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The	Valida3on	with	Observa3ons:		
1.	Annual	and	seasonal	means	for	bias	

and	spa3al	correla3on		
What	do	I	need??	
		
•  MONTHLY	3me	series	of	the	model	and	the	
observed	values	

How	should	I	process	the	data	??	
	
•  selec3on	of	the	4	seasons	and	than	

average	over	3me			
•  selec3on	of	sub-domains	and	average	over	

space	>	annual	cycle	



Mean	Valida3on		
Annual	Precipita3on	(mm/day)		



The	Valida3on	with	Observa3ons:		
2.	the	annual	cycle	



3.	The	Taylor	Diagrams:	informa3on	on	spa3al	
correla3on	and	signal	variability	

•  Provide	a	way	of	graphically	summarizing	how	closely	a	paWern	(or	a	
set	of	paWerns)	matches	observa3ons.	The	similarity	between	two	
paWerns	is	quan3fied	in	terms	of	their	correla3on,	their	centered	
root-mean-square	difference	and	the	amplitude	of	their	varia3ons	
(represented	by	their	standard	devia3ons).	

•  Note	that	there	is	NO	informa3on	on	BIAS	in	aTaylor	diagram,	since	
any	difference	in	the	means	is	first	removed,		before	compu3ng	the	
second-order	sta3s3cs.	

	



Taylor Diagram Primer 
 

Karl E. Taylor 
January 2005 

 
Taylor diagrams (Taylor, 2001) provide a way of graphically summarizing how closely a pattern 
(or a set of patterns) matches observations.  The similarity between two patterns is quantified in 
terms of their correlation, their centered root-mean-square difference and the amplitude of their 
variations (represented by their standard deviations).  These diagrams are especially useful in 
evaluating multiple aspects of complex models or in gauging the relative skill of many different 
models (e.g., IPCC, 2001).  
 
Figure 1 is a sample Taylor diagram which shows how it can be used to summarize the relative 
skill with which several global climate models simulate the spatial pattern of annual mean 
precipitation.  Statistics for eight models were computed, and a letter was assigned to each model 
considered.  The position of each letter appearing on the plot quantifies how closely that model's 
simulated precipitation pattern matches observations.  Consider model F, for example.  Its 

Figure 1:  Sample Taylor diagram displaying a statistical comparison with observations of eight model estimates 
of the global pattern of annual mean precipitation. 



•  The	sta3s3cs	can	be	normalized	(and	non-dimensionalized),	dividing	both	the	
RMS	difference	and	the	standard	devia3on	of	the	”model"	field	by	the	
standard	devia3on	of	the	observa3ons.	In	this	case	the	"observed"	point	is	
ploWed	on	the	x-axis	at	unit	distance	from	the	origin.	This	makes	it	possible	to	
plot	sta3s3cs	for	different	fields	(with	different	units)	on	the	same	plot.	

3.	The	Taylor	Diagrams:	informa3on	on	spa3al	
correla3on	and	signal	variability	

!

!

!
!

Figure	3.	Taylor	diagrams	of	the	ensemble	mean	seasonal	precipita3on	in	the	different	analysis	regions	for	the	ERA-Interim,	RCM44	and	
RCM11	(both	All	Models	and	Med-CORDEX	models)	ensembles	with	respect	to	the	corresponding	regional	observa3on	datasets.	The	distance	
from	the	point	1	measures	the	centered	(bias	removed)	RMSE	and	the	mean	is	taken	over	the	different	regional	analysis	periods.	



4.	Interannual	Variability	
The	ability	of	a	climate	model	to	capture	realis3c	interannual	variability	is	an	
important	measure	of	its	performance.	

•  The	interannual	standard	devia3on	(for	temperature):	it	is	a	measure	of	
how	much	a	model	is	able	to	reproduce	the	year	by	year	variability	of	
temperature	compared	for	example	to	the	observa3ons.		It	is	calculated	as	
standard	devia3on.	

	 mean	value	of	temp	(for	example)	
for	the	period	considered	the	value	of	a	single	year	

number	of	years	



Simulated	versus	observa3on-based	interannual	variability	over	land.	(a)	Simulated	
interannual	variability	in	surface	temperature	obtained	by	compu3ng	the	standard	
devia3on	of	annual	mean	values	from	the	unforced	control	simula3on.	



