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Objec(ve	
To	what	extent	the	constella.on	of	PMW	radiometers	in	the	Global	Precipita.on	Measurement	(GPM)	mission	can	be	used	to	obtain	precipita.on	es.mates	on	a	daily	scale	in	agreement	with	ground-based	measurements?	
To	answer	this		ques.on,	we	perform	two	verifica.on	studies		by	using		daily	precipita.on	products	on	a	regular	grid.	
•  Over	Europe	and	Africa	for	the	years	2011-2013	we	analyze	daily	precipita.on	products	at	1.0°	x	1.0°,	obtained	by	combining	MW-based	instantaneous	precipita.on	es.mates	from	cross-track	and	conical	scanning	radiometers	in	the	GPM	

constella.on,	using	GPCC	global	dataset	as	reference.	The	analysis	is	carried	out	for	daily	rainfall	es.mates	obtained	from	instantaneous	rainfall	rate	products	CDRD	and	PNPR	developed	at	ISAC-CNR.		
•  Over	Italy	for	the	years	2011-2014	we	analyze	daily	precipita.on	products	at	0.25°	x	0.25°,	obtained	by	combining	CDRD	and	PNPR	products	with	SM2RAIN	daily	rainfall,	derived	from	two	successive	soil	moisture	(SM)	MW-based	es.mates	

by	means	of	an	algorithm	developed	at	IRPI-CNR,	using	the	Italian	raingauge	network	as	reference.	

This	research	has	been	supported	by	the	FP7	EU	funded	project	Earth2Observe	and	by	
the	 EUMETSAT	 project	 "Satellite	 Applica.on	 Facility	 on	 Support	 to	 Opera.onal	
Hydrology	and	Water	Management"	(H-SAF).	

Acknowledgments	

References	

Contacts	
g.panegrossi@isac.cnr.it				
a.marra@isac.cnr.it	

Brocca,	L.,	Melone,	F.,	Moramarco,	T.,	Wagner,	W.	(2013).	A	new	method	for	rainfall	es.ma.on	through	soil	moisture	observa.ons.	Geophys.	Res.	Lea.,	40(5),	853-858.	
Brocca,	L.,	Ciabaaa,	L.,	Massari,	C.,	Moramarco,	T.,	Hahn,	S.,	Hasenauer,	S.,	Kidd,	R.,	Dorigo,	W.,	Wagner,	W.,	Levizzani,	V.	(2014).	Soil	as	a	natural	rain	gauge:	es.ma.ng	global	
rainfall	from	satellite	soil	moisture	data.	J.	Geophys.	Res.,	119(9),	5128-5141.	
Casella	D.,	Panegrossi	G.,	Sanò	P.,	Mugnai	A.,	Smith	E.A.,	Tripoli	G.J.,	Dietrich	S.,	Formenton	M.,	Di	Paola	F.,	Leung	H.	W.-Y.,	and	Mehta	A.V.	(2013).	Transi.oning	from	CRD	to	
CDRD	 in	 Bayesian	 retrieval	 of	 rainfall	 from	 satellite	 passive	 microwave	 measurements,	 Part	 2:	 Overcoming	 database	 profile	 selec.on	 ambiguity	 by	 considera.on	 of	
meteorological	control	on	microphysics,	IEEE	Trans.	Geosci.	Remote	Sens,	51(9),	4650-4671.		
Ciabaaa,	L.,	Marra,	A.C.,	Panegrossi,	G.,	Casella,	D.,	Sanò,	P.,	Dietrich,	 	S.,	Massari,	C.,	Brocca,	L.	 (2016),	Analysis	of	daily	rainfall	over	 Italy	 from	satellite	microwave-based	
precipita.on	products,	Journal	of	Hydrology,	submiaed.	
Kim,	S.,	Parinussa,	R.	M.,	Liu,	Y.	Y.,	Johnson,	F.	M.,	Sharma,	A.	(2015).	A	framework	 	 	for	combining	 	 	mul.ple	 	 	soil	 	 	moisture	 	 	retrievals	 	 	based	 	 	on	maximizing	temporal	
correla.on.		Geophysical	Research	Leaers,	42(16),	6662-6670.		
Mugnai,	A.,	et	al..	(2013).	Precipita.on	products	from	the	hydrology	SAF.	Nat.	Hazards	Earth	Syst.	Sci.,	13,	1959-1981.		
Sanò,	 P.,	 Casella	 D.,	Mugnai	 A.,	 Schiavon	 G.,	 Smith	 E.	 A.,	 and	 Tripoli	 G.	 J.	 (2013).	 Transi.oning	 from	 CRD	 to	 CDRD	 in	 Bayesian	 retrieval	 of	 rainfall	 from	 satellite	 passive	
microwave	measurements:	Part	1.	Algorithm	descrip.on	and	tes.ng.	IEEE	Trans.	Geosci.	Remote	Sens.,	51(7),	4119–4143.	
Sanò,	P.,	Panegrossi,	G.,	Casella,	D.,	Di	Paola,	F.,	Milani,	L.,	Mugnai,	A.,	Petracca,	M.,	and	Dietrich,	S	 (2015).	The	Passive	microwave	Neural	network	Precipita.on	Retrieval	
(PNPR)	algorithm	for	AMSU/MHS	observa.ons:	descrip.on	and	applica.on	to	European	case	studies.	Atmos.	Meas.	Tech.,	8,	837-857.		
Sanò,	P.,	G.	Panegrossi,	D.	Casella,	A.	C.	Marra,	F.	Di	Paola,	and	S.	Dietrich	(2016),	The	new	Passive	microwave	Neural	network	Precipita.on	Retrieval	(PNPR)	algorithm	for	the	
cross-track	scanning	ATMS	radiometer:	descrip.on	and	verifica.on	study	over	Europe	and	Africa	using	GPM	and	TRMM	spaceborne	radars,	Atmos.	Meas.	Tech.,	submiaed.	

