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Johannes Kepler 
(1571-1630)

Kepler’s 2nd law of planetary motion



Sir Isaac Newton (1643-1727)

Newtonian gravity:
- A body moves in a straight 
line unless attracted by gravity
- A gravitational force changes 
the body’s velocity vector
- The gravitational force is 
inversely proportional to the 
square of the separation, and 
acts along the line between the 
bodies.
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The nature of prediction (part 1):
Given:

- A model governing the evolution of the system (Newton’s 
equations), and
- Sufficient information about the system at time t = 0

Predict:

- The state of the system at future time T
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The nature of prediction (part 1):
Given:

- A model governing the evolution of the system (Newton’s 
equations), and
- Sufficient information about the system at time t = 0

Predict:

- The state of the system at future time T
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�t = the small time upon which we can solve the model
= the “sufficient information” needed for predictioninitial condition
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“Backward” Euler (B)
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Newton’s method (C)

Obeys Kepler’s 2nd Law (Principia)
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Computing room of the 
Mathematisch Centrum 
(1951)

ARRA 1 - the first computer 
of the Netherlands (1952)

A. van Wijngaarden



�t = 1 month �t = 1 week

�t = 1 day
�t = 1 hour

The nature of prediction (part 2): error
“a day without error is a day without mathematics” - J.G. Verwer
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The nature of prediction (part 3): uncertainty
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Ten simulations of the Lorenz 
system with tiny errors in the 
initial condition:
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Just the variable ‘Z’ as a 
function of time.



Ten simulations of the Lorenz 
system with tiny errors in the 
initial condition:

Just the variable ‘Z’ as a 
function of time.

The same effect in a real 
climate simulation



Statistical distribution of ‘Z’



Statistical distribution of ‘Z’
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r = 28 b = 8/3 s = 10

X1 = X0 +�t s(Y0 �X0)

Y1 = Y0 +�t (rX0 �X0Z0 � Yn)

Z1 = D0 +�t (X0Y0 � bZ0)
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A consensus has emerged that “warming of the climate system is unequivocal” and the science is convincing that humans 
are the cause. Hence mitigation of the problem: stopping or slowing greenhouse gas emissions into the atmosphere is 
essential. The science is clear in this respect.

...

We will adapt to climate change. The question is whether it will be planned or not? How disruptive and how much loss of 
life will there be because we did not adequately plan for the climate changes that are already occurring?



In fact there are no predictions by IPCC at all. And there never have been...

Even if there were, the projections are based on model results that provide differences of the future climate relative to 
that today. None of the models used by IPCC are initialized to the observed state and none of the climate states in the 
models correspond even remotely to the current observed climate. In particular, the state of the oceans, sea ice, and soil 
moisture has no relationship to the observed state at any recent time in any of the IPCC models. There is neither an El 
Niño sequence nor any Pacific Decadal Oscillation that replicates the recent past; yet these are critical modes of variability 
that affect Pacific rim countries and beyond... I postulate that regional climate change is impossible to deal with properly 
unless the models are initialized.

The current projection method works to the extent it does because it utilizes differences from one time to another and the 
main model bias and systematic errors are thereby subtracted out. This assumes linearity ... 
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We will adapt to climate change. The question is whether it will be planned or not? How disruptive and how much loss of 
life will there be because we did not adequately plan for the climate changes that are already occurring?



r = 24.1   The statistics depends on the initial condition
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However, the science is not done because we do not have reliable or regional predictions of climate. But we need them. 
Indeed it is an imperative! So the science is just beginning. Beginning, that is, to face up to the challenge of building a 
climate information system that tracks the current climate and the agents of change, that initializes models and makes 
predictions, and that provides useful climate information on many time scales regionally and tailored to many sectoral 
needs.

...

Of course one can initialize a climate model, but a biased model will immediately drift back to the model climate and the 
predicted trends will then be wrong. Therefore the problem of overcoming this shortcoming, and facing up to initializing 
climate models means not only obtaining sufficient reliable observations of all aspects of the climate system, but also 
overcoming model biases. 



... Overcoming model biases
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“Those who have knowledge, don't predict.  Those 
who predict, don't have knowledge” - Lao Tsu


