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N	=	years	of	data	
T<=	2N		but	the	target	is	T=100,	200,	500	years!!	
Considering	the	hydrological	quan-ty	as	a	random	variable:		
the	maximum	discharges	of	a	river,	can’t	be	predictable	and	occur	with	
remarkable	varia-ons	in	intensity,	thus	we	need	to	define	the	feasible	range	of	
values	that	they	can	assume,	through	a	sta-s-cal-probabilis-c	analysis	on	the	
base	of	OBSERVED	(or	MODELLED)	DATA,	so	that	the	frequency	of	occurrence	can	
be	deduced.		
When	speaking	of	flood	events,	the	“frequency”	is	o_en	expressed	in	terms	of	
“RETURN	PERIODS”	=	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	connota-ons	of	the	name	
"return	period".	In	any	given	100-year	period,	a	100-year	event	may	occur	once,	
twice,	more	or	never.		

	

THE	METHOD:		
Sta-s-cal	Flood	Frequency	analysis:	why?	



THE	METHOD:		
From	the	discharge	climatology	to	the	Flood	hazard	maps	

setup of Lisflood, nine parameters are calibrated against
measured discharges using the Shuffled Complex Evolu-
tion Algorithm (Duan et al., 1994). Daily discharge data
at 481 gauging sites throughout Europe (see Figure 2)
were provided by the Global Runoff Data Centre (http://
www.bafg.de/GRDC). The calibration period varied
among the catchments depending on the availability of
discharge measurements, though a minimum of 6 years of
daily values between 1995 and 2010 was used. Overall,
no discharge observation was available for calibration in
37% of the considered European area. In these cases, a
standard parameter set was adopted.

Dynamic input and hydrological simulation

A 21-year continuous discharge time series with
European coverage is generated using the calibrated
Lisflood setup. The model is run from 1 January 1990
till 31 December 2010, and results are then used to derive
climatological information at each grid point. For sake of
brevity, it is hereinafter referred to as ‘discharge
climatology’. The meteorological input data forcing
Lisflood for the simulation period is obtained by
combining point measurements from the Monitoring
Agricultural Resources agro-meteorological database
(Rijks et al., 1998), the World Meteorological

Figure 1. Schematic view of the proposed approach

Figure 2. Discharge gauging stations used to calibrate the Lisflood model
for Europe (black circles) and area considered for the derivation of the

pan-European flood hazard map (in white)
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1.  The	maximum	discharges	of	a	river,	can’t	be	predictable	and	occur	with	
remarkable	varia-ons	in	intensity,	thus	we	need	to	define	the	feasible	range	of	
values	that	they	can	assume,	through	a	sta-s-cal-probabilis-c	analysis	on	the	base	
of	OBSERVED	(or	MODELLED)	DATA,	so	that	the	frequency	of	occurrence	can	be	
deduced.		

When	speaking	of	flood	events,	the	“frequency”	is	o_en	expressed	
in	terms	of	“RETURN	PERIODS”	=	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	connota-ons	of	the	name	"return	
period".	In	any	given	100-year	period,	a	100-year	event	may	occur	
once,	twice,	more	or	never.		
	

Thus,	the	aim	of	the	sta-s-cal	analysis	is	the	determina-on	of	the	rela-onship:		
																																																																		

																																																																			QD	=	QD(T)	
	
between	discharges	and	return	periods.	



Thus,	the	aim	of	the	sta-s-cal	analysis	is	the	determina-on	of	the	rela-onship:		
																																																																		

																																																																			QD	=	QD(T)	
	
between	discharges	and	return	periods.	