2012-2014	study	over	Italy		
CDRD		PNPR	and	SM2RAIN	

Two	different	PMW	precipita.on	retrieval	algorithms,	developed	at	ISAC-CNR	(aimed	to	
deliver	opera.onal	products	in	the	EUMETSAT	H-SAF	program	(Mugnai	et	al.,	2013))	are	
used	in	this	study.	 	They	are	op.mized	for	 	the	European	and	Mediterranean	area,	and	
have	been	recently	extended	to	Africa	and	Southern	Atlan.c.	They	are:		
the	CDRD	 (Cloud	Dynamics	 and	Radia.on	Database)	 (Sanò	 et	 al.,	 2013;	 Casella	 et	 al.,	
2013;	Mugnai	 et	 al.,	 2013),	 a	 physically	 -based	 Bayesian	 algorithm	 developed	 for	 the	
conically	scanning	radiometers	DMSP	SSMIS	and	GCOM-W1	AMSR-2;	
the	PNPR	(Passive		microwave		Neural		network		Precipita.on		Retrieval)	developed	for	
the	cross--track	 	scanning	 	radiometers	 	NOAA	 	and	 	MetOp-A/B	 	AMSU--A/MHS,	and	
NPP	Suomi	ATMS	(Sanò	et	al.,	2015;	2016).		
CDRD-PNPR	 daily	 precipita.on	 es.mates	 used	 in	 this	 study	 are	 obtained	 combining	
instantaneous	 precipita.on	 es.mates	 from	 SSMIS	 and	 AMSU/MHS	 overpasses	 on	
regular	grid	boxes.			
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MW-based	precipita(on	products	can	be	very	effec(ve	in	es(ma(ng	daily	precipita(on,	also	over	a	complex	territory	such	as	Italy.	
Ø  Apart	from	the	intrinsic	limita.on	of	PMW	observa.ons	(e.g.,	low	spa.al	resolu.on,	frozen	soil,	light	precipita.on),	as	far	as		CDRD-PNPR	MW-

only	daily	products	are	concerned,	we	can	conclude	that:	

•  daily		precipita.on	es.mates	show	a	good	correla.on	with	local	raingauge	networks	and	with	GPCC,	similar	to		other	global	products	merging	
GEO	IR	observa.ons	and	LEO	MW	precipita.on	es.mates,	e.g.	3B42RT	(and	IMERG	-	not	shown).	

•  beaer	agreement		is	found	with	GPCC	(and	GPCP	-	not	shown)	at	mid-la.tudes,	while	a	posi.ve	bias	is	found	over	the	tropical	region;	
•  accuracy	depends	on	 the	number	of	overpasses	available	and	on	 their	distribu.on	 throughout	 the	day	 (higher	agreement	 for	precipita.on	

event	very	localized	(and	intense)	and	lower	for	rapidly	evolving	(and	weak)	precipita.on	systems).		
Ø  Boaom-up	 approach	 SM2RAIN	 strongly	 depends	 on	 the	 accuracy	 of	 soil	moisture	 retrieval	 (weaknesses	 in	mountainous	 regions,	 frozen	 soil	 or	

satura.on	condi.ons	[extensive	floods]);	

Ø  The	integra.on	of	boaom-up	and	top-down	approaches	for	mul.ple	microwave	sensors	(exploi.ng	the	full	range	of	available	frequencies)	allows	
to	overcome	some	of	the	intrinsic	limita.ons	of	the	two	approaches	and	consistently	provides	improved	sta.s.cal	scores	.	

