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X = −σ X +σY
Y = −XZ + rX −Y
Z = XY −bZ

Lorenz (1963) 
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Y = −XZ + rX −Y
Z = XY −bZ



The Lorenz Attractor
“We see that each surface is really a pair of surfaces, so 
that when they appear to merge, there are really four 

surfaces. Continuing this process for another circuit, we 
see there are really eight surfaces, etc, and we finally 
conclude that there is an infinite complex of surfaces , 

each extremely close to one or the other of two 
merging surfaces”. Lorenz  1963. 

Only proven rigorously in 1999. 

Georg CantorCantor Set 𝐶 = ⋂!𝐶!



Abraham and Shaw, 1984

The Essential Idea: Stretch and Fold

Rössler Attractor



The Butterfly Effect

Boring! We all know this. 



Leading Singular Value of Lorenz (1963) – leading eigenvalue of symmetrised Jacobian 
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Growth of small 
perturbations depends on 𝑋.



The scientific 
basis for 

ensemble 
weather 

prediction



Dynamical Core Deterministic 
Parametrisations 
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A Traditional 
Weather/Climate Model



October 87 “Michael Fish” Storm: 
Very Unpredictable – Very Chaotic!

Ensemble of 50 forecasts with slightly different initial conditions. 

Probability of hurricane-
force gusts on October 

16th 1987

D+2.5 days

“I mean if you can’t forecast the worst storms for several 
centuries – three hours before they happen – what are 

you doing?” Michael Buerk. 16 October 1987. 
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Cyclone Sidr
(very predictable).

Hurricane Katrina
(averagely predictable).

Hurricane Nadine
(very unpredictable).

c. 7-day Predictions of Tropical Cyclones

Take anticipatory action only when the probability of extreme weather exceeds a 
predefined threshold – Anticipatory Action is now saving lives around the world



What evolution equation do these probability distributions satisfy?

It is the Liouville Equation

𝜕𝜚
𝜕𝑡
+ ∇. 𝑣𝜌 = 0

or

𝜕𝜌
𝜕𝑡 = 𝐻, 𝜚

for a Hamiltonian system. 

The Liouville equation is linear because it 
describes conservation of probability. 

The linearity of the Liouville equation says 
nothing about the nonlinearity of the dynamical 
system from which the probabilities are 
generated. 
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Dynamical Core 
Stochastic 

Parametrisations 
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(1+ r)P(Xtr;α )

Buizza, Miller, Palmer, 1999; 
Palmer, 2001

A Stochastic 
Weather/Climate Model



Dorrington, 2022

Adding noise to the Lorenz model stabilizes quasi-stationary regimes. 

2. Adding noise to a nonlinear system can sharpen 
it, rather than blur it!



X

Y

3. “Climate change” in 
the Lorenz Model. The forcing does not shift the climate pdf, but 

instead increases the likelihood of one regime, 
decreases the likelihood of the other. 

Palmer, 1998



A  forcing towards a 
warmer state could lead 

to cooling. 

A conceptual model of the response to forcing in a nonlinear system

warm

coldwarm

cold

System is most susceptible to 
external forcing when it is in the 

unstable part of the attractor. 

Predicting the  impact of climate change reliably depends 
critically on modelling the climate attractor accurately. 

Palmer, Weisheimer, 2018



Obs Sea surface 
Temp Trend

One of the most important chaotic modes of climate variability is the El Nino/Southern 
Oscillation (ENSO).  ENSO affects weather around the globe. 

Predicted  Temp 
Trend from IPCC-
class models

Current climate models’ simulations 
of ENSO variability are poor (with 

many systematic errors). As a result, 
we are not predicting the impact of 
climate change on ENSO correctly. 
This is almost certainly because of 

inadequate model resolution – Kang 
et al 2026. 

As a result, we can currently say little 
with confidence about climate 

change at the regional level  (in terms 
of rainfall, wind patterns etc) around 

the globe. What to do?



