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BIG AND SMALL, FAST AND SLOW: OUR RANDOM YET PREDICTABLE ATMOSPHERE

Shaun LovejoyRiver	Ins*tute,	Cornwall,	May	2,	2018	



Zooming	through	scales	by	the	
	billion		

	1mm	-	10,000	km	

A	voyage	through	scales	



A	voyage	through	scales:	Space,	0.1mm	–	10,000km	
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Zooming	through	scales	by	the	
	billion	billion		

milliseconds	to	half	a	billion	years	

A	voyage	through	scales	



Quaternary Period 
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Zooming	in	(me:	Benthic	Paleoindicators	
A	voyage	through	scales:	Time,	0.001s	–	4.5	billion	years	



Middle and Late stages Pleistocene epoch (EPICA, Antarctica) 
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Montreal 
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Montreal	Temperatures	at	increasing	resolu*on	
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How	to	understand	this	mind-boggling	
variability?	

(1):	High	level	or	low	level	laws?	



Mechanics	of	a	
few	par*cles	

Sta*s*cal	
Mechanics:		

many	par*cles	

Irrelevance	of	most	of	
the	details,	collec*ve	
behaviour	of	many,	
many	components	

Emergent	laws:	Which	level?	
	

Collec*ve	
behaviour	of		

Thermodynamics,	
con*nuum	

mechanics,	GCMs		



Collec*ve	behaviour	of	many	
vor*ces:	Turbulent	laws	

Con*nuum	
mechanics	

of	a	single	vortex	

Con*nuum	mechanics	
Of	several	vor*ces	

Irrelevance	of	most	of	
the	details,	collec*ve	
behaviour	of	many,	
many	components	

The	hierarchy	
con*nues	

“spagheb”	
picture	



How	to	understand	this	mind-boggling	
variability?	

(2):	Determinis*c	or	random?	



Which	Chaos?	

…sorry	Einstein!	

How	does	God	play	dice??	
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Cosmos	versus	chaos	through	the	ages			
Chaos-Cosmos	(ancient	Greeks)	
	
Scien*fic	ideas	about	determinism	and	randomness	
	
Determinism:	God	supplies	the	ini*al	condi*ons	(e.g.	planets	in	orbits,	Newton,	1670’s)	

	“…if	a	sufficiently	vast	intelligence	exists…”	Laplace	(1749-1827)	
	
Chance:		Ignorance,	subjec*ve	
	 	“Chance	is	nothing”	Voltaire:	(1694-1778).	

Chance:	Irrelevance	of	the	details	
	Sta*s*cal	Mechanics	e.g.	the	bell	curve	distribu*on	of	molecular	veloci*es	in	a	gas		
	(Maxwell,	Gibbs,	Boltzman,	1870-1900)	

Chance:	Objec*ve	
	Quantum	Mechanics:	Born	interpreta*on	of	the	wave	func*on	(1926)	
	Mathema*cs:	Kolmogorov	axioma*zed	probability	theory	(1930)	



The	Nonlinear	Revolu*on	
1970	-	1990	-	present	

	
	
The	Stochas(c	Chaos	alterna(ve:	scale	symmetries,	fractals,	mul(fractals	
-Objec*ve	randomness…	
	

The	Determinis(c	Chaos	Revolu(on:	The	Bu=erfly	Effect	
-Tiny	perturba*ons	could	be	amplified	
-Random	looking	phenomena	might	not	be	random	aner	all…	
-Backlash:	an	aoempt	to	resurrect	Newtonian	determinism	



How	to	understand	this	mind-boggling	
variability?	

(3):	New	worlds	or	scaling?	



	From	Van	Leeuwenhoek	to	
Mandelbrot	

Scalebound	thinking	and	the	missing	quadrillion	



The	Scalebound	view	

Van	Leeuwenhoek	discovering	a	“new	
world”	in	a	drop	of	water	(circa	1690)	



Scalebound	“Powers	of	ten”	view	

Official	Na*onal	Oceanographic	and	Atmospheric	Administra*on	(NOAA)	website	
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The	Scaling	view	

Mandelbrot	(1924-2010)	
zooming	into	the	
Mandelbrot	set	



Fractals	sets	
Cantor’s	“Perfect”	set	(1870)	

X3	

Self-similarity:	a	part	resembles	the	whole	
	
Zooming	gives	the	same	set!	

X3	
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9962	Meteorological	measuring	sta*ons	

Lovejoy	and	Scherzter	1986	

“Holes”	at	all	scales:	Zooming	gives	on	average	the	same	sparseness	of	points	
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Scale	invariance	

Number	of	sta*ons	=	(scale)D	

Average	number	
number	of	sta*ons	in	a	
circle	

diameter	
of	the	
circle	

(fractal)	
dimension	
of	the	set	
of	sta*ons	

The	rela*onship	is	the	same	at	all	scales:	scale	invariant	

Number	of	sta*ons	in	a	big	circle	=	(big	diameter)D	

Number	of	sta*ons	in	a	small	circle	=	(small	diameter)D	
Ex:	



Classifying	atmospheric	variability	
using	Scale	invariance		

• What	is	the	weather?	

• What	is	the	Climate?	
Macroweather?		