Further	 improvements	of	 the	approach	used	 in	 this	study	are	expected	with	the	 full	exploita(on	of	all	 the	PMW	radiometers	 in	 the	
GPM	constella(on	(ATMS,	AMSR-2	and	the	advanced	GPM	Microwave	Imager,		not	included	in	this	study).	

CDRD-PNPR	vs	GPCC	 3B42RT	vs	GPCC	
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Conclusions	

Fig.	 6:	 Morphology	 of	
the	 study	 area.	 The	
leaers	 indicate	 the	 four	
b o x e s	 w h e r e	 t h e	
a n a l y s i s	 o f	 5 - d a y	
accumulated	 rainfall	
.meseries	is	carried	out	
(see	Fig.	8).		 Fig.	 5:	 Boxplots	 of	 the	 correla.on	 coefficient	 (R)	 between	CDRD,	 PNPR	

and	 CDRD-PNPR	 and	 the	 observed	 rainfall	 dataset	 as	 a	 func.on	of	 the	
number	of	3-hour	intervals	with	at	least	one	satellite	overpass	during	the	
valida.on	 period	 (2012-2014).	 Specifically,	 the	 black	 dots	 indicate	 the	
median	values,	the	boxes	the	25th	and	75th	percen.les	while	the	whiskers	
the	minimum	and	maximum	values.	
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Methodology	to	merge	SM2RAIN	(PSM2R)		
with	CDRD+PNPR	(Psat)	

where	 Pint	 is	 the	 integrated	 rainfall,	 ρ	 is	 the	
correla.on	 coefficient	 ,	 1	 and	 2	 refer	 to	 the	
two	 products	 (Psat	 or	 PSM2R),	 and	 R	 refers	 to	
the	reference	dataset	(raingauges)	-	Kim	et	al.	
(2015).	

In	 this	 study	CDRD-PNPR	es.mates	are	merged	with	 the	SM2RAIN	 (Brocca	et	al.,	2013,	2014)	es.mates.	
The	SM2RAIN	algorithm	uses	two	successive	SM	retrievals	(i.e.,	at	the	current	and	at	 	the	past	.me	step)	
for	es.ma.ng	the	rainfall	fallen	within	the	.me	interval	where	the	two	observa.ons	are	made	available.	
In	such	a	combina.on,	the	boaom-up	(SM2RAIN)	daily	precipita.on	es.mates	act	as	calibrator	while	the	
top-down	(CDRD-PNPR)	approach	provides	precipita.on	es.mates	where	the	soil	moisture	retrieval	is	not	
accurate	or	feasible	(Ciabaaa	et	al.,	2016).	

Dataset:	2011-2012-2013		
Analysis	of	daily	mean	precipita(on	

•  CDRD-PNPR;		
•  TMPA	3B42RT	Version	7	Real-Time;	
•  GPCC	Full	Data	Daily	Version	1	used	as	benchmark	
	

Fig.	3:	GPCC	sta.on	number		
per	1.0°x	1.0°	grid	box	.	

CDRD	 PNPR	 CDRD	–	PNPR		

0.25°x 0.25°  

Precipita(on	>	0.1	mm/day	and	kriging	error	<	50%	

1.0°x 1.0°  
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Fig.	7:	Correla.on	coefficient	 (R	 [-],	upper	panel)	and	 (RMSE	[mm],	
lower	panel)	maps	for	CDRD-PNPR	(first	column),	SM2RAIN	(second	
column)	 and	 CDRD-PNPR+SM2RAIN	 (third	 column)	 during	 the	
valida.on	period	(2012-2014)	for	1	day	of	accumulated	rainfall.	

Table	1:	Sta.s.cs	of	con.nuous	(correla.on,	R,	Root	Mean	Square	Error,	
RMSE	and	BIAS)	and	categorical	performance	median	scores	(Probability	
Of	Detec.on,	POD,	False	Alarm	Ra.o,	FAR	and	Threat	Score,	TS)	of	 the	
different	analysed	products	during	the	valida.on	period	2012-2014.	

