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My relationship with statistical hydrology

1997 - MS thesis on Transfer Function Noise Models (Box & Jenkins)

1998-2000 - PhD thesis on liner parametric models (ARMA, FARMA, Hurst effect)
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Topic 1 - Time series analysis
FARMA - Seasonal Component, Hurst parameter
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Fig. 1. Mean periodic components estimated by classical method
and by seasonal trend decomposition based on loess modified method
(dashed line) with smoothing window =30
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Linear Parametric Models Applied
to Daily Hydrological Series

Salvatore Grimaldi'

Abstract: The aim of this paper is to describe, and solve in same cases, the problems that arise in hydrological daily time series
modeling developed via linear parametric models. The preliminary analysis, the identification, and the simulation steps of the standard
procedure are thoroughly studied. The effects of Box and Cox transformation are commented on, a procedure to smooth the seasonal
component is described, and a new technique for the initial parameter estimation of fractional models is introduced and tested. The revised

procedure was applied to the time series of Tevere daily flows.
DOI: 10.1061/(ASCE)1084-0699(2004)9:5(383)

CE Database subject headings: Time series analysis;

variation; Hydrological models.

models; ing-avera model; Seasonal

Introduction

To analyze hydrological processes, the use of statistical tools is
needed. In fact, the y of i does
not allow us to develop deterministic forecast or management
systems. Therefore, an approach that overlooks the physics of the
problem and only uses the observed data information is helpful.

In this perspective, the time series parametric modeling has
had, and still has, an important role in hydrological analysis. The
possibility to identify the dynamic component of a signal fostered
the P of ion and forecast

In the water resources management, there are different appli-
cations based on the use of scenarios similar to the real one ob-
tained by generating synthetic series.

In the last years, interesting results were obtained by the use of
the simple linear parametric models (LPMs) applied with annual
or monthly aggregation scales. Here by LPM we mean all the
family of linear models that, starting from the Box and Jenkins
(1976) definition, is increased with the creation of many model
subtypes. In fact, from the simple autoregressive moving-average
model (ARIMA) model we obtained (periodic autoregressive
moving-average), Seasonal ARMA, fractional ARMA (FARMA),
seasonal fractional ARIMA, contemporancous ARMA, space—
time ARMA), etc. [for a description of these models see Hipel
and McLoad (1994) and Montanari et al. 2000]. that in any case
are linear models and they roughly follow a common procedure to
be built.

Perhaps, by extending the modeling to series with daily aggre-
gation scale, potential applications concerning the water resources
management will be more widespread and uscful. The daily series
not only gives the desired information with more details, but sta-

tistically it also makes more numerous samples available, provid-
ing a more consistent parameter estimation of the identified
model. However this type of series shows that the problem has
larger variability that makes it difficult to conform to the stochas-
tic processes basic hypotheses.

C the ional procedure, developed above all
for hydrological applications with annual and monthly series, has
to be modified in order to be related to model daily series.

The aim of this paper is to study the methodological problems
present in the analysis of hydrological daily series and to suggest
some improvements. In the following paragraphs, every standard
procedure step is synthetically described highlighting the prob-
lems to solve.

From the main references about this topic (Box and Jenkins
1976; Brockwell and Davis 1987; Piccolo 1990a; Salas 1993;
Bras and Rodriguez-Iturbe 1994; Hipel and McLoad 1994) it is
possible to resume the LPM modeling standard procedure in the
following steps called: **Preliminary Analysis, Identification, Es-
timation, Verification, Optimal Model Chosen.”

The “Preliminary Analysis” is the step by which the analyst
usually checks that the basic conditions are followed. In fact, in
order to apply a LPM, the series has to be schematized as sto-
chastic processes. The main hypotheses of these processes are the
Gaussian distribution and the stationarity condition. Usually, the
observed series are not exactly Gaussian or stationary; therefore
to overcome the eventual distortions in the procedure some trans-
formations are suggested. As for the distribution, the Box and
Cox (1964) formulas were largely described and recommended.
Regarding the stationarity, the attention is focused mainly on the
seasonal behavior of the subannual series. In the literature, some

'Researcher, IRPI-National Research Council—Via Madonna Alta,
126-06128 Perugia, Italy. E-mail ore.grimaldi@irpi cnrit

Note. Discussion open until February 1, 2005. Separate discussions
must be submitied for individual papers. To extend the closing date by
one month, a written request must be filed with the ASCE Managing
Editor. The manuscript for this paper was submitted for review and pos-
sible publication on February 7, 2003; approved on January 11, 2004
This paper is part of the Journal of Hydrologic Engineering, Vol. 9, No.
5. September, 2004. ©ASCE, ISSN 1084-0699/2004/5-383-391/$18.00.

different to rise above this problem were introduced
(Kottegoda 1980; Hipel and McLeod 1994).

