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The	changing	water	cycle	under	radia1ve-convec1ve	equilibrium	
Theore1cal	expecta1on	for	global	climate	to	an	increased	CO2	concentra1on	

From	Ramanathan,	1981	

Global	«	warming	»	=	verified	
Global	«	moistening	»	=	~	verified	
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The	changing	water	cycle	under	radia1ve-convec1ve	equilibrium	
Global	energy	controls	of	precipita1on	

From	Ramanathan,	1981	

Global	«	warming	»	=	verified	
Global	«	moistening	»	=	~	verified	
Global	«	raining	»	=	verified?	
	
Global	energy	budget	dictates	P	increase	following	atmospheric	radiaGve	cooling	
The	rate	is	esGmated	at		~2-3%K-1	(Stephens	and	Ellis,	2008)	
	



Rémy	Roca,	Contribu1on	of	the	Mesoscale	Convec1ve	Systems	to	the	tropical	water	and	energy	cycle,	30	November	2016	,GDAP	Mee1ng,	Washington,	USA	

Rate	of	converion	of	water	vapor	in	rain	
~	Detrainement	decreseases	with	temperature	for	various	scenarios	mor	or	less	strong	

The	water	cycle	and	climate	sensiGvity	are	strongly	modified	when	slight	modificaGons	
of	«	organisaGon	»	of	convecGon	are	accounted	for.	

Mauristen	and	Stevens,	2015	

Strong	sensi1vity	to	the	details	of	the	convec1on	parameteriza1on	
Global	water	cycle	in	climate	models	
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Limited	constraints	on	regional	scale	changes	
What	about	the	response	of	the	DISTRIBUTION	of	precipita1on	?	
A	look	at	the	99.9th	percenGle	of	daily	precipitaGon		

Extra-tropics	 Tropics	
O’Gorman	and	Schneider,	PNAS,	2009	

1.3	to	30%/K	3	to	6%/K	

More	sca_ered	tropical	extremes	responses	in	models	compared	to	extra-tropics		

Tropical	Mesoscale	Convec1ve		systems	!	
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Outline	of	the	presenta1on	

•  IntroducGon	
•  What	is	a	tropical	Mesoscale	Convec1ve	system	?	
•  QuanGfying	the	contribuGon	of	systems	to	the	tropical	
rainfall	and	radiaGon	
–  Rainfall	
–  TOA	radiaGon	

•  Conclusion	and	on	going	work	:	revisiGng	the	
conceptual	model	of	the	life	cycle	of		the	MCS	
–  TOA	RadiaGon,	Links	to	microphysics,	Rainfall		
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Houze,	2004	

What	is	a	mesoscale	convec1ve	system	(MCS)	?	
A	large	corpus	of	knowledge	from	radar	meteorology,	campaigns	etc…	(1/2)	

(Biggerstaff	&	Houze	1991)	

ConGnuous		cold	cloud	shield	Picture	from	US	Airforce	rocket	
1948	
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•  10°x10°	
•  SST=28°C,	P=cte	

From	Tobin,	Bony	and	Roca,	J	Clim,	2012	

HOAPS	3.0	(L2)		

N=4	 N=1	
CERES	(L2)	

AIRS		

CERES	(L2)	

At	given	large	scale	condi1ons	(SST	&	P),	the	agréga1on	of	convec1on	discriminates	
the	TOA	flux,	PW	and	RH	distribu1on.		

The	contribu1on	of	MCS	to	the	tropical	radia1on	
Importance	of	agrega1on	and	organisa1on	
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The	contribu1on	of	MCS	to	the	tropical	precipita1on	
An	achievement	of	the	TRMM	mission	

From	Tao	and	Moncrieff,	2009;	Nessbi_	et	al.,	2006	
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The	contribu1on	of	MCS	to	the	tropical	rainfall	extremes	
Importance	of	organisa1on	

Muller,	2013	

Idealized	configura1on	of	CRM	
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Trends	in	the	recent	decades	in	the	tropical	organizec	convec1on	

ΔP	

1998-2009	

Δf1C1	

Δf1C1	

ΣΔfiCi+fiΔCi	

2	&	3	

Change	in	
occurrence	of	C1	
~	dynamical	
response	
	

C1		mesoscale	organized	convecGon	

Tan	et	al.,	2015	

Based	on	the	ISSCP	satellite	dataset	
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ConGnuous	cold	cloud	shield	

Houze,	2004	

What	is	a	mesoscale	convec1ve	system	(MCS)	?	
A	large	corpus	of	knowledge	from	radar	meteorology,	campaigns	etc…	(2/2)	

Ini1a1on	
	

Mature	
	

Dissipa1on	 Time 

Houze,	1982	

that	evolves	during	its	life	cycle	from	genesis	to	lysis		

The	organiza1on	of	deep	convec1on	can	be	characterized	by	the	MCS	dynamical	morphology:	
•  its	dura1on	in	hours		
•  its	propaga1on	distance	in	km	
•  etc….	