Product	 R 	
[-]	

RMSE 
[mm]	

BIAS 
[%]	 POD	 FAR	 TS	

CDRD	 0.57	 10.97	 3.65	 0.36	 0.12	 0.34	

PNPR	 0.61	 7.778	 -23.50	 0.53	 0.17	 0.48	

CDRD-PNPR	 0.68	 7.30	 -12.09	 0.58	 0.17	 0.51	
SM2RAIN	 0.58	 7.71	 -3.76	 0.60	 0.39	 0.42	

CDRD-PNPR+	
SM2RAIN	 0.71	 6.62	 -8.22	 0.75	 0.34	 0.54	

Timeseries	and	Case	studies	

Fig.	 8:	 Timeseries	 of	 5-day	 cumulated	 rainfall	 for	 all	 analysed	
products	for	the	four	analysis	boxes	A,	B,	C	and	D	shown	in	Fig.	
3	(from	top	to	boaom).	The	text	annota.on	indicates	the	mean	
R	 and	 RMSE	 values	 with	 respect	 to	 the	 observed	 rainfall.	
Rainfall	 events	 analyzed	 in	 Fig.	 9	 (valida.on	 period)	 are	
evidenced	with	 a	 circle.	 Underes.ma.on	 in	 area	 B	 (mostly	 in	
winter)	 is	 related	 to	 complex	 orography	 and	 occurrence	 of	
snowfall.		
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Fig.	9:	Cumulated	rainfall	maps	[mm]	for	some	important	rainfall	events	
in	 the	 study	 period	 listed	 in	 Tab.	 2.	 The	 first	 column	 represents	 the	
observed	rainfall	data,	while	the	other	five	columns	the	maps	obtained	by	
the	satellite	 rainfall	products	considered	 in	 the	study.	Each	event	 in	 the	
valida.on	 period	 corresponds	 to	 one	 of	 the	 peaks	 of	 rainfall	 evidenced	
with	a	circle	in	Fig.	8.		The	May	2013	event	shows	underes.ma.on	due	to	
saturated	 soil	 condi.on	 (affec.ng	 SM2RAIN	 es.mates)	 and	 orographic	
precipita.on	(affec.ng	CDRD	and	PNPR).			

CDRD-PNPR	vs	GPCC	 CDRD-PNPR	vs	GPCC	 3B42RT	vs	GPCC	3B42RT	vs	GPCC	

2011-2013	study	over	Europe	and	Africa	
CDRD	and	PNPR	

Fig.	 2:	 Number	 of	 daily	 overpasses	
available	from	SSMIS	and	AMSU/MHS.	

Fig.	 1:	 Daily	 mean	 precipita.on	 from	 CDRD	 (SSMIS	 only),	 PNPR	
(AMSU/MHS	only)	 and	 combined	 	 CDRD-PNPR	 (SSMIS	 and	AMSU/
MHS)	instantaneous	precipita.on	rate	es.mates..	

0.25°x 0.25°  

Fig.	 4:	 Correla.on	 coefficient	 (upper	 panels	 –	 leu	 not	 filtered	 and	 right	
filtered),	ME	 (lower	 leu	 panels)	 and	 RMSE	 (lower	 right	 panels)	 for	 CDRD-
PNPR	 and	 3B42-RT	 daily	 mean	 precipita.on	 vs.	 GPCC	 data	 for	
2011-2012-2013.		

Event #	 Date	 Area (Box)	
Maximum 
cumulated 

rainfall (mm)	
1	 15-18 Mar. 2011	 Northern and Central Italy (A, B, C)	 239.07	

2	 5-8 Nov. 2011	 Northern Italy, Campania, Sardinia( A, B)	 417.06	
3	 10-12 Nov. 2012 	 Central Italy (Tuscany) (C)	 442.26	
4	 16-19 May 2013 	 North-East (Veneto) (B)	 351.01	
5	 30 Nov. - 2 Dec. 2013	 South (Apulia) (D)	 248.88	
6	 9-13 Oct. 2014	 North-west (Liguria-Piedmont) (A)	 349.71	

Table	2:	Rainfall	events	occurred	in	Italy	within	the	period	2011-2014	
for	 the	 case	 studies	 analysis.	 For	 each	 event,	 the	 maximum	
cumulated	rainfall,	calculated	during	the	rainfall	event,	is	reported.	
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