During the “Identification™ step, the preliminary parameter es-
timation of the hypothesized model configurations is made. For a
very simple configuration, this step could be neglected because
the improved estimation techniques no longer need the initial val-
ues. For more complex configuration and for particular models,
like the fractional models, this step remains important. Moreover,
during the identification step, some procedures to verify whether
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Abstract. The aim of this paper is to test the Multivari-
ate Linear Parametric Models applied to daily rainfall series.
These simple models allow to generate synthetic series pre-
serving both the time correlation (autocorrelation) and the
space correlation (crosscorrelation). To have synthetic daily
series, in such a way realistic and usable, it is necessary
the application of a corrective procedure, removing negative
values and enforcing the no-rain probability. The following
study compares some linear models each other and points out
the roles of autoregressive (AR) and moving average (MA)
components as well as parameter orders and mixed parame-
ters.

1 Introduction

Daily synthetic series are used in several hydrological appli-
cations. In many cases the univariate analysis is not enough,
since rainfall series are affected by strong space correla-
tion and a weak time correlation as well. Therefore in a
rainfall-scenario simulation the multivariate approach is nec-
essary. In this paper, Multivariate Linear Parametric Models
(MLPM) are applied as an extension of the well known Lin-
ear Parametric Models (LPM) (Grimaldi, 2004).

Rainfall series are particularly difficult to model with a
LPM. Usually they are not perfectly linear, non-Gaussian,
and present weak seasonality and a high percentage of zero
values (no-rain days). Despite those limits, simulations ob-
tained with LPM preserve the main statistical characteristics
of the observed series (Grimaldi et al., 2004). The main prob-
lem is the presence of negative values in the synthetic series,
an obvious consequence of stochastic nature of these pro-
cesses that cannot reproduce a sequence of zero-values. In
order to overcome this limit we referred to the corrective pro-
cedure, already applied in Grimaldi et al. (2004), on 20 daily
rainfall series.

Correspondence to: S. Grimaldi
(salvatore.grimaldi@irpi.cnr.it)

Here follows comparisons among MLPMs. The purpose
is to point out differences among simple and widely used
first-order Vector Autoregressive models, optimal-order Vec-
tor Autoregressive models and general Vector Autoregressive
Moving Average models described in Sect. 2. The present
case study, Sect. 3, also examines the possibility to reduce
the number of the parameters in the modelling.

2 Multivariate linear parametric models

A multivariate stochastic process can be described by vari-
ables characterized by the autocorrelation, in time domain,
and the crosscorrelation in the space-time domain. As in the
univariate case, these correlations can be expressed by means
of parameter linear combinations. The general class of
multivariate linear parametric model is called VARMA(p.q)
(Vector Autoregressive Moving Average, Hall and Nicholls,
1979; Lutkepohl, 1993; Hipel and McLeod, 1994):

Yi=v+Ay 1 +Ay ot +Apyi—p +u
+Myu— + Moo + .. +Myu,—y (1)

where y,={yi/, 2, ..., Ykr} is k-dimension vector of vari-
ables at the time ¢, v={vy, v2, ..., 1t} is a constant vector,
w,={uyy, uay, ..., up;} white-noise vector, and where

ai1ain2........dilk

aj21a;22. a, .

A = |24 2K i =1,2, .,
miimii2.....Mik
m, mi: m;2 .

M = i21M22, i2k i=1,2 4,

MikIMik2........Mikk

are respectively the Autoregressive and the Moving average
coefficient matrices. Since this general expression is usually
characterized by a high number of parameters and a complex
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This my first experience was totally a failure in terms of communication and
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| learned a lot, several statistical methods and useful hydrological tools.
| made a decent paper (36 citations).

