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Program

• Preamble- “All	history	is	lies	agreed	upon”	
Attributed	to	Napolean

• Act	I	- Forming	the	Question	(1949-1960)
• Act	II	-The	Question becomes	important	
(1960-1969)

• Act	III-Resolving	the	Question (1970-1982)
• Epilogue:	What’s	next?



1949	-1960

• 1949	First	successful	Numerical	Weather	‘Prediction’
• Also,	these	lines	were	published	in	QJRMS:

Who	was	this
Prophet?



This	is	the	title	and	Author

The	Abstract	concludes	with…



By	1956	operational	NWP	was	being	
done	by	the	JNWP	in	the	US



PDT	noticed	poorer	forecasts	
if	Obs from	Ship	’P’	not	received	

E=	error	KE.	Thompson	uses	characteristic
Length	scales	for	the	true	and	error	fields	.

He	then	uses	a	Fjørtoft-like	constraint	to
analyze	error	growth	in	2D	and	QG	model



Fjørtoft constraint	in	QG	turbulence
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Fjørtoft Constraints
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Cannot	maintain	balance	if
Energy	moves	toward	large	n
Energy	cannot	be	cascaded	

to	small	scale



1960’s	

• Lorenz	studies	Deterministic	Nonperiodic Flow	
as	a	paradigm	of	NWP



Lorenz	’63	a	landmark	study	for	
several	reasons

• Demonstrated	‘chaos’	in	
a	small	finite	
dimensional	system

• Complete	rigorous	
dynamical	systems	
analysis	(Birkhoff)

• Convincing	
demonstration	of	Eady’s
conjecture	of	persistent	
instability



GARP	and	two	week	predictability



A	controversy	brews
• Lorenz	in	‘63	published	results	from	a	28	variable	model:
• Starts	wondering	about	‘turbulence’	predictability



• Lorenz	develops	a	closure	for	2-dimensional	
homogeneous	turbulence	and	uses	it	for	the	
energy	of	the	error		

Error	growth	ends	when	Zk
reaches	the	Initial		spectrum





Given	Kraichnan’s 2D	Turbulence	
Robinson	and	Lorenz	reconsider



What	is	the	KE	spectrum	of	the	
atmosphere?

Pinus et	al	used	by	Lorenz Julian	et	al	1969



1970’s
Leith and	Kraichnan

• Chuck	Leith	uses	Kraichnan
DIA-like	EDQNM	closure

Planetary
Waves	
Predictable	
For	2	weeks



Does	spectal slope	really	matter?
Bartello-Warn	1D	turbulence	model

Steep	(K-3	)	Spectral	Slope Shallow	(K-5/3 )Spectral	Slope

Non-local	Cascade



Stochastic	Dynamic	Prediction:
A	formalism	for	probabilistic	NWP

• Ed	Epstein	

Closure	assumption

Fundamentally,
Classical	statistical
Moment	prediction
Need	to	close	the
system

Closure	not	the	biggest	problem
2nd moment	prediction	is	order	N2



Leith suggests	a	practical	method	for	
Stochastic	Dynamic	Prediction



Surprising:



Finally,	a	predictability	study	with	at	
real	forecast	model

• Ed	Lorenz,	of	course
• Made	possible	only	
because	of	ECMWF	
forecast	archive	policy	

• Demonstrated	how	go	
the	forecasts	were	and	
how	good	they	
potentially	could	be



Epilogue
These	predictability	studies	opened	the	agenda	for	ECMWF

• First	showing	that	it	was,	in	principle,	possible	
to	predict	the	weather	beyond	a	few	days

• Then,	opening	the	field	of	dynamical	
probabilistic	forecasting

• Finally,		pointing	the	way	to	practical		solutions	
to	the	prediction	of	the	mean	and	covariance	
leading	to	ensemble	predictions	and	singular	
vector	initial	uncertainty	sampling


