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Plan

Part I – Representation Represented
Genersal observations about the concept 
of representation and its relevance in 
scientific modelling.

Part II – Interpreting Mathematical Models
A brief history of how we interpret 
models and of how an honorable tradtion 
can become a handicap when making 
probabilistic forecasts.



Take Home Messages

Part I – Representation Represented
Models are representations but not mirror 
images. 
One cannot simply assume that what 
happens in the model will also happen in 
reality – a model is not just a small version of 
the real thing.



Take Home Messages

Part II – Interpreting Mathematical Models
Probabilities calculted in the model can be 
very different from the probabilities in the 
world.
One can avoid serious mistakes – and 
fianancial losses! – by not being 
overconfident about one’s models. 
So especially for practioniers it is important 
not to be naïve about the power of models.



Part I 

Representation 
Represented



1. Point of Departure

Starting Point: Questions about a particular 
part or aspect of the world, the target 
system .

First reaction: make an experiment! Just 
manipulate the system and see what 
happens.

This is a sound methodology, but ... 



... making experiments is not always possible: 
• Target too far away (e.g. stars)
• Target too large to intervene effectively 

(e.g. the solar system)
• Inteventions impossible due to the nature of 

the system (e.g. stock market)
• Interventions ethically irresponsible (e.g. 

heart function)
Or any combination of these (e.g. climate!) 



Reaction: build a model of the system. 

We can then study the model in order to 
learn about the models target. 

For instance we study the model of the solar 
system in order to learn about the solar 
system itself. 

Why can we do that? What about is it about 
models that allows us to do this? 
Answer: Models are representations of 
their target systems!



2. Representation?

What does it mean for X to represent Y?

That is, what are we asserting when we say 
that a model represents its target system? 

To understand how models work it is 
essential to understand representation!

Warning: there are pitfalls! 



Popular view: Representation = Mirroring



Popular view: Representation = Mirroring

Definition: 

X represents Y if, and 
only if X is a mirror 
image of Y. 

Different formulations:

- Similarity
- Mimicry 

- Isomorphism



Modelling as mirroring: 



Modelling as mirroring: 



Modelling as mirroring: 



Modelling as mirroring: 



Problem: 
This account of representation is wrong, and 
seriously misleading!

Representation � Mirroring

Plan: show counterexamples, first from art, 
then from science. 



Notice: Mirror images is alike:



Notice: Mirror images is alike:



Notice: Mirror images is alike:



Mont Sainte Victoire: Photograph



Mont Sainte Victoire: Photograph



Mont Sainte Victoire: Marsden Hartley



Mont Sainte Victoire: Gregory Kardoo



Mont Sainte Victoire: Mark Tansey



Mont Sainte Victoire: Van Gogh



Mont Sainte Victoire: Jonathan Lewis



Moral: 
All these picture are very different, yet they 
represent the same object, namely Mont 
Saint Victoire.

So they are not mirror images, but they are 
representations!

And what is more: They warrant different 
inferences, and failure to take this into 
account can lead to serious mistakes!



Example 1:

Mirror theory of rep:

The mountain is pink 
and blue.

But it isn’t!



Example 2:

Mirror theory of rep:

The mountain is square 
and has vertical stripes. 

No, this is wrong! 



The same is true for scientific representation!

An abundance of representational kinds and 
strategies is not a prerogative of the fine arts!



Example: Models of the nucleus

Liquid Drop Model            Shell Model



Possible error:

The model 
represents the 
nucleus as a drop of 
a liquid. But we must 
not infer that a real 
nucleus is a drop of 
a liquid. It isn’t! 



Moral:

Also in Science: Representation � Mirroring 

Don’t just assume the model is small version 
of the real thing! So be careful to pay 
attenention to how models represent!

Not all models represent in the same way, 
and we have to distinguish carefully 
between properties we can “read off” from 
the model and ones we cannot. 



Virgina Woolf: “Art is not a copy of the world; 
one of the damn things is enough.”

We add: “Science is not a copy of the world 
either.”



Part II 

Interpreting Mathematical 
Models –

From Glory to Gloom and 
Back Again



Newtonian Models



Idealising Assumptions

Perfect geometrical sphere



Idealising Assumptions

Perfect geometrical sphere



Idealising Assumptions

Perfect geometrical sphere

Only 
Gravitational 
interaction 
between 
these two 



On the basis of these idealisations we can 
formulate the equation of motion of a planet.

From this equation it follows that the ideal 
spheres we take to stand for the planets
move on elliptical orbits. 

Question: What follows from this about the 
trajectories of real planets? 



How to interpret this model? 

Newton’s answer: If the objects in the model 
are roughly like the real objects, then the 
behaviour of the objects in the model is 
roughly like the behaviour of the real objects. 

Call this the like-for-like rule . 

(This is as close to mirroring as one can get, 
but it is not mirroring.)



This rule has been a successful in many 
modelling contexts for a long time, and still 
is the – usually unacknowledged –
background philosophy of modellers. 