Cons:
| have spent three years on this topic without reaching any impacts in the
scientific community and in the technological transfer.
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This my first experience was totally a failure in terms of communication and

Pro:
| learned a lot, several statistical methods and useful hydrological tools.
| made a decent paper (36 citations).

Cons:
| have spent three years on this topic without reaching any impacts in the
scientific community and in the technological transfer.

Reasons of the failure:

~ | was young and | was in a group without deep scientific attitude;

~ 1 did not believed on myself and on my ideas;

< | did not realised that the topic was good and that a paper is a starting
point and not a final aim;

~ 1 did not have idea on what does it mean “communicate”, “share” , and
“research goal”.
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phenomenon, and hydrological statistics L .
. . ctober, 19-20, 2019
(2003) Hydrological Sciences Journal, 48 (1), R e s A, Moot el Unvesiy Nanjing

dk@itia.ntua.gr

p p . 3 -2 4 . C Ited 2 1 3 t I I I I eS . Abstract The intensive research of recent years on climate change has led to the strong

conclusion that climate has always, throughout the Earth’s history, changed irregularly
on all time scales. Climate changes are closely related to the Hurst phenomenon, which
has been detected in many long hydroclimatic time series and is stochastically equi-
valent to a simple scaling behaviour of climate variability over time scale. The climate
variability, anthropogenic or natural, increases the uncertainty of the hydrological
processes. It is shown that hydrological statistics, the branch of hydrology that deals
with uncertainty, in its current state is not consistent with the varying character of
climate. Typical statistics used in hydrology such as means, variances, cross- and auto-
correlations and Hurst coefficients, and the variability thereof, are revisited under the
hypothesis of a varying climate following a simple scaling law, and new estimators are
studied which, in many cases, differ dramatically from the classical ones. The new
statistical framework is applied to real-world examples for typical tasks such as estima-
tion and hypothesis testing where, again, the results depart significantly from those of
the classical statistics.

Key words climate change; Hurst phenomenon; hydrological persistence; hydrological

statistics; hydrological estimation; hydrological prediction; statistical testing; uncertainty E AR LY c AR E E R c 0 U Rs E

Changement climatique, phénoméne de Hurst et statistiques
hydrologiques

Résumé La recherche intensive des années récentes sur le changement climatique a
conduit a la conclusion sire que le climat a toujours changé dans I’histoire de la
planéte, et ceci de maniére irréguliére a toutes les échelles de temps. Les changements
climatiques sont étroitement liés au phénomeéne de Hurst, qui a été détecté dans de
nombreuses séries temporelles longues d’hydroclimatologie et qui est stochastique-
ment équivalent & un comportement d’échelle simple de la variabilité climatique sur
I’échelle de temps. La variabilité climatique, qu’elle soit d’origine anthropique ou
naturelle, augmente 1’incertitude liée aux processus hydrologiques. Il est démontré que
I’hydrologie statistique, la branche de 1’hydrologie qui s’occupe de I’incertitude, n’est
pas, dans son état actuel, consistante avec le caractére variable du climat. Quelques
caractéristiques statistiques typiquement utilisées en hydrologie comme les moyennes,
les variances, les auto-corrélations et corrélations croisées, et le coefficient de Hurst,
ainsi que leur variabilité, sont ré-examinées sous 1’hypothése d’un climat variable
suivant une loi d’échelle simple. De plus de nouveaux estimateurs, pour la plupart trés
différents des estimateurs classiques, sont étudiés. Le nouveau cadre statistique est
appliqué a des exemples réels, pour des travaux typiques comme I’estimation et le test
d’hypothéses, ou, a nouveau, les résultats different significativement de ceux des
statistiques classiques.

Mots clefs changement climatique; phénoméne de Hurst; persistance hydrologique; statistiques
hydrologiques; estimation hydrologique; prédiction hydrologique; tests statistiques; incertitude
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Topic 2 - Copula function

General Definition

A special multivariate distribution that allows to create any multivariate distribution

Technical definition of copula function

A d-dimensional copula is a c.d.f. on [0, 1]¢ with standard uniform marginal
c.d.f.s.
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2-copulas In Statistical Hydrology: Theoretical Models of Bivariate Dependence
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Abstract