A	possible	solu-on	is	the	formula-on	of	a	Synthe-c	Design	
Hydrograph	(SDH)	

(Maione					et	al.,	2003)	

This	is	crucial	in	flood	management	(typical	cases:	defini-on	of	inunda-on	
maps	and	op-misa-on	of	flood	plain	management	in	view	of	risk	
mi-ga-on)	where	the	elements	of	interest	are	in	the	defini-on	of	
hydrological	risk	are:	

1.  the	peak	discharge	
2.  the	flood	volume	
3.  the	shape	of	the	hydrograph	(A	hydrograph	is	a	graph	showing	the	

rate	of	flow	(discharge)	versus	-me	past	a	specific	point	in	a	river),	
that	gives	the	informa-on	on	when	the	peak	would	occur	



The	return	period	is	the	inverse	of	the	probability	that	the	event	will	
be	exceeded	in	any	one	year	(or	more	accurately	the	inverse	of	the	
expected	number	of	occurrences	in	a	year).	For	example,	a	10-year	
flood	has	a	1	/	10	=	0.1	or	10%	chance	of	being	exceeded	in	any	one	
year	and	a	50-year	flood	has	a	0.02	or	2%	chance	of	being	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	connota-ons	of	the	
name	"return	period".	In	any	given	100-year	period,	a	100-year	event	
may	occur	once,	twice,	more,	or	not	at	all,	and	each	outcome	has	a	
probability	that	can	be	computed	as	below.	



Data	sampling	of	QD	and	rD	from	an	historical	hydrographs	(D=16):	

rD=Db/D		

The	construc-on	of	the	SDH	is	based	on	the	Flow	Dura-on	Frequency	reduc-on	curves	
(FDF)	that	can	be	obtained		through	the	sta-s-cal	analysis	of	historical	hydrographs:	

the	ra-o	between	the	
-me	prior	to	the	peak	(in	
the	-me	interval	in	which	
the	maximum	avarage	
discharge	of	given	
dura-on	falls)	and	the	
dura-on	D.	

the	annual	maxima	average	discharges	for	each	dura-on	D	are	computed	for	each	hydrograph	
and	for	all	the	dura-ons	ranging	from	0	to	Df,	represen-ng	the	total	dura-on	of	flood	events	for	
a	given	river	site.	



Let’s	try	to	do	an	example..	



Let’s	try	to	do	an	example..	



	QD	=	QD(T)	

Following	NERC	(1975),	let’s	consider	this	empirical	rela-onship:	

Assump-on	(on	the	base	of	several	
studies	in	literature):	the	reduc-on	
ra-o	is	independent	of	the	return	
period	T	

(NERC,1975)	

(Bacchi	et	al.,	1992)	

Two	possible	approaches	to	iden-fy	the	form	of	the	reduc-on	formula:		

Once	es-mated	εD,	the	equa-on	for	
the	FDF	curves	becomes:	
QD(T)	=	Q0(T)	εD	,	thus	only	the	peak	
(maximum)	flow	discharge	Q0(T)	
should	be	determined	

THE	GOAL:	

the	maximum	average	
discharges	

the	peak	flood	discharge	



ε3=	280.12	/	313.29	

Let’s	try	to	do	an	example..	



Let’s	try	to	do	an	example..	



Let’s	try	to	do	an	example..	
one	of	the	possible	func-ons	that	can	
well	fit	the	values	of	rD	



	QD	=	QD(T)	

Following	NERC	(1975),	let’s	consider	this	empirical	rela-onship:	

Assump-on	(on	the	base	of	several	
studies	in	literature):	the	reduc-on	
ra-o	is	independent	of	the	return	
period	T	

(NERC,1975)	

(Bacchi	et	al.,	1992)	

Two	possible	approaches	to	iden-fy	the	form	of	the	reduc-on	formula:		

Once	es-mated	εD,	the	equa-on	for	
the	FDF	curves	becomes:	
QD(T)	=	Q0(T)	εD	,	thus	only	the	peak	
(maximum)	flow	discharge	Q0(T)	
should	be	determined	

THE	GOAL:	

the	maximum	average	
discharges	

the	peak	flood	discharge	



The	Gumbel	distribu-on	is	hypothesized	as	sta-s-cal	distribu-on	of	the	annual	maxima	of	
discharge	(Beirlant	et	al.,	2004)	,	so	that	the	equa-on	for	the	FDF	curves	is:	
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6 Ugo Maione et al.
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Figure 5 (a–d) Flow-Duration-Frequency curves for the considered stations.