X = −σ X +σY
Y = −XZ + rX −Y
Z = XY −bZ

Great 20th Century Mathematicians



Two Great Theorems of 20th Century Mathematics 

The set of mathematical truths is much larger than those 
provable by algorithms.

The equation 𝑥$ + 𝑦$ = 𝑧$	has no solutions in positive integers if 𝑛 > 2.



20th Century Maths and its relation to fractal geometry 

Wiles’ proof of FLT uses the fact that there are two ways to 
complete (Cauchy sequences of) rational numbers: with 
the Euclidean metric (real numbers) or with the p-adic 
metric (p-adic numbers).

Uncomputable problems such as 
Hilbert’s Entscheidungsproblem 
can be reformulated in terms of 
geometric properties of fractal 
attractors like Lorenz (1963). Simant Dube (1993)

4.

5.



Can add, subtract, multiply and divide on C using 2-adic numbers ∈ ℤ-, 
e.g., ⋯011.+	⋯111.= 	⋯010.	 Can’t do this with real numbers ∈ ℝ.

Irrational reals (like 2, 𝜋, 𝑒) are infinitely far from the rational numbers in the 
p-adic perspective.

p-adic numbers are to fractal geometry as real 
numbers are to Euclidean geometry. 

Labelling C 
with 2-adic 

numbers



X = −σ X +σY
Y = −XZ + rX −Y
Z = XY −bZ

Great 20th Century Mathematicians

Great 20th Century Physicists



4 mentors on 
whose 

shoulders I 
have stood. 

Post PhDPre PhD

Roger Penrose

Dennis Sciama Raymond Hide

Ed Lorenz 

GR and Quantum Gravity Climate and Chaos



“It from bit”

“The familiar probability function and wave equation of quantum theory 
provide mere continuum idealizations and by reason of this circumstance 

conceal the information source from which they derive.”

John Wheeler

Grandfather of modern 
quantum information 

theory
but

a critic of quantum 
mechanics. 



A model (RaQM) of QM based on discretised Hilbert Space
• Gravity is the physical processing discretising Hilbert Space. Because 

gravity is so weak, discretisation is very fine scale. 

• Discrete Hilbert Space provides an explicit information-theoretic 
description of | ⟩𝜓 . Information content grows linearly with the 
number 𝑛	of entangled qubits in | ⟩𝜓  . 

• Quantum states are only defined in bases with rational-number 
(squared) amplitudes and/or complex phases. This only makes 
mathematical sense in the p-adic perspective.

• Gravitised discretisation of Hilbert Space leads to a specific prediction 
of the breakdown of unitary QM. When 𝑛 >1,000, it is not possible to 
allocate even one bit of information to each of the 2! dimensions of 
Hilbert Space.

• Solves the measurement problem as a nonlinear chaotic evolutionary 
process (c.f. fractal riddled basins of attraction).

• Provides comprehensible explanations of “quantum weirdness” 

In review in PNAS



The Lorenz attractor may be telling us something deep about the 
holistic nature of the quantum universe. The (p-adic) laws of 

physics describe the geometry of a cosmological  invariant set.   

6.

Bell’s Theorem

Fundamental  theories of 
physics (e.g. quantum 

gravity) will not be 
EPR/Bell nonlocal but will 

be underpinned by 
holistic principles (like 

Mach’s Principle – inertia 
here is due to mass there). 

“I think there is some reason to believe the true quantum theory of gravity is non-
computable” (Roger Penrose,1997).  

Building bigger particle 
colliders to probe yet 

smaller regions of 
space will not uncover 

such theories. 



With dedicated exascale 
supercomputing. Needed if we are 
to ever to reliably predict climate 

change regionally.  

New Directions: If the Future Circular Collider is not 
funded, then what?

Table-Top Quantum Gravity to 
study role of role of gravity on 

entanglement and during 
measurement.

A million-qubit quantum computer to 
study the breakdown of unitary QM. 