The univariate flood frequency analysis is widely used in hydrological studies. Often only flood peak or flood volume is statis-
tically analyzed. For a more complete analysis the three main characteristics of a flood event i.e. peak, volume and duration are
required. To fully understand these variables and their relationships, a multivariate statistical approach is necessary. The main
aim of this paper is to define the trivariate probability density and cumulative distribution functions. When the joint distribution
is known, it is possible to define the bivariate distribution of volume and duration conditioned on the peak discharge. Consequently
volume-duration pairs, statistically linked to peak values, become available. The authors build trivariate joint distribution of flood
event variables using the fully nested or asymmetric Archimedean copula functions. They describe properties of this copula class and
perform extensive simulations to highlight differences with the well-known symmetric Archimedean copulas. They apply asymmetric
distributions to observed flood data and compare the results those obtained using distributions built with symmetric copula and the
standard Gumbel Logistic model.
© 2005 Elsevier Ltd. All rights reserved.

EARLY CAREER COURSE

Keywords: Multivariate analysis; Fully nested copula; Asymmetric copula; Flood frequency analysis

1. Introduction

The main aim of the flood frequency analysis in
hydrology is to determine the relationship hydro-
graph—return period. Until now, most of the literature
investigated on flood peak univariate statistical proce-
dures. However, concerning hydraulic works above all
for flooding and inundation management, it is not
enough to know information about flood peak only,
but it is also useful to statistically value flood volume
and duration. In order to have this information, joint
cumulative distribution function (cdf) and probability
density function (pdf) of involved variables is needed,

" Corresponding author. Address: H2CU-Honors Center of Italian
Universities, University of Rome ‘La Sapienza’, Via Eudossiana 18,
00184 Rome, Italy. Tel.: +39 0761 357 326; fax: +39 0761 357 356.

E-mail address: salvatore.grimaldi@unitus.it (S. Grimaldi).

and so multivariate statistical analyses have to be
applied.

In the last years, some multivariate approaches were
introduced in hydrological and environmental applica-
tions. At the beginning, the most used joint cdf was the
Gaussian one. It is widely studied in the literature and
easy to apply, but it has the obvious limit that the mar-
ginal distributions must be normal. Goel et al. [18] and
Yue [33]achieve this condition by preliminary data trans-
formation through Box-Cox’s formulas [2]. However,
these transformations, do not always ensure that the
recorded series follow a Gaussian distribution, and some-
times they provide significant distortions of sample sta-
tistical properties. Consequently, further bivariate
distributions with non-normal margins have been topic
of research. Bacchi et al. [1] apply Gumbel bivariate
exponential model [21], with exponential marginals.
Yue [35] suggests bivariate Gamma distribution in flood

UNIVERSITA

0309-1708/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.advwatres.2005.09.005



https://scholar.google.it/scholar?oi=bibs&cluster=14568200074367593180&btnI=1&hl=en

Topic 2 - Copula function

Where and when | met copulas:

2-copulas In Statistical Hydrology: Theoretical Models of Bivariate Dependence

G Salvadori, C de Michele - EGS General Assembly Conference Abstracts, 2002

ELSEVIER

Available online at www.sciencedirect.com

SCIENOE@DIRECT“

Advances in Water Resources 29 (2006) 1155-1167

Advances in
Water Resources

www.elsevier.com/locate/advwatres

Asymmetric copula in multivariate flood frequency analysis

STAHY

STAHY 2019

WORKSHOP

October, 19-20, 2019
Nanjing

01 2.000 01 2,000

02 2.000 02 10.000 b
Bymm  1.982 Bymm 2461 Salvatore Grimaldi **, Francesco Serinaldi
T 0.496 T 0506

T 0.499 T 0.900

* GEMINI Department, University of Tuscia, Via San Camillo De Lellis, 01100 Viterbo, Italy

_Toymm 0495 Tymm 0594 ® Department of Hydraulics, Transportations and Highways, University of Rome ““La Sapienza”, Via Eudossiana 18, 00184 Rome, Italy
Received 29 December 2004; received in revised form 17 September 2005; accepted 18 September 2005

