (2009). Why don’t well-educated adults understand accumulation? A challenge to researchers,
educators, and citizens. Organizational Behavior & Human Decision Processes, 108(1), 116-130.
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Flows

Net flow 2 0, fals linearly to 0 by t
= 30. Stock rises at decreasing
rate, reaches equilibrium at t =
30.

[———

Correct Response

—

e
Net flow <0, rises to 0 at midpoint,
then falls. Stock falls at decreasing
rate, is flat at midpoint, then falls at
increasing rate.

=

Initially zero, net flow rises to max,
then falls. Stock follows s-shape
with inflection point at midpoint and
equilibrium at start and end.

Net flow 20, follows S-shape.
Stock starts in equilibrium, rises at
increasing rate until last few
minutes, where growth is linear.

—————

Response Showing Correlation

Cronin, M., et al. (2009). Why don’t well-educated adults understand
educators, and citizens. Organizational Behavior & Human Decision Processes, 108(1), 116-130.
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