4.	Interannual	Variability	
•  The	coefficient	of	varia3on	(for	precipita3on):	it	is	a	measure	of	

rela3ve	variability.	It	is	the	ra3o	of	the	standard	devia3on	to	the	
mean	(average):	

	
	 	Coefficient	of	Varia3on	=	(Standard	Devia3on	/	Mean)	*	100	

	
	
The	coefficient	of	varia3on	is	useful	because	the	standard	devia3on	of	
precipita3on	data	must	always	be	compared	to	the	mean	value.		
This	because	of	the	large	variability	of	precipita3on	values.		
Moreover,	the	actual	value	of	the	CV	is	a	dimensionless	number,	thus	
it’s	perfect	for	comparison	between	data	sets	with	different	units	or	
widely	different	means.	



Low	CV	=	
high	precip	
area		

high	CV	=	low	
precip	area		

Typical	values	of	CV	in	Africa	



Extremes	Valida3on:		

What	do	I	need??		
	
•  DAILY	(or	sub-daily)	3me	series	of	the	model	and	
the	observed	values		

	
For	example:	if	I	have	a	10-year	period,	my	daily	3me	
series	will	have	3650	3me	steps.		
	
•  at	a	grid	point	level,	without	averaging	over	space		

I	need	to	keep	BOTH	the	SPACE	
and	TIME	resolu3on	high!!		



Extremes	Valida3on:		
1.	the	Probability	Distribu3on	Func3on	

50p	 75p	95p	 99p	



Extremes	Valida3on:		
2.	R95	and	R99	

DEFINITION:		
Precipita3on	percent	due	to	the	sum	of	those	days	>	95th	(or	99th)	
percen3le	of	the	daily	precipita3on	amount	at	WET	days	(precip	>=	1	mm)	
for	any	period	used	as	reference.	(%)	



Extremes	Valida3on:		
3.	Consecu3ve	Dry	Days	(CDD)	

DEFINITION:	Consecu3ve	dry	index	per	3me	period.	

CALCULATION:	
Given	a	daily	3me	series	of	precipita3on,	the	largest	number	of		consecu3ve	
dry	days	(where	precip	<	1	mm)	is	counted.	Units	are	No.	of	days.	
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Extremes	Valida3on:		
4.	Simple	Daily	Intensity	Index	(SDII)	

DEFINITION:	Simple	daily	intensity	index	per	3me	period,	that	is	the	mean	
precipita3on	amount	at	wet	days	(precip	>=	1	mm).		Units	are	mm/day		
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Extremes	Valida3on:		
5.	WET/DRY	Frequency	

CALCULATION:	
The	number	of	wet	(or	dry)	days	are	summed	up	and	divided	for	the	total	number	
of	days	in	the	period	considered.	Units	are	%.	
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Extremes	Valida3on:		
6.	Hydro-clima3c	Index	(Hy-int)	

DEFINITION:	Product	of	normalized	mean	precipita3on	intensity	(SDII)	and	normalized	mean	
dry	spell	length	(DSL).	It	is	a	measure	of	change	in	hydroclima3c	regimes,	with	increasing	HY-
INT	implying	a	shiq	towards	a	regime	of	more	intense	and	less	frequent	precipita3on	events.		