It is highly successful, for instance, when 
predicting solar eclipses. 

So if you want to sell insurances against the 
effects of eclipses the model is a good tool!



Initial conditions and Chaos 



Main insight: 

The like-for-like rule does not apply to initial 
conditions if a system’s equations are non-
linear. 
(“Sensitive dependence on initial conditions”)





Time



Time



Like-for-like:

Time



Like-for-like:                    Chaos:

Time



Like-for-like:                    Chaos:

Time



Upshot

Even the slightest difference in the initial 
condition can make a huge difference to the 
outcome!



Consequence:

But: we never know exact initial conditions 
of real systems!!!

You can’t calculate exact trajectories in the 
model and then expect to see objects in the 
world move on these trajectories! 

So the like-for-like rule fails!

� ??? What shall we do ???



Common move:

If we can’t have exact initial conditions, then 
work with a distribution: replace points by 
probability density: 



Dynamics: Move the probability distribution 
forward in time!

That is: Instead of

Time



Dynamics: Move the probability distribution 
forward in time!

That is: Instead of ……… do that: 

Time



Idea behind this move: 

The like-for-like principle applies to 
probability distributions.

In more detail: 
If the model is roughly like target, then the 
distributions that the model provides are 
roughly like the distributions in the world. 



But does it really?



No, it doesn’t!



Taking Model Error Serious

If the model is only slightly wrong, the 
probabilities it provides can be probabilities 
can be totally wrong!



Example: Population of Fish 

Logistic Map: 

Nt+1 = 4 Nt(1- Nt)

Number of 
fish at time t



Example: Population of Fish 

Model: 

Nt+1 = 4 Nt(1- Nt)

Number of 
fish at time t

Number of fish 

at time t + 1



Nt

Nt+1



Fictional scenario:

We have built a model for the population of 
fish and now God whispers into our ear what 
the real functional dependence is:

Model: Nt+1 = R Nt(1- Nt)

World: Nt+1 = R Nt(1- Nt) + � (Nt
3 + Nt

4)

Very very small! 





So we got it almost right!

And therefore: the probability distributions 
that in the model are almost the same as the 
probability distributions in the world, and 
hence can be used as a reliable guide to 
action. 



Wrong!



Remember:  

Time



Remember:  

Time
Time ?



After 2 time steps:

(Thanks to Reason Machete)



After 4 time steps

(Thanks to Reason Machete)



After 8 time steps



Betting: “Black” against “Green”

� Coin tossing: heads or tails



Reading off probabilities: 

Model: p(black) » 1, p(green) » 0

System: p(black) » 0.1, p(green) » 0.9



Consequence:

In the model , the odds in favour of black 
are:

o(black)= p(black)/[1-p(black)] ® ¥

Hence, on the basis of your model you 
should be willing to accept any bet for black!
But the real odds are 1:9! 

So if you bet according to the model odds 
you are losing money big time!



Upshot:

In practice you can avoid great losses if you 
are not overconfident about your models.

This is warning against a naïve use of and 
naïve trust in models! 

So in particular practitioners should use 
models with some care. 



Question 1:

How can we tell the difference between 
models that allow for practice-relevant 
probability forecasts and ones the don’t? 

This is an open question!

Hypothesis: chaos is to blame … but why? 



Question 2:

What do we do if such forecasts are not 
possible? Of what practical relevance are 
such models? What kind of forecasts do 
they make?  

This is an open question too!

Hypothesis: use non-probabilistic odds.



Notice:

Although these are theoretical questions, 
they are of central importance to a sensible 
and responsible use of models in practice.

“There is nothing more practical than a good 
theory”

So we need to worry about these issues …



… and this is one of the aims of the Munich 
Re Programme. 



Thank you!



Thank you!



Thank you!
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A better view of representation:

A model M is an object with properties that 
we can investigate. M then represents target 
T iff: 
(1) M refers to T.
(2) M comes with a key K specifying how 
facts about M are to be translated into 
claims about Y. 

The important elements here are the keys!



Notice:

Keys can rely on similarity, but they need not! 
Examples:
- Painting: Replace a colour by its 

complementary colour (i.e. if you see a blue 
mountain you have to infer that the 
mountain is yellow). 

- Science: Replace Continuous by discrete 
quantities. 



Where do we get keys from?

There is no simple and quick answer, and 
each model may have a different key. It is 
for science to give them to us. 

This is just an invitation to pay attention to 
these matters, and not get caught in a 
simple mirror theory of representation. 



Idealising Assumptions

Perfect geometrical sphere No interaction between 
these two

Only 
Gravitational 
interaction 
between 
these two 



Idealising Assumptions

Perfect geometrical sphere No interaction between 
these two

… and these

Only 
Gravitational 
interaction 
between 
these two 



Idealising Assumptions

Perfect geometrical sphere No interaction between 
these two

… and these

Etc. 
Only 
Gravitational 
interaction 
between 
these two 