Available online 7 November 2005

Abstract

The univariate flood frequency analysis is widely used in hydrological studies. Often only flood peak or flood volume is statis-
tically analyzed. For a more complete analysis the three main characteristics of a flood event i.e. peak, volume and duration are
required. To fully understand these variables and their relationships, a multivariate statistical approach is necessary. The main
aim of this paper is to define the trivariate probability density and cumulative distribution functions. When the joint distribution
is known, it is possible to define the bivariate distribution of volume and duration conditioned on the peak discharge. Consequently
volume-duration pairs, statistically linked to peak values, become available. The authors build trivariate joint distribution of flood

Non soundness field
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Fig. 1. Scatter plots of pairs (uy, us), (11, u3), (u2, u3) from triplets (uy, up, u3) simulated by asymmetric Gumbel copula for several hy, h,. For h; > h,
Eq. (4) is not a copula, so in lower triangular matrix there are not samples. For h; = h, asymmetric copula degenerate in symmetric one, then, in main
diagonal, symmetric samples are shown. For h; <h, Eq. (4) is a proper asymmetric copula, so in upper triangular matrix asymmetric samples are
shown.
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1. Introduction

The main aim of the flood frequency analysis in
hydrology is to determine the relationship hydro-
graph—return period. Until now, most of the literature
investigated on flood peak univariate statistical proce-
dures. However, concerning hydraulic works above all
for flooding and inundation management, it is not
enough to know information about flood peak only,
but it is also useful to statistically value flood volume
and duration. In order to have this information, joint
cumulative distribution function (cdf) and probability
density function (pdf) of involved variables is needed,
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Universities, University of Rome ‘La Sapienza’, Via Eudossiana 18,
00184 Rome, Italy. Tel.: +39 0761 357 326; fax: +39 0761 357 356.
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and so multivariate statistical analyses have to be
applied.

In the last years, some multivariate approaches were
introduced in hydrological and environmental applica-
tions. At the beginning, the most used joint cdf was the
Gaussian one. It is widely studied in the literature and
easy to apply, but it has the obvious limit that the mar-
ginal distributions must be normal. Goel et al. [18] and
Yue [33]achieve this condition by preliminary data trans-
formation through Box-Cox’s formulas [2]. However,
these transformations, do not always ensure that the
recorded series follow a Gaussian distribution, and some-
times they provide significant distortions of sample sta-
tistical properties. Consequently, further bivariate
distributions with non-normal margins have been topic
of research. Bacchi et al. [1] apply Gumbel bivariate
exponential model [21], with exponential marginals.
Yue [35] suggests bivariate Gamma distribution in flood
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Design hyetographs analysis with 3-copula function IAHS
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Abstract A design hyetograph is a synthetic rainfall temporal pattern associated with a return period,
usually determined by means of statistical analysis of observed mean rainfall intensity through

intensity—duration—frequency (IDF) curves. Since the univariate approach is simple to apply and data WORKSHOP
availability is scarce, only the mean intensity of rainfall storm is usually analysed statistically. The other
characteristics of rainfall storm, such as peak (maximum intensity), total depth and duration, are found
indirectly throughout the several phases of hydrological analysis by suitable work assumptions. The aim
of this paper is to apply a multivariate approach in order to analyse jointly observed data of critical
depth, peak and total depth. In particular, bivariate analysis of peak—total depth conditioned on critical

depth is developed using a 3-copula function to define the trivariate joint distribution. Following the OCtOber, 19'20, 201 9
proposed procedure, once design return period and related critical depth are selected, it is possible to .
determine—in a probabilistic way—peak and total depth, without advancing a priori hypotheses on the Nanjlng
design hyetograph pattern.

Kev words cooula function: desien hvetoeraoh: intensitv—duration—freauencv: multivariate analvsis: rainfall pattern
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Synthetic Design Hydrographs Based on Distribution

Functions with Finite Support
Design hyetographs analysis with 3-copula function PP
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SALVATORE GRIM ALDIL3 & FRANCESCO SERIN ALD12 Abstract: Tl?e primary characteristics that inﬂuepce the pot‘emial of def%ning a synthetic design hydrogfaph (SDH), are the hydrf)gréph
1 GEMINI Department, University of Tuscia, Via San Camillo De Lellis, I-01100 Viterbo, Italy %hapff. peakAdls€h'flrge (Q,), volume (V), and duration fD). This paper Slu(?lCS the adva.gtages énd shortcomings of using sm}ple glstrlbutlo?
salvatore.erimaldi@unitus. it functions with finite support (namely, beta and generalized standard two-sided power distributions) to represent and synthesize direct runoff

