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These	results	have	been	obtained	from	analyses	conducted	in	the	framework	
of	the	NextData	project,	using	data	collected	or	produced	within	the	project.		

Overall	scope	
present	 and	 discuss	 results	 on	 extreme	 events	 in	 precipitation	 and	
temperature	over	 the	 Euro–Mediterranean	 region,	 and	 their	 possible	 effects	
on	the	hydrological	cycle	in	the	Alpine	area.		

Outline	
• 	Precipitation	extremes	in	the	global	projections:	a	new	metrics	

• 	Precipitation	extremes	in	regional	simulations	

• 	Heat	waves	and	impacts	on	Alpine	hydrological	cycle	
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• 	HISTORICAL										1966-2005	
• 	RCP8.5	scenario			2061-2100		

Daily	 data	 from	 the	Global	Precipitation	Climatology	
Project	(GPCP,	Bolvin	et	al.,	2009)	for	the	period	1997-2005.	
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P99	value	

Cavicchia	et	al.	Clim	Dyn,	2018	
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P99	timing	
• 	Is	computed	from	the	histogram	of	all	
the	values	in	the	time	series	such	that	
P>P99,	selecting	the	most	populated	
monthly	bin	in	the	histogram.	

• 	It	can	be	used	to	infer	physically-based	
criteria	to	divide	the	domain	in	coherent	
sub-regions	and	relevant	seasons	

• 	In	Central	and	Eastern	Europe	most	of	
the	extreme	events	in	summer.	

• 	In	Western	and	Southern	Europe	
maximum	during	autumn	and	winter.	

Cavicchia	et	al.	Clim	Dyn,	2018	
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(Regional)	Models	and	Data	

Cavicchia	et	al.	Clim	Dyn,	2018	
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Overall,	the	main	dipole	between	summer	
extremes	in	Central	Europe	and	winter-
autumn	extremes	in	South/West	Europe	
well	captured	by	all	models.	

Locally,	shifts	of	up	to	2-3	months	
can	be	noticed	between	different	
models.	

Ensemble	mean	–	TP99	Lag	difference	

TP99	Lag	between	models	and	E-OBS	
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• Best	skill:	Iberia,	
France,	Great	Alpine	
Region,	Anatolia.	

• Worst	skill:	Eastern	
Balkans,	North	Africa	
and	Middle	East.	

•  	Larger	skill	spread	
between	different	
regions	than	between	
different	models.	

Taylor	diagrams	of	the	P99	model	with	E-OBS	as	a	reference		

Iberia		 France		 GAR	

Italy		 W.	Balkans		 E.	Balkans		

Anatolia		N.	W.	Africa	 Middle	East	

Cavicchia	et	al.	Clim	Dyn,	2018	
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Questions:	

• 	Why	the	skill	in	reproducing	observations	exhibits	a	larger	spread	between	
different	regions	than	between	different	datasets	(models)?	

! 	Focus	on	the	different	contributions	to	extreme	events	from	large	scale	
and	convective	precipitation.	

Cavicchia	et	al.	Clim	Dyn,	2018	

Ratio	of	large	scale	to	total	
precipitation	for	extreme	events	
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• 	In	the	regions	where	all	models	tend	to	show	a	better	performance	
extreme	events	are	dominated	by	large	scale	precipitation.	

Cavicchia	et	al.	Clim	Dyn,	2018	
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• 	In	the	regions	where	all	models	tend	to	show	bad	performance,	large	
scale	precipitation	provides	a	smaller	contribution	to	extremes	

Cavicchia	et	al.	Clim	Dyn,	2018	
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Heat	Wave	Magnitude	Index	(HWMId)		

"  A	heat	wave	is	defined	as	a	period	during	which	Tmax	exceeds	the	90th	percentile	
(T90)	computed	on	a	31	day	window	and	a	30–year	reference	period	(1980-2010)	