In the Figures 5f–h are also drawn the reduction curves for the
three more significant historical events (November 1951, Novem-
ber 1994 and October 2000) which occurred in the last 50 years.
Unlike the FDF curves, the maxima average discharges of the his-
torical events are generally not characterised by the same return
period for all the durations. As an example the flood of October
2000 at Boretto is characterised by a return period of about 60
years for D = 0 (peak discharge), but the return period falls to
only 25 years for the long durations (D = 216 h and more). The
same event at Pontelagoscuro shows a trend very similar to a FDF
curve, with an almost constant return period of about 30 years.
The anomalous behaviour of the November 1951 reduction curve
at Pontelagoscuro is due to an important breach which occurred
in the left levee of the Po river just upstream of this section.

In Figure 6 the PD curves, which describe the location of the
peak value within each duration (Figure 1) are drawn for the eight
considered stations. From the graph it can be appreciated that
there is a quite different trend between the more upstream sections
(from Moncalieri to Casale) and the others (from Piacenza to Pon-
telagoscuro). In the more downstream sections the peak position
is not far from 0.5 for the central durations (24 ≤ D ≤ 120 h)

which denotes a more symmetric shape of the historical flood
waves.

In order to avoid micro irregularities in the Synthetic Design
Hydrographs and to perform an analytical derivation of Eqs. (3)
and (4), a polynomial curve has been fitted on PD values.

Starting from the FDF and PD curves the rising and falling
limbs of the SDHs have been obtained solving Eqs. (3) and (4).
The resulting curves are shown in Figure 11, together with those
obtained by means of the regional estimation described in the
next sections.

3 Regional estimation of synthetic design hydrographs

In this section a regional model for the estimation of SDHs along
the Po river is presented.

The estimation procedure comprises the following steps:

– regional estimation of the peak flood quantiles Q0(T );
– regional estimation of the reduction ratio εD;
– regional estimation of the Peak-Duration curve rD .

The calibration of the model has been performed on the basis of
the local estimates of the SDHs obtained for the 8 gauging stations

QD(T)	=	u	–	a	ln[-ln(1-1/T)]	

The	Gumbel	distribu-on	is	hypothesized	as	sta-s-cal	distribu-on	of	the	annual	maxima	of	
discharge	(Beirlant	et	al.,	2004)	,	so	that	the	equa-on	for	the	FDF	curves	is:	



THE	METHOD:		
Sta-s-cal	Flood	Frequency	analysis	

	
The	construc-on	of	the	Synthe-c	Design	Hydrographs	(SDH)	is	performed	imposing	
that	the	maximum	average	discharges	for	each	dura-on	coincides	with	the	value	
obtained	from	the	FDF	curves,	in	a	given	dura-on	D	for	each	value	of	the	return	period	T	

the	area	BEFORE	the	
peak		 the	area	AFTER	

the	peak		

rD=Db/D		



The	rising	and	the	falling	limbs	of	the	SDH	are	obtained	by	differen-a-ng	both	the	
equa-ons	with	respect	to	the	dura-on	D	as	follows:	



Before	the	peak:		

the	value	obtained	from	the	FDF	curves	



Let’s	try	to	do	an	example..	

.	



A_er	the	peak:		

the	value	obtained	from	the	FDF	curves	



THE	METHOD:		
Synthe-c	Design	Hydrographs	

We	assumed	that	the	
posi-on	of	the	peak	is	
always	in	the	centre	of		
the	hydrograph,	that	
is:	rD	=	0.5		as	in	Alfieri	
et	al.(2014)	



THE	METHOD:		
Synthe-c	Design	Hydrographs	



	
THE	METHOD:		

CA2D_par	hydraulic	model	
	For	each	return	period	T,	a	SDH	has	been	es-mated	and	used	as	

input	data	for	the	hydraulic	model	to	predict	the	corrisponding	
maximum	flood	inunda-on	extent	and	depth	

T=100	yr	
T=500	yr	
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