READILY		
obtained	from	geosta1onnary	infrared	imagery	and	a	paiern	recogni1on	and	tracking	algorithm	
Fiolleau	T.	and	R.	Roca,	(2013),	An	Algorithm	For	The	Detec1on	And	Tracking	Of	Tropical	Mesoscale	Convec1ve	Systems	Using	Infrared	
Images	From	Geosta1onary	Satellite,	Transac1ons	on	Geoscience	and	Remote	Sensing,	doi:	10.1109/TGRS.2012.2227762.	
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Canal	visible	de	ATS-1	lancé	en	1966	

	

What	is	a	mesoscale	convec1ve	system	(MCS)	?	
A	long	long	1me	exis1ng	observing	capability	
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What	is	a	mesoscale	convec1ve	system	(MCS)	?	
An	example	from	METEOSAT	observa1ons	

Sahel	:	Niger	and	Mali	during	the	AMMA	campaign	(11/09/2006)	

MSG	IR	images	 Tracking	results	

100km	
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What	is	a	mesoscale	convec1ve	system	(MCS)	?	
An	example	from	METEOSAT	observa1ons	

Sahel	:	Niger	and	Mali	during	the	AMMA	campaign	(11/09/2006)	

MSG	IR	images	 Tracking	results	

100km	
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Outline	of	the	presenta1on	

•  IntroducGon	
•  What	is	a	tropical	Mesoscale	Convec1ve	system	?	
•  QuanGfying	the	contribuGon	of	systems	to	the	tropical	
rainfall	and	radiaGon	
–  Rainfall	
–  TOA	radiaGon	

•  Conclusion	and	on	going	work	:	revisiGng	the	
conceptual	model	of	the	life	cycle	of		the	MCS	
–  TOA	RadiaGon,	Links	to	microphysics,	Rainfall		
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The	contribu1on	of	MCS	to	the	tropical	precipita1on	
Summer	2012		4	months	of	data	1°/1	day	
	

•  MCS	

Cloud	tracking	algorithm	run	using	the	full	resoluGon	GEO	infrared	imagery		
	GOES-15,GOES-13	,	GOES-14,MSG-2,	MET-7	and	MTSAT-2.	
	only	where	30	minutes,	~5km	
	 	missing	southern	hemisphere	over	Australia	and	West	Pacific	
	gridded	on	a	regular	grid	to	match	the	precipita1on	data	(Roca	et	al.,	2014)	
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The	contribu1on	of	MCS	to	the	tropical	precipita1on	
Quan1fying	the	importance	of	organized	convec1on	

Update	from	Roca	et	al.,	J	Clim,	2014	

TAPEER	v1	
3B42		v7	
GPCP	v2	

All	
Ocean	
Land	
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TAPEER	v1	
3B42		v7	
GPCP	v2	

All	
Ocean	
Land	

The	contribu1on	of	MCS	to	the	tropical	precipita1on	
Quan1fying	the	importance	of	organized	convec1on	
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The	contribu1on	of	MCS	to	the	tropical	precipita1on	
Tracking	organized	convec1on	on	the	GEOring	

Update	from	Roca	et	al.,	J	Clim,	2014	

Mean	daily	rain	for	JJAS	2012		
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The	contribu1on	of	MCS	to	tropical	radia1on	budget	
Importance	of	long	las1ng	systems	to	the	distribu1on	of	CRF	
JJAS	2009	/	30°s-30°n	/	1°-1day/	CERES	SYN	products	+	«	Most	representa1ve	MCS	of	the	day	»	product	
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The	role	of	MCSs	to	the	water	and	energy	budget	
Importance	of	long	las1ng	systems	to	the	water	and	energy	budget	
JJAS	2009	/	30°s-30°n	/	1°-1day/	SYN	products	+	«	Most	representa1ve	MCS	of	the	day	»	product	+	TAPEER	