"  Over	this	period	the	magnitude	is	defined	by	summing	a	function	of	the	
interquartile	spread	 	Σ	(Tmax-T25)/(T75-T25)	

"  The	HWMId	is	defined	as	the	maximum	magnitude	of	the	heat	waves	occurred	in	1	
year	period,	zero	if	no	heat	waves	occurred	

The	HWMId	(Russo	et	al	JGR	2015)	is	computed	from	daily	maximum	temperature	and	it	allows	
characterizing	the	duration	and	the	amplitude	of	an	heat	wave	with	a	single	number:	

Data:	20th	Century	Re–analyses:	
20C-2	from	1871	(NOAA,	Compo	et	al.	2011)		

20C-2c	from	1851	(NOAA,	Compo	et	al.	2015)		

ERA-20c	from	1900	(ECMWF,	Woodruff	et	al.,	2011)	

Zampieri	et	al	STOTEN	2016	



Climate	Change	in	the	Italian	Mountains	and	Mediterranean	Region	

<U.S.	“Dust	Bowl”>	
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! 20CR-2 
! 20CR-2c 
! ERA-20C 	
#  WEIGHTED AVERAGE 

Decadal	maximum	Heat	Wave	Magnitude	Index	
over	IPCC-SREX	regions	since	1850s	

Zampieri	et	al	STOTEN	2016	
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Trend	Towards	Earlier	
River	Discharge	Peaks	

Zampieri	et	al	STOTEN	2015	

•  Limited	effect	of	snow-melting	

•  Limited	effect	of	dams	

•  Shift	towards	earlier	(winter)	
precipitation	and	larger	liquid	ratio	

•  The	20	Century	Reanalysis	(20C-2)	is	
capturing	this	trend	

Global	Runoff	Data	Center		
(GRDC,	http://www.bafg.de)	and	from	local	
regional	authorities.	

HISTALP	(1801–	2003)	
CRU	TS	3.10.01	(1901–2009)	
Re–analysis	20C-2c	(1871-2010)	

 

SPRING	RIVER	DISCHARGE	TIMING	
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Linear	correlation	between	HWMI	
and	river	discharge	over	the	Alps	

HWMId	and	Summer	River	
Discharge	over	the	Alps	

Zampieri	et	al	STOTEN	2016	

HWMId	over	Alps	and	River	Discharge	in	August	(m3/s)	
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• 	We	have	provided	a	characterization	in	space	and	time	(new	metrics)	of	extreme	precipitation	events	
in	 the	 Euro-Mediterranean	 region	 based	 on	 E-OBS	 data	 and	 state-of-the-art	 climate	 models	
(MedCORDEX).	

• 	There	is	a	large	spread	in	model	performance	in	reproducing	the	statistics	of	extreme	precipitation	
events	in	different	regions.	

• 	Models	appear	to	perform	better	 in	regions	where	a	large	contribution	to	precipitation	extremes	
comes		from	large	scale	precipitation.	

• 	We	found	a	consistent	earlier	spring	discharge	of	more	than	two	weeks	per	century	 in	 the	basins	
located	north	of	the	Alps	(Rhine	and	Danube),	and	more	than	three	weeks	per	century	in	the	basins	
located	to	the	south	(Rhone	and	Po).	

• 	Heat	wave	occurrence	and	magnitude	(HWMId)	is	significantly	correlated	to	negative	anomalies	of	
river	discharge	originated	over	the	Alps.	

•  	 In	 the	 Euro-Mediterranean	 region,	 a	 stretching	 (increase	 of	 99p-90p)	 	 of	 the	 right	 tail	 of	 the	
precipitation	distribution	 is	 found	 in	 the	RCP8.5	 scenario	 simulations	 (2061-2100)	 compared	 to	 the	
historical	 period	 (1966:2005).	 This	 is	 evident	 also	over	 regions	 showing	 a	decrease	 in	 the	 averaged	
precipitation.		
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