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When you make an important decision, 

• to what extent do you base it on your expectation and 

• to what extent do you base it on your intention?
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Cassandra foresaw the 

destruction of Troy 

~ 1200 BC. 

She warned the Trojans 

about the Greeks hiding 

inside the Trojan Horse. 

However, no one believed her.
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Temple of Apollo at Delphi

Seat of The High Priestess, The Oracle of Delphi

7th century BC – 4th century AD
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Saros is a period of 222 lunar months 

(18 years, 11 days, 8 hours) discovered 

by neo-Babylonian astronomers in the 

last several centuries BC

Prediction of eclipses of the Moon
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Antikythera Mechanism

First known, ancient Greek 

analog computer used to 

predict astronomical 

positions and eclipses for 

calendar and astrological 

purposes 

~ 100 BC
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Isaac Newton, Philosophiæ Naturalis 

Principia Mathematica. 1687

• An object either remains at rest or 

continues to move at a constant velocity, 

unless acted upon by an external force. 

• The external force on an object is equal to 

the mass of that object multiplied by the 

acceleration of the object: 

force = mass * acceleration. 

• When one body exerts a force on a second 

body, the second body simultaneously 

exerts a force equal in magnitude and 

opposite in direction on the first body.

He introduced and used the methods of 

calculus to solve the problem of planetary 

motion.
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Pierre-Simon Laplace, Essai philosophique 

sur les probabilités. 1814

• An intellect which at a certain 

moment would know all forces that 

set nature in motion, and all positions 

of all items of which nature is 

composed, if this intellect were also 

vast enough to submit these data to 

analysis, it would embrace in a single 

formula the movements of the 

greatest bodies of the universe and 

those of the tiniest atom; 

• for such an intellect nothing would be 

uncertain and the future just like the 

past would be present before its eyes.
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Karl Marx, A Contribution to the Critique 

of Political Economy. 1859

• At a certain stage of development, the 

material productive forces of society 

come into conflict with the existing 

relations of production.

• Then begins an era of social 

revolution.

• In studying such transformations it is 

always necessary to distinguish 

between the material transformation 

of the economic conditions of 

production, which can be determined 

with the precision of natural science, 

and the ideological forms in which 

men become conscious of this conflict 

and fight it out. 
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Henri Poincaré, Sur le problème des trois corps 

et les équations de la dynamique. 1890

• The three-body problem is the 

problem of taking an initial set of 

data that specifies the positions, 

masses, and velocities of three bodies 

for some particular point in time and 

then determining the motions of the 

three bodies, in accordance with 

Newton's laws of motion.

• Henri Poincaré showed that there is 

no general analytical solution for the 

three-body problem.

• The motion of three bodies is 

generally non-repeating.
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Karl Popper, The Poverty of Historicism. 1945

• The course of human history is strongly 

influenced by the growth of human 

knowledge.

• We cannot predict the future growth of 

our scientific knowledge.

• We cannot, therefore, predict the future 

course of human history.

• This means that we must reject the 

possibility of a theoretical history; that 

is to say, of a historical social science 

that would correspond to theoretical 

physics. There can be no scientific 

theory of historical development serving 

as a basis for historical prediction.
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Garrett Hardin, Three classes of truth. 1961

• Always-reliable forecast: 

This forecast remains reliable no matter what 

anyone thinks or does about it. For example, 

there will be a total solar eclipse on May 1, 

2079 in United States, Canada and Greenland.

• Reliable-by-repetition forecast: 

This forecast is more likely to become reliable 

the more it’s said. The stock market is about 

to crash; there will be a recession next year; 

this film will be a blockbuster; that airline will 

go bankrupt. 

• Unreliable-by-repetition forecast: 

This forecast may become less reliable the 

more it’s said. There will be a stock market 

bubble next month; coming Sunday there will 

be major traffic congestion on Route xy.
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Edward Lorenz, Deterministic Nonperiodic Flow. 1963

• Two states differing by imperceptible amounts 

may eventually evolve into two considerably 

different states

• If, then, there is any error whatever in 

observing the present state – and in any real 

system such errors seem inevitable – an 

acceptable prediction of an instantaneous state 

in the distant future may well be impossible

• In view of the inevitable inaccuracy and 

incompleteness of weather observations, 

precise very-long-range forecasting would 

seem to be nonexistent.