The climate is  
what you expect… 

"Climate is what you expect, weather is what you get.” 

-Lazarus Long, character in R. Heinlein 1973

“Climate in a narrow sense is usually defined as the "average 
weather" ...  
 
- Intergovernmental Panel on Climate Change, 2007 

not	



Atmospheric	dynamics	
1	hour-	109	yrs:	Mitchell	1976	(grey,	booom)	
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The	missing	quadrillion:	1976 versus 2014 
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New	simple	technique	discovered	in	2012:	Fluctua*on	analysis		



Scaling,	scale	invariance:	

How	does	scaling	help?	

Typical	Fluctua*on	≈		(scale)H	

H>0:	Fluctua*ons	grow	with	scale,	unstable	
H<0:	Fluctua*ons	decrease	with	scale,	stable	

“The	climate	is	what	you	expect,	the	weather	is	what	you	get”		

Expect	Macroweather!	
Weather:	H>0,	macroweather,	H<0,	climate,	H>0	



Is	civiliza(on	due	to	freak	
macroweather?	

“Have	our	species	been	spoiled	by	a	long	and	blissful	macroweather	
hiatus,	or	–	on	the	contrary	-	did	harshly	varying	climate	adversity	force	us	
to	invent	new	ways	of	coping?”	
	
Lovejoy	2017	(“Weather,	Macroweather	and	climate:	big	and	small,	fast	and	slow,	our	random	yet	predic*ble	atmosphere”,	
Oxford	U.	press,	in	press)	
	

“The	long,	stable	Holocene	is	a	unique	feature	of	climate	during	the	past	
420,000	years,	with	possibly	profound	implica*ons	for	evolu*on	and	the	
development	of	civiliza*ons.”			
Pe*t	et	al	,	Nature,	1999,	Based	on	the	analysis	of	Vostok	Antarc*ca	cores	

	

The	Holocene	is	“highly	unstable”.		
Berner	et	al	2008,	based	on	paleo	Sea	Surface	Temperatures	from	ocean	cores	near	Greenland.	
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Montreal	

Montreal,	November	2014	

Montreal	

Ooawa	

Toronto	

Montreal	

“Friends	of	Science”	Versus	Science	
November	
2014	

Associa*on	des	Communicateurs	Scien*fiques	

Friends	of	Science	
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The	skep*cs’	Giant	Natural	Fluctua*on	
Hypothesis	

What	is	the	probability	
of	a	≈1oC	global	

temperature	increase	
over	≈	125	years?	
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Climate	
closure	



CALGARY,	April	17,	2014	/Canadian	News	Wire/	

Friends of Science 
 
…Friends of Science are also calling up the Chancellor of 
McGill University to retract the McGill press release and issue 
an apology for the use of Lovejoy's quote “This study will be a 
blow to any remaining climate-change deniers..." 
 
"This is not the language of science or good taste that one 
expects from a Nobel Laureate university," says Gregory. 
 

The skeptics 
reaction

(Calgary based group)	

Viscount	Lord	Christopher	Monckton	of	Brenchley:	
	
“A	mephi*c	ectoplasmic	emana*on	of	the	forces	of	
darkness”	 A	mephi*c	

ectoplasm	



Scaling	and	(elephan*ne)	memory:	
forecasts	and	projec*ons	



The	basic	GCM	limita*on	and	
macroweather	forecas*ng	(≈10	days	to	

decades)	
Weather	systems	(<10	days)	generated	by	GCMs		
=	random	weather	noise	(sta*s*cs)…		
but	not	fully	realis*c	

Our	climate	

Scaling,	stochas*c	models:	use	data	to	force	convergence	to	the	real	climate.	

Model	
climate	

The	“killer	app”	for	atmospheric	scaling?	
Stochas*c	Seasonal	and	Interannual	Predic*on	System	



Visit our site 

hop://www.physics.mcgill.ca/StocSIPS	



The	“Pause”		



Zeke	Hausfather	
Tweeted	yesterday	

“Pause”	

Data	

GCM	models	



CMIP5	MME	

Mean	of	5	observa*onal	series	

Historical,	
long	
memory	

Historical,	
short	
memory	

The	MME	versus	historical	projec*on	methods.		Shaded	areas	are	the	90%	confidence	limits.	

oC	



Our	future:	climate	projec*ons	
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“Simple”:	without	memory,	“SCRF”:	Scaling	Climate	Response	Func*on,	with	memory	

Lovejoy,	Hebert,	2018	

All	IPCC	projec*ons	
are	within	the	2o	

threshold	
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Difference:	GCM’s-	Historical	Method	

oC	

Warmer	
than	

predicted	

Cooler	than	
predicted	 X’s:	significant	differences	

CO2	doubling)	



Conclusions	

Huge	range	of	scales:	*me	and	in	space	

Emergence:	high	level	versus	low	level	laws	
-Turbulence	Laws:	collec*ve	behaviour	

Which	Chaos:	Stochas*c	or	determinis*c?	

Scalebound	or	scaling?	

Classifying:	Weather,	climate…	and	
	macroweather!	

Oxford		University	Press	

Scaling	and	memory:	forecasts,	projec*ons	

Mars:	sister	planet,	sta*s*cal	twin	

Climate	Closure	