2 Department of Hydraulics, Transportations and Highways, University of Rome “La Sapienza”, hydrographs. The relationships among Q,, V, D, and distribution parameters are explored on a few flood events selected by a recursive digital

Via Eudossiana 18, I-00184 Rome, Italy filter algorithm and an overthreshold approach. The results obtained indicate that the adopted procedure provides a good compromise
3 H°CU — Honors Center of Italian Universities, University of Rome “La Sapienza”, Via Eudossiana 18, between simplicity and accuracy for building SDHs with two assigned flood characteristics (e.g., @, and V) and a defined shape.
1-00184 Rome, Italy DOI: 10.1061/(ASCE)HE.1943-5584.0000339. © 2011 American Society of Civil Engineers.
. . S . . . CE Database subject headings: Hyd hs; Flood fi ; Base flow; Design. STAH I 201 9
Abstract A design hyetograph is a synthetic rainfall temporal pattern associated with a return period, 4ol ings: Hydrographs; Flood frequency; Base flow; Design
usually determined by means of statistical analysis of observed mean rainfall intensity through Author keywords: Design hydrograph; Flood frequency analysis; Distributions with finite support; Baseflow separation.
intensity—duration—frequency (IDF) curves. Since the univariate approach is simple to apply and data WORKSHOP
availability is scarce, only the mean intensity of rainfall storm is usually analysed statistically. The other
characteristics of rainfall storm, such as peak (maximum intensity), total depth and duration, are found Introduction constructed by selecting the most representative flood hydrograph
indirectly throughout the several phases of hydrological analysis by suitable work assumptions. The aim (e.g., the one with the highest peak or the largest volume) and re-
gf ﬂ;lls pa}i)(er 1(51 to alpgly ir?ultlvanatle a]:]))proagh n "rldeF to fanalise ]oinély t%bser\(/fd datg of Cmm} Recent advances made in flood-risk mapping procedures claim a scaling its abscissa (duration) and ordinates (discharge values) to
epth, peak and total depth. In particular, bivariate analysis ot peak—total depth conditioned on critical more accurate definition of the hydrological input, namely, the : :
depth is developed using a 3-copula function to define the trivariate joint distribution. Following the PR AN veologla Tl ameR: | obtain the flood peak and/or the flood volume corresponding to OCtOber, 19'20, 201 9

proposed procedure, once design return period and related critical depth are selected, it is possible to .
determine—in a probabilistic way—peak and total depth, without advancing a priori hypotheses on the Nanjlng
design hyetograph pattern.
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Abstract A design hyetograph is a synthetic rainfall temporal pattern associated with a return period,
usually determined by means of statistical analysis of observed mean rainfall intensity through
intensity—duration—frequency (IDF) curves. Since the univariate approach is simple to apply and data
availability is scarce, only the mean intensity of rainfall storm is usually analysed statistically. The other
characteristics of rainfall storm, such as peak (maximum intensity), total depth and duration, are found
indirectly throughout the several phases of hydrological analysis by suitable work assumptions. The aim
of this paper is to apply a multivariate approach in order to analyse jointly observed data of critical
depth, peak and total depth. In particular, bivariate analysis of peak—total depth conditioned on critical
depth is developed using a 3-copula function to define the trivariate joint distribution. Following the
proposed procedure, once design return period and related critical depth are selected, it is possible to
determine—in a probabilistic way—peak and total depth, without advancing a priori hypotheses on the
design hyetograph pattern.

Kev words copula function: desien hvetoeranh: intensitv—duration—freauencv: multivariate analvsis: rainfall pattern

Synthetic Design Hydrographs Based on Distribution
Functions with Finite Support

Francesco Serinaldi' and Salvatore Grimaldi?

Abstract: The primary characteristics that influence the potential of defining a synthetic design hydrograph (SDH), are the hydrograph
shape, peak discharge (Q,), volume (V), and duration (D). This paper studies the advantages and shortcomings of using simple distribution
functions with finite support (namely, beta and generalized standard two-sided power distributions) to represent and synthesize direct runoff
hydrographs. The relationships among Q,, V, D, and distribution parameters are explored on a few flood events selected by a recursive digital
filter algorithm and an overthreshold approach. The results obtained indicate that the adopted procedure provides a good compromise
between simplicity and accuracy for building SDHs with two assigned flood characteristics (e.g., @, and V) and a defined shape.
DOI: 10.1061/(ASCE)HE.1943-5584.0000339. © 2011 American Society of Civil Engineers.