• One flap of a sea gull's wings would be enough 

to alter the course of the weather forever.
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Donella & Dennis Meadows, The Limits to Growth. 1972 

• Analyzed 12 scenarios that 

showed different possible 

patterns – and environmental 

outcomes – of world 

development from 1900 to 2100

• Individual local action has global 

implications, but these do not 

correspond to the individual's 

time horizon and scope of action

• Driving force is exponential 

growth
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Thomas Schelling, Micromotives and 

Macrobehavior. 1978

• Shows how, in the context of 

segregation a social system’s 

macrobehavior emerges that is 

quite different to the 

micromotives of the individuals.
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Brian Arthur, Increasing Returns and Path Dependence 

in the Economy. 1994

• Outcomes are not predictable, 

problems might have more than 

one solution, and chance events 

might determine the future 

rather than be averaged away. 
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Ilya Prigogine & Isabelle Stengers, The End of Certainty: 

Time, Chaos and the New Laws of Nature. 1997

• Whatever we call reality, it is 

revealed to us only through the active 

construction in which we participate.

• Our hope arises from the knowledge 

that even small fluctuations may 

grow and change the overall 

structure. 

• As a result, individual activity is not 

doomed to insignificance
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Donella Meadows, Chicken Little, Cassandra, 

and the Real Wolf. 1999

• To Cassandra the god Apollo gave the 

ability to foresee the future, and then, after 

she displeased him, the terrible curse that 

no one would ever believe her. 

• If people had believed her, then Cassandra 

wouldn’t have been able to foretell the 

future, because action would have been 

taken to avoid foreseen disasters. 

• There is a basic contradiction between 

prediction and choice. 

• A predictable world has no room for 

choice; a choosable world is not predictable. 
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• The notion that longer term policy decisions can or 

should be based on accurate forecasts is a myth as 

accurate long-term predictions of social systems 

are impossible.

• In addition the Cassandra Paradox suggests that 

predictability and decidability are at odds with 

each other. 

• Unlike laws of natural science, 

agreements, norms, regulations and rules 

created by humans 

may be altered, extended or abrogated in any way 

we agree upon. 

October  2019                                                                                                     Decision and Forecast                                                                                                              - 20 -

Exponential Growth: 

Accelerating acceleration

Constant doubling time
Selected Variables

3 B Anzahl/Year

.4 1/Year

6 B Anzahl

1.5 B Anzahl/Year

.35 1/Year

3 B Anzahl

0 Anzahl/Year

.3 1/Year

0 Anzahl

1971 1977 1983 1989 1995 2001 2007 2013

Time (Year)

Jährlicher Zuwachs : Current Anzahl/Year

Steigerungsrate : Current 1/Year

Transistoren pro integriertem Schaltkreis : Current Anzahl
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Exponential growth I: Water lilies
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Do you prefer 

a) € 1 Million immediately in cash?

b) 1 Cent on your account with an interest rate of daily 100%, 

payable after 30 days?
Bestand

6 M

4.5 M

3 M

1.5 M

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Time (Day)

€

Bestand : Current

Exponential growth II
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What can you (not) derive from this?
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Austrian Energy Agency, Capital budgeting 

for heating systems 2019-2039

“Basic Assumptions” (Forecast 2019-2039) as basis for the ranking:

• Annual interest rate 2019-2039: 3% per year 

• Increase rate of investment goods prices 2019-2039: 3% per year

• Increase rate of energy prices 2019-2039: 3% per year for all 

energy sources starting with energy prices of September 2019

Rank Thermally not 

refurbished house

Thermally 

refurbished house

New building

1 Condensing boiler 

fueled by gas

Condensing boiler 

fueled by gas

Condensing boiler 

fueled by gas

2 Wood stove Air–water heat pump Air–water heat pump

3 Pellet stove Soil–water heat pump Soil–water heat pump

• What is problematic with this ranking of heating systems and why?

• On what criteria would you base your investment decision?
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Consequences of such Capital Budgeting Techniques

• Long term investment decisions do not take risks, externalities, 

and the time profiles of the various options into proper account.

• The volatile dependence on certain assumptions or on certain 

data is not known and thus not considered.
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Jeremy Grantham, Chief Investment Strategist, 

GMO LLC. 11 April 2019

• Sooner or later, there will 

be a carbon tax, and much 

of the market capitalization 

of the leading oil and gas 

companies will be erased. 

• You have a certainty. 

• It will happen. 

• Or we’ll be on our way to a 

failed civilization.