Weighted	contribu1on	in	%	

Occurrence	 Rainfall	 SWCRF	 LWCRF	 NETCRF	
ALL	MCS	 Land	 39	 92	 65	 71	 51	

Ocean	 32	 93	 55	 67	 39	
All	 34	 93	 58	 68	 42	

Dura1on
<12h	 Land	 25	 36	 35	 37	 29	

Ocean	 15	 21	 19	 25	 15	
All	 17	 25	 23	 28	 18	

Dura1on
>12h	 Land	 15	 56	 30	 34	 23	

Ocean	 17	 72	 36	 42	 24	
All	 16	 68	 35	 40	 24	

Roca	et	al.,	J	Climate,	2014		
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Extreme	rainfall	events	and	MCS	
Importance	of	organized	(long	las1ng	&	propaga1ng	storms)	

(Unpublished	yet)	
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Ini1a1on	
	

Mature	
	

Dissipa1on	 Time 
Houze,	1982	

?	Wm-2	

?	mm/day	
?	dura1on	
?	Microphysical		
Process	

Documen1ng	and	understanding	the	life	cycle	of	the	
tropical	MCS	
Approche	Composite		

?	Wm-2	

?	mm/day	
?	dura1on	
?	Microphysical		
Process	

?	Wm-2	

?	mm/day	
?	dura1on	
?	Microphysical		
Process	

?	Wm-2	

?	mm/day	
?	dura1on	
?	Microphysical		
Process	
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Source:	Thomas	Fiolleau	

Details	of	the	composi1ng	method	using	SCARAB-3/
MT	TOA	flux	
Making	use	of	the	high	repe11vity	of	MT	
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Results	using	SCARAB-3/MT	TOA	flux	
All	the	regions	under	inves1ga1ons	

Pacific	ocean	

Tropical	belt	-180°E:180°E	

Pacific	ocean	Atlan1c/West	Africa	
Bay	of	Bengal	

Indian	Ocean/Con1nent	
Brazil	
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JJAS	2012/Class	2a/Day	light	

Results	using	SCARAB-3/MT	TOA	flux	
Regional	commonali1es	and	differences	

West	Africa	/AtlanGque	 Pacific	ocean	 Bay	of	Bengal	 Tropical	belt	
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Frac1ons	Convec1ves/Stra1formes/Cirriformes	
(%)	

Frac1on	Volumique	de	pluie	convec1ve	

1	-	Croissance	de	la	frac1on	de	pluie	convec1ve	jusqu’à	la	phase	[10%-30%]	du	cycle	
de	vie	normalisé	
2	-	Décroissance	de	la	frac1on	de	pluie	convec1ve	
	
	

Taille	des	systèmes	(km²)	

FracGon	cirriforme	
FracGon	StraGforme	
FracGon	ConvecGve	

Results	using	Cloudsat	and	TRMM/PR	
	An	exemple	for	the	indian	con1nent	
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Bouniol	et	al.,	2016		

SW	

•  SW++	in	the	beginning	of	
the	life	cycle	

•  LW++	at	the	end	of	the	life	
cycle		

•  cooling	top		
•  heaGng	lower	part	
•  Maintenance	of	the	

anvil	in	the	Gme	

Fusion	CloudSAT+Géo	

Results	using	A-TRAIN	data	
CERES/CALIPSO/Cloudsat	data		

LW	
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Summary	
Importance	of	organized,	long	las1ng	&	propaga1ng	storms	to	the	tropical	water	and	
energy	budget	

Composi1ng	along	the	life	cycle	as	a	framework	to	go	from	«	snapshots	»	to	the	dynamics	
of	deep	convec1on	

The	systems	las1ng	more	than	12h	contribute	to	70%	of	the	total	rain,	a	liile	
less	over	land	but	only	24%	of	the	net	TOA	radia1on	

Large	geographical	variability	due	to	the	various	MCS	regimes	
Robust	results	over	the	precipita1on	products	

Coherent	1me	evolu1on	of	the	morphology	of	the	system	
	growing	and	decaying	cloud	shield	
	albedo	and	TOA	budget	with	regional	variability	
	 	cirriform	frac1on	increases	with	life	
	 	stra1form	decreases	a{er	50%	of		life	
	 	convec1on	frac1on	decrease	up	to	50%	of		life	
	 	contribu1on	to	rainfall	increase	up	to	30%	of	life		
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On	a	farther	horizon	

•  New	Mission	«	D-Train	»	
tropical	radars	train	for	convec1ve	transport	
measurement	lead	G.	Stephens	&	Z.	Haddad,	JPL,		
Submiied	to	NASA	Decadal	Survey	

Stephens	et	al.,	2015	

Sy	et	al.,	2015	

90	secondes	

•  Ver1cal	transport	along	the	the	life	cycle	
					(Approche	Bouniol	et	al.,	2016)	
	
•  Why	not	having	other	instruments	on	the	D-Train	?	(183GHz,	…)	
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Thank	you	for	your	aien1on	