CE Database subject headings: Hydrographs; Flood frequency; Base flow; Design.

Author keywords: Design hydrograph; Flood frequency analysis; Distributions with finite support; Baseflow separation.

Introduction constructed by selecting the most representative flood hydrograph
(e.g., the one with the highest peak or the largest volume) and re-
Recent advances made in flood-risk mapping procedures claim a scaling its abscissa (duration) and ordinates (discharge values) to
more accurate deﬁfli}ifmmf’f the hyd'rolog?ca! iflp':“s pame}y, 'the obtain the flood peak and/or the flood volume corresponding to
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Synthetic Design Hydrographs Based on Distribution
Functions with Finite Support

Francesco Serinaldi' and Salvatore Grimaldi?

Abstract: The primary characteristics that influence the potential of defining a synthetic design hydrograph (SDH), are the hydrograph
shape, peak discharge (Q,), volume (V), and duration (D). This paper studies the advantages and shortcomings of using simple distribution
functions with finite support (namely, beta and generalized standard two-sided power distributions) to represent and synthesize direct runoff
hydrographs. The relationships among Q,, V, D, and distribution parameters are explored on a few flood events selected by a recursive digital
filter algorithm and an overthreshold approach. The results obtained indicate that the adopted procedure provides a good compromise
between simplicity and accuracy for building SDHs with two assigned flood characteristics (e.g., @, and V) and a defined shape.
DOI: 10.1061/(ASCE)HE.1943-5584.0000339. © 2011 American Society of Civil Engineers.
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Abstract A design hyetograph is a synthetic rainfall temporal pattern associated with a return period,
usually determined by means of statistical analysis of observed mean rainfall intensity through

CE Database subject headings: Hydrographs; Flood frequency; Base flow; Design.
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intensity—duration—frequency (IDF) curves. Since the univariate approach is simple to apply and data
availability is scarce, only the mean intensity of rainfall storm is usually analysed statistically. The other
characteristics of rainfall storm, such as peak (maximum intensity), total depth and duration, are found
indirectly throughout the several phases of hydrological analysis by suitable work assumptions. The aim
of this paper is to apply a multivariate approach in order to analyse jointly observed data of critical
depth, peak and total depth. In particular, bivariate analysis of peak—total depth conditioned on critical
depth is developed using a 3-copula function to define the trivariate joint distribution. Following the FERNAN
proposed procedure, once design return period and related critical depth are selected, it is possible to

determine—in a probabilistic way—peak and total depth, without advancing a priori hypotheses on the

design hyetograph pattern.
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~ around 40 Journals related to hydrology

~ every days around 50 papers are published on hydrology topics

So, our publication is a drop in the sea.

This is only the starting point of an effective communication and
divulgation.

Concerning Statistical Hydrology the situation is even worse since
typically our papers, and the topic in general, are considered boring and
not easy to understand.
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My experience in communicating statistical hydrology research

How can we interact with the professional community?

~ through related Associations, giving seminars, short courses
~ providing them user-friendly software packages

© translating and simplifying complex methodologies

~ clearly identifying the added value of your methodologies.

You could feel to waste time....but it is not true!

Of course these are long term activities appropriate when you
complete a research topic.

It is not a PhD, of PostDoc activity however it is useful to know
it in advance to have a VISION.
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My experience in communicating statistical hydrology research

Giornata di Studio:

etodi.

Statistici e Matematici
T perl’Analisi
B . B delle
Serie Idrologiche

Giornata di Studio:

Metodi

Statistici e Matematici
per I’Analisi

delle

Serie Idrologiche

A cura di
— T DrPiccolo &I UbertiniT

A cura di
CNR-GNDCI D. Piccolo & L. Ubertini

Pubblicazione n. 2812

CNR-GNDCI
Pubblicazione n. 2854

Roma, 9 Maggio 2003

Napoli, 7 Maggio 2004

~ Being involved in organisation of topical national
conferences

~ Proposing and pro-actively organising sessions
in international conferences (EGU, AGU, IAHS)

~