FIG. 1. Maps of observed (left to right) INT, DSL, and HY-INT over Europe for five illustrative years. (a)
1978: example of a year with relatively normal conditions; (b) 1989: example of a year with high HY-INT
values over central and eastern Europe mostly due to relatively dry conditions (high DSL; Luterbacher
et al. 2004); (c) 1997: example of a year with high HY-INT due to relatively dry conditions over France and
Italy and wet conditions (high INT) over northeastern Europe (Barredo 2007); (d) 2002: example of a year
with high HY-INT due to relatively wet conditions over central Europe (Barredo 2007); and (e) 2003:
example of a year with high HY-INT due to relatively dry conditions over central Europe (Beniston 2004;
Schär et al. 2004).
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CALCULATION:		
•  given	a	daily	3me	series	of	precipita3on,	the	mean	CDD	for	each	year	and	the	mean	CDD	

for	all	the	period	are		computed.		
•  dividing	CDDyearly	/	meanCDD	=	normalized	CDD	
•  the	same	is	done	for	SDII	



Extremes	Valida3on:		
7.	Psum>R95obs	

DEFINITION:	The	total	precipita3on	above	the	reference	95th	percen3le	of	OBSERVED	DAILY	
precipita3on.	Units	are	mm.		
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CALCULATION:		
•  given	a	daily	3me	series	of	OBSERVED	

precipita3on,	the	95th	percen3le	is	
calculated.	

•  each	day	of	the	model	precipita3on	
3me	series	is	compared	with	this	
threshold	and	is	taken	into	account	
only	if	it	exceeds	it.		

•  the	total	precipita3on	is	then	
calculated	summing	up	the	
precipita3on	of	all	the	selected	days.	



95p	
95p	

MODEL	 OBS	



Extremes	Valida3on:		
8.	Heat	waves	

DEFINITION:	Heat	wave	dura3on	index,	that	is	the	number	of	heat	wave	days,	where	a	heat	
wave	occurs	when	for	at	least	Nd	consecu3ve	days	the	daily	maximum	temperature	exceeds	
the	long	term	average	(TXnorm)	by	at	least	Nt	degrees.		

CALCULATION	(of	TXnorm):	
	
•  given	 a	 3me	 series	 of	 daily	

maximum	 temperature,	 the	
mean	of	maximum	temperature	
of	a	5	day	window	centered	on	
each	 calendar	 day	 of	 a	 given	
climate	 reference	 period	 is	
computed.	 (the	 so-cal led	
running	mean)	

The	ensemble	average	change	in	number	of	heat	wave	days	(HWD)	per	year	per	degree	of	
(local)	warming,	when	both	Nd	and	Nt	are	equal	to	5	
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Extremes	Valida3on:		
8.	Heat	waves	
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The	last	case	would	be	indica3ve	of	the	
occurrence	of	extremely	severe	heat	waves	in	
which	anomalies	of	at	least	10°C	would	
persist	for	at	least	10	days.	When	only	Nd	is	
increased	to	10	days,	we	do	not	find	strong	
differences	with	respect	to	the	first	figure,	
while	the	increase	in	HWD	is	inhibited	when	
Nt	is	increased	to		10°C	with	change	values	
HWD/year.	

The	main	factor	affec3ng	the	increase	of	
HWD	(with	respect	to	present	day	
climatology)	is	the	mean	warming,	rather	
than	the	occurrence	of	peak	
temperature	anomalies.		

(Giorgi	et	al.,	2014)	



Extremes	Valida3on:		
9.	Return	Period	and	Flood	Maps	

DEFINITION:		
The	probability	that	the	event	will	be	equalled	or		exceeded	in	any	one	year.	This	does	not	mean	that	a	100-year	
flood	will	happen	regularly	every	100	years,	or	only	once	in	100	years.	Despite	the	connota3ons	of	the	name	
"return	period".	In	any	given	100-year	period,	a	100-year	event	may	occur	once,	twice,	more	or	never.		

T=100	yr	
T=500	yr	



The	Regional	Added	Value:	a	necessary	introduc3on	
regarding	observa3ons	uncertanty			

Gridded	observed	dataset		

1.  to	move	from	the	sta3on	based	informa3on	to	the	grid	
based,	we	need	to	go	trough	several	steps,	for	example:	
•  quality	control	
•  homogeniza3on	of	the	data	
•  sta3s3cal	procedure	to	interpolate	the	data	on	the	grid	

	
2.  Moreover	between	gridded	observa3ons	there	can	be	many	

differences	due	for	example	to:	
•  the	grid	resolu3on	
•  sta3on	density	
•  interpola3on	method		
•  sampling	error,	that	for	precipita3on	depends	on	the	

spa3al	variability	that	is	influenced	by	the	orography,	
season,	temporal	resolu3on,	and	type	of	precipita3on	
(Schneider	et	al.,	2014;	Rudolf	et	al.	1994).		
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Figure	1:	Seasonal	average	precipita3on	differences	in	DJF	(leq)	and	JJA	(right)	between	CRU	and	the	HRO	
(first	row),	E-OBS	and	CRU	(second	row),	and	E-OBS	and	HRO	(third	row).	

Rain	for	the	European	area	on	a	common	0.11	degree	
resolu3on	grid.	One	is	the	High	resolu3on	Regional	
Observa3on	dataset	(HRO)	that	is	composed	of	9	regional	
observed	datasets	described	in	Fan3ni	et	al.	2016,	with	
resolu3on	spanning	between	1	km	and	12	km	resolu3on;	
the	E-OBS	dataset	(Haylock	et	al.,	2008)	of	25	km	resolu3on	
and	the	CRU	dataset	(Harris	et	al.,	2014)	0.5	degree	
resolu3on.	

The	main	differences	between	these	datasets	are	more	
evident	in	the	region	of	complex	topography	like	the	Alps	
to	start	with,	but	also	Norway,	the	Apennine	in	Italy,	the	
Carpathian,	the	west	coast	of	England	and	the	Pyrenees.	
The	magnitude	of	the	differences	are	bigger	and	up	to	6	
mm/day	between	the	HRO	and	CRU	due	to	differences	in	
resolu3on	and	sta3on	density,	but	also	evident	between	
E-OBS	and	HRO.	Like	for	example	there	is	a	clear	
difference	in	spa3al	distribu3on	of	precipita3on	in	JJA	
over	the	Alpine	region	where	the	HRO	show	less	
precipita3on	than	E-OBS	on	the	top	of	the	mountain	and	
more	on	the	side	probably	due	to	the	bigger	difference	in	
sta3on	density	(Prein	and	Gobiet,	2016).		

A	comparison	between	3	different	datasets	of	
observed	precipita3on			



  

  
!

with	gauge-correc3on	

  

  
!

without	gauge-correc3on	

Another	example	of	model	valida3on	with	mul3ple	observa3on	dataset:	
for	each	season	(DJF	and	JJA)	and	each	of	the	9	European	regions,	we	computed	the	
average	regional	bias	for	each	regional	climate	models	ensemble.		

Due	to	the	well	known	problem	of	precipita3on	under-catch,	especially	under	cold	season	
snow-blowing	condi3ons	(Adam	and	LeWenmaier	2003;	Adam	et	al.	2006)	,	when	wind	can	
affect	what	really	is	detected	by	the	device.	
We	added	a	gauge	correc3on	for	the	datasets	that	do	not	include	it,	i.e.	the	Alps,	Spain,	
Germany,	Italy,	UK	and	the	Carpathians.		
For	the	other	regional	datasets,	a	similar	correc3on	was	already	included	or	was	implicit	in	
the	use	of	a	reanalysis,	as	reported	in	the	literature.		
	



The	Regional	Added	Value:	where	can	I	find	it?		
NOT	in	the	BIAS..but	

1.	in	the	spa3al	paWerns	of	precipita3on	
JJA 

Torma et al., JGR, (2015) 



Fantini et al. (2016) 

The	Regional	Added	Value:	where	can	I	find	it?	
2.	in	the	spa3al	paWerns	of	extreme	precipita3on	indices	

SDII 
ERAINT RCM44-ALL RCM11-ALL High-res OBS 
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The	Regional	Added	Value:	where	can	I	find	it?	
3.	in	the	daily	precipita3on	intensity	PDF		

0.11o 

0.44o 

1.32o 

RCMs are always closer  
to OBS (also when upscaled) 



It	 can	 be	 obtain	 by	 decomponing	 the	 RegCM	 signal	 into	 a	 large-scale	
component	and	a	mesoscale	signal	(Coppola	et	al.,	2010):		
	
•  The	large-scale	component,	for	example,	can	be	iden3fied	by	carrying	out	a	

spa3al	average	of	the	RCM	fields	to	reach	a	resolu3on	of	~	100	km.	

•  The	mesoscale	signal	 is	then	obtained	by	simply	subtrac3ng	the	calculated	
large-scale	component	from	the	full	RCM	fields.		

•  This	 generates	 an	 anomaly	 field	 in	 which	 the	 large-scale	 component	 is	
filtered	out.		

The	Regional	Added	Value:	where	can	I	find	it?	
4.	in	the	Mesoscale	Signal	



the	higher	resolu3on	run	can	beWer	represent	
the	 observed	 variables	 spa3al	 distribu3on	 at	
high	resolu3on	.	



Climate	Change	Signal	(ensemble	of	models):	
1.	the	mean	change		

1.  the	individual	change	for	each	member	of	the	ensemble	is	computed	
2.  the	ensemble	CHANGE	is	the	ensemble	mean	of	all	the	changes			



Climate	Change	Signal	(ensemble	of	models):	
2.	the	change	in	the	extreme	indices	

Example:	the	R95	DEFINITION	is			
“Precipita3on	percent	due	to	the	sum	of	those	days	>	95th	(or	99th)	
percen3le	of	the	daily	precipita3on	amount	at	WET	days	(precip	>=	1	mm)	
for	any	period	used	as	reference”	



Extremes	Valida3on:		
2.	R95	and	R99	
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The	result	will	be	
a	MAP	of	mean	
values	with	only	1	
3mestep:		
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The	result	will	be	1	single	
value	for	each	single	year:	

year	1:	2,7;	year2:	3	...	



Climate	Change	Signal	(ensemble	of	models):	
3.	Spaghez	plots	

Time	evolu3on	of	annual	values	of	the	2	hydroclima3c	indices	considered	averaged	over	
tropical	land	areas	for	10	GCM	and	their	ensemble	mean.	Also	shown	for	the	historical	
period	are	the	corresponding	values	for	the	CPC_GLOBAL	observa3ons.	The	two	values	
in	parentheses	are	the	linear	trends	for	the	1976-2005	and	2006-2100	periods,	
respec3vely	and	an	asterisk	indicates	that	the	trend	in	sta3s3cally	significant	at	the	95%	
confidence	level.	Units	are	%	/	100	yrs.	



Added	Value:	R95	change	for	the	historical	period	1976–2005	and	the	three	resolu3on	grids.	Units	are	in	percent	
of	total	precipita3on	accounted	for	by	events	above	the	95th	percen3le.			



Ensemble	mean	linear	trend	values	for	the	future	period	2006-2100		



Ensemble	mean	and	inter-model	90%	significance	range	of	the	linear	trend	values	for	the	period	2006-2100,	averaged	
over	global	(60	S	-	60	N)	and	tropical	(30	S	-	30	N)	land	areas	and	over	7	con3nental	regions.	Units	are	%	/	100	yrs			

Climate	Change	Signal	(ensemble	of	models):	
4.	Model	consensus			
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Climate	Change	Signal	(ensemble	of	models):	
5.	Change	of	Inter-annual	variability		

mean	value	of	temp	(for	example)	
for	the	period	considered	the	value	of	a	single	year	

number	of	years	

•  to	be	calculated	both	for	teh	REFERENCE	period	and	
for	the	FUTURE	

•  the	change	will	be:	

	 	 	σfut	-	σref	



Climate	Change	Signal	(ensemble	of	models):	
5.	Inter-annual	variability		

Coppola	et	al.	(2009)	

A	decrease	in	variability	is	projected	to	
extend	from	northern	to	central	(and	
some	areas	of	southern)	Italy.	This	is	
consistent	with	the	decrease	in	cold	
climate	temperature	variability	found	in	
previous	analyses	of	climate	change	
simula3ons	(Ra	̈	isa	̈	nen,	2002;	Giorgi	
and	Bi,	2005b).	It	has	been	aWributed	
primarily	to	the	reduc3on	of	snow	cover	
and	associated	weakening	of	the	snow	
albedo	feedback	mechanism	(which	
tends	to	increase	variability)	

ASSESMENT OF TEMPERATURE AND PRECIPITATION CHANGES OVER ITALY

spread in the B2 scenario simulation is large, and this
can also be attributable to the relatively small number
of PRUDENCE models that completed B2 scenario
simulation.

Figure 8 shows the temperature and precipitation
changes and inter-model spread for different scenarios
and different time periods over the NI region as inferred
from the CMIP3 models. For both temperature and pre-
cipitation we see a monotonic increase in the magnitude
of the ensemble average change signals as a function of
GHG load in the scenario and time period for the 21st
century. This is indicative of a monotonic dependence
of the ensemble average change on the GHG forcing,
as found in previous studies for larger regions (Mitchell,
2003; Giorgi, 2005b). This dependency is the basis of the
pattern scaling approach to regional climate change sce-
nario generation (Mitchell, 2003) and our results suggest
that pattern scaling roughly applies even at the relatively
small sub-regional scales analysed here.

The inter-model spread is generally smaller than the
ensemble average signal for temperature, even in the
early decades of the century (Figure 8) or for the lowest
GHG scenarios. For precipitation however, only in the
case of the summer (and in some instances spring) drying
the spread is lower than the signal, thereby indicating an

agreement across models. In this regard, we emphasize
that we are here analyzing small-scale regions, for which
the variability is relatively high (Giorgi, 2002). This
provides a more stringent test for inter-model agreement
than at wider scales. Finally, comparison of Figures 7
and 8 shows a general consistency between the CMIP3
and PRUDENCE results, both in terms of mean changes
and inter-model spread.

Ensemble average changes in temperature and precip-
itation inter-annual variability (as measured by the inter-
annual standard deviation and coefficient of variation,
respectively) are shown in Figures 9 and 10, respectively.
The changes are calculated for the period 2071–2100
with respect to 1961–1990 and for the A2 scenario.

Again we find a substantial similarity across the
two ensembles. For temperature a decrease in vari-
ability is projected to extend from northern to central
(and some areas of southern) Italy. This is consistent
with the decrease in cold climate temperature variability
found in previous analyses of climate change simula-
tions (Räisänen, 2002; Giorgi and Bi, 2005b). It has been
attributed primarily to the reduction of snow cover and
associated weakening of the snow albedo feedback mech-
anism (which tends to increase variability). By contrast,
summer temperature variability increases over the whole

Figure 9. Ensemble average change in surface air temperature inter-annual variability (A2 scenario, 2071–2100 minus 1961–1990) for the
CMIP3 AOGCMs [panels (a), (c)] and the PRUDENCE RCMs [panels (b), (d)] for winter (DJF, top panels) and summer (JJA, bottom panels).
Units are % of 1961–1990 values. The inter-annual variability is measured buy the inter-annual standard deviation. This figure is available in

colour online at www.interscience.wiley.com/ijoc

Copyright © 2009 Royal Meteorological Society Int. J. Climatol. (2009)
DOI: 10.1002/joc

DJ
F	

JJ
A	

Temperature	

By	contrast,	summer	temperature	
variability	increases	over	the	whole	
Italian	peninsula,	especially	the	
northern	regions.	This	is	also	
consistent	with	previous	findings	(Ra	̈	
isa	̈	nen,	2002;	Giorgi	et	al.,	2004b;	
Scha	̈r	et	al.,	2004;	Giorgi	and	Bi,	
2005b)	and	has	been	aWributed,	at	
least	par3ally,	to	an	enhancement	of	
the	soil	moisture–temperature	
feedbacks	in	the	drier	soil	condi3ons	
of	future	warmer	climates.	



Climate	Change	Signal	(ensemble	of	models):	
5.	Inter-annual	variability		

Coppola	et	al.	(2009)	

only	small	changes	in	the	
winter,	but	a	marked	
increase	throughout	the	
peninsula	in	summer.	
It	is	likely	that	in	the	
summer	the	increase	in	
temperature	and	pre-	
cipita3on	variability	are	
coupled	to	each	other,	as	
clear	(rainy)	condi3ons	are	
associated	with	higher	
(lower)	insola3on	and	
higher	(lower)	
temperatures.	
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E. COPPOLA AND F. GIORGI

Figure 10. Ensemble average change in precipitation inter-annual variability (A2 scenario, 2071–2100 minus 1961–1990) for the CMIP3
AOGCMs [panels (a), (c)] and the PRUDENCE RCMs [panels (b), (d)] for winter (DJF, top panels) and summer (JJA, bottom panels). Units
are % of 1961–1990 values. The inter-annual variability is measured buy the inter-annual coefficient of variation. This figure is available in

colour online at www.interscience.wiley.com/ijoc

Italian peninsula, especially the northern regions. This is
also consistent with previous findings (Räisänen, 2002;
Giorgi et al., 2004b; Schär et al., 2004; Giorgi and Bi,
2005b) and has been attributed, at least partially, to an
enhancement of the soil moisture–temperature feedbacks
in the drier soil conditions of future warmer climates.

Concerning precipitation variability, we find only small
changes in the winter, but a marked increase throughout
the peninsula in summer. Also this result is consistent
with previous findings and has been attributed mostly to
a more intense hydrologic cycle and stronger soil mois-
ture–precipitation feedbacks in global warming condi-
tions (Räisänen, 2002; Giorgi and Bi, 2005b). It is likely
that in the summer the increase in temperature and pre-
cipitation variability are coupled to each other, as clear
(rainy) conditions are associated with higher (lower) inso-
lation and higher (lower) temperatures.

3.3. Changes in the distribution of seasonal climate
anomalies

In this section, we analyse changes in the distribution of
seasonal temperature and precipitation anomalies. This is
important to assess the changes not only in seasonal mean
and variability, but also in seasonal extremes. Again, we

use as reference the A2 scenario, which is common to
the CMIP3 (NI region only) and PRUDENCE (NI, CI
and SI regions) ensembles. Our analysis is based on his-
tograms of individual seasonal anomalies with respect to
the ensemble average mean for the 1961–1990 reference
period. The anomalies are calculated and intercompared
for the 1961–1990 (black continuous histograms) and
2071–2100 (red dashed histograms) periods and for all
available model simulations. In order to facilitate the
inter-comparison, each histogram is normalized by the
total number of available simulated seasons, which is dif-
ferent for the reference and A2 periods (Table I). As a
result, the histograms can be considered as discrete prob-
ability density functions (PDFs) of seasonal anomalies.

Figures 11 and 12 show the temperature and precipita-
tion seasonal anomaly PDFs for the PRUDENCE simu-
lations. Results for the reference and A2 simulations, the
four seasons and three Italian sub-regions are reported.
For temperature (Figure 11), we find that the PDFs for
the reference period are generally symmetric and rela-
tively narrow in all seasons, especially in the SI region.
Comparison of the A2 and reference PDFs indicates a
substantial shift of the mean and a general widening and

Copyright © 2009 Royal Meteorological Society Int. J. Climatol. (2009)
DOI: 10.1002/joc

Precipita3on		



The	list	of	the	variables	created	by	
pycordex	postprocessor	

+------------+------------+-----------------------------------------------+	
|	variable			|	RegCM	file	|	Descrip3on																																			|	
+------------+------------+-----------------------------------------------+	
|	tas								|	SRF,STS				|	Near-Surface	Air	Temperature																		|	
+------------+------------+-----------------------------------------------+	
|	pr									|	SRF,STS				|	Precipita3on																																	|	
+------------+------------+-----------------------------------------------+	
|	prc								|	SRF								|	Convec3ve	Precipita3on																						|	
+------------+------------+-----------------------------------------------+	
|	huss							|	SRF								|	Near-Surface	Specific	Humidity																|	
+------------+------------+-----------------------------------------------+	
|	hurs							|	SRF								|	Near-Surface	Rela3ve	Humidity																|	
+------------+------------+-----------------------------------------------+	
|	evspsbl				|	SRF								|	Evapora3on																																			|	
+------------+------------+-----------------------------------------------+	
|	mrros						|	SRF								|	Surface	Runoff																																|	
+------------+------------+-----------------------------------------------+	
|	ps									|	SRF								|	Surface	Air	Pressure																										|	
+------------+------------+-----------------------------------------------+	
|	psl								|	ATM								|	Sea	Level	Pressure																												|	
+------------+------------+-----------------------------------------------+	
|	tasmax					|	STS								|	Daily	Maximum	Near-Surface	Air	Temperature				|	



+------------+------------+-----------------------------------------------+	
|	tasmin					|	STS								|	Daily	Minimum	Near-Surface	Air	Temperature				|	
+------------+------------+-----------------------------------------------+	
|	sfcWindmax	|	STS								|	Daily	Maximum	Near-Surface	Wind	Speed									|	
+------------+------------+-----------------------------------------------+	
|	mrro							|	SRF								|	Total	Runoff																																		|	
+------------+------------+-----------------------------------------------+	
|	sfcWind				|	SRF								|	Near-Surface	Wind	Speed																							|	
+------------+------------+-----------------------------------------------+	
|	ua850						|	ATM,ATMp			|	Eastward	Wind	(at	850	hPa)																				|	
+------------+------------+-----------------------------------------------+	
|	va850						|	ATM,ATMp			|	Northward	Wind	(at	850	hPa)																			|	
+------------+------------+-----------------------------------------------+	
|	ta850						|	ATM,ATMp			|	Air	Temperature	(at	850	hPa)																		|	
+------------+------------+-----------------------------------------------+	
|	hus850					|	ATM,ATMp			|	Specific	Humidity	(at	850	hPa)																|	
+------------+------------+-----------------------------------------------+	
|	ua500						|	ATM,ATMp			|	Eastward	Wind	(at	500	hPa)																				|	
+------------+------------+-----------------------------------------------+	



+------------+------------+-----------------------------------------------+	
|	va500						|	ATM,ATMp			|	Northward	Wind	(at	500	hPa)	|	
+------------+------------+-----------------------------------------------+	
|	ta500						|	ATM,ATMp			|	Air	Temperature	(at	500	hPa)		|	
+------------+------------+-----------------------------------------------+	
|	zg500						|	ATM,ATMp			|	Geopoten3al	Height	(at	500	hPa)	|	
+------------+------------+-----------------------------------------------+	
|	ua200						|	ATM,ATMp			|	Eastward	Wind	(at	200	hPa)					|	
+------------+------------+-----------------------------------------------+	
|	va200						|	ATM,ATMp			|	Northward	Wind	(at	200	hPa)	|	
+------------+------------+-----------------------------------------------+	
|	ta200						|	ATM,ATMp			|	Air	Temperature	(at	200	hPa)	|	
+------------+------------+-----------------------------------------------+	
|	zg200						|	ATM,ATMp			|	Geopoten3al	Height	(at	200	hPa)|	
+------------+------------+-----------------------------------------------+	

...and	other	2	levels	will	be	extracted	(700	and	925	hPa)...		

...is	there	anything	else	to	add??		
Do	you	think	that	these	variables	are	enough	to	capture	the	
clima3c	processes	of	your	domain?	



...and	finally..	here	is	the	archive	of	the	
data	to	be	analized:		

•  /home/clima-archive4/WORKSHOP/daily/		and	
monthly/	folders	

•  example:	/home/clima-archive4/WORKSHOP/
daily/South_America	-->will	contain	daily	
pycordex	generated	precip	and	temperature	for	
South	America		

•  /home/clima-archive4/WORKSHOP/monthly/
South_America	-->will	contain	monthly	pycordex	
generated	precip	and	temperature	for	South	
America		

•  /home/clima-archive4/WORKSHOP/scripts/		


