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18th	Century	“Digesting	
Duck”	of	Jacques	de	
Vaucanson,	aka	
“Descartes	Duck”	



SCIENTIFIC	REDUCTIONISM	

SCIENTIFIC	REDUCTIONISM	is	an	approach	to	understanding	the	
nature	of	complex	things	by	reducing	them	to	the	interactions	of	
their	parts	or	to	simpler	or	more	fundamental	entities	



SCIENTIFIC	HOLISM	



My	point:	

Reductionism	was	practiced	in	GATE,	
TOGA-COARE,	and	DYNAMO	

By	topic	
•  Convection	
•  Boundary	layers	
•  Fluxes	at	sea	surface	
•  Oceanography	

By	platform	
•  Soundings	
•  Radar	
•  Ships	
•  Aircraft	

and/or	
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Question:	
What	do	we	really	not	understand	about	convection	forming	over	

the	tropical	ocean?	
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Question:	
What	do	we	really	not	understand	about	convection	forming	over	

the	tropical	ocean?	
		

My	answer:	
How	we	get	from	no	convection	to	non-precipitating	convection,	to	

deeper	precipitating	convection,	to	mesoscale	organization	
		

My	premise:		
Reductionism	is	preventing	us	from	reaching	understanding	of	the	

interactive	processes.	



Tropical	Oceanic	Cloud	Population	



Idealized	Oceanic	Tropical	Cloud	Population	

Houze	et	al.	(1980)	
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Idealized	Oceanic	Tropical	Cloud	Population	







GATE	



GATE	Shipboard	Radars	
3D	Reflectivity	structures,	but	without	Doppler	or	dual-polarimetric	

capability	

Note	air	motions	were	speculative,	
microphysics	not	indicated	



GATE	Shipboard	Acoustic	Sounders	
Detected	Boundary	Layer	Turbulent	Plumes	



TOGA	COARE	



TOGA	COARE	Flights	
Small	cumulus	flights	

	
Measured	boundary	layer	properties	

Large	convection	flights	
	

Measured	air	motions	and	radar	reflectivity	



TOGA	COARE	Shallow	Convection	Flights	
	
Raymond	(1995)	
	
Analyzed	and	interpreted	theoretically	the	aircraft	data	from	the	class	1	
flights	

• Convection	can	only	occur	when	
the	boundary	layer	θe	exceeds	a	
threshold	

• Surface	fluxes	increase	θe	
• Downdrafts	decrease	θe	
• Boundary	layer	equilibration	takes	
about	a	day	

• Convection	not	controlled	by	low-
level	convergence	



Houze	et	al.	1989	

TOGA	COARE	Deep	Convection	Flights	
	
Doppler	radar	technology	over	land	had	been	showing	how	air	overturns	in	the		big	
MCSs	
	
By	1992,	Doppler	radars	had	shown	this	structure	in	squall	lines	over	land	

Note	in	18	years	since	GATE,	
technology	had	advanced	

Land	



TOGA	COARE	airborne	Doppler	radars	showed	similar	mesoscale	
circulation…but	in	3D	

Kingsmill	and	
Houze	1999	

Co
nv
ec
tiv

e	

Low-level	inflow	 Midlevel	inflow	



Note:	
The	TOGA	CORE	shallow	cloud	and	deep	cloud	studies	
were	carried	out	separately	and	never	integrated	with	

each	other	(reductionism)	



Results	from	DYNAMO	



In	the	18	years	following	TOGA	COARE,	
there	were	further	advances	in	
instrument	technology	

GATE—reflectivity	
•  3D	precipitation	structure	

	
TOGA	COARE—reflectivity,	Doppler	

•  3D	precipitation	structure		
•  Mesoscale	air	motions	

	
DYNAMO—reflectivity,	Doppler,	dual-polarization,	power	

•  3D	precipitation	structure	
•  Mesoscale	air	motions	
•  Cloud	microphysics	
•  Non-precipitating	clouds	
•  Boundary	layer	structure	

	



Leary	and	Houze	1979	
….analyzing	GATE	shipboard	radar	and	drop	size	data	inferred	



Leary	and	Houze	1979	
….analyzing	GATE	shipboard	radar	and	drop	size	data	inferred	



Barnes	and	Houze	2014)	

Barnes	and	Houze	2014	analyzed	DYNAMO	dual-polarization	
radar	data	
	
à	confirmed	GATE	results	of		Leary	and	Houze	1979		
	

à	and	also	the	air	motion	results	of	TOGA	COARE	



Non	
precipitating	
cumulus	
In	DYNAMO	
4	Nov	2011	

Later	in	the	day,	
one	cloud	forms	a	
rain	shower	

Boundary	layer	plume	

LCL	



Rainshower	
4	Nov	2011	

Brute	Power	in	DYNAMO		à		non-precipitating	clouds	



Reflectivity	

Differential	Reflectivity	

Cold	pool	signatures	in	DYNAMO	
6	Nov	2011	



Hypothesized	
sequence	of	
Rowe	and	
Houze	2015		

t1	

t2	

t3	

t4	



Lessons	from	GATE,	TOGA	COARE	&	DYNAMO	
	
Need	more	holism	less	reductionism!	
	

• First	identify	processes	that	need	to	be	understood	
	
• Coordinate	all	resources	on	those	processes	in	a	singular	
plan		

• Make	maximum	use	of	technological	advances	as	
platform	availability	decreases	

• Use	remote	sensors	to	map	processes	holistically		



Good	Luck!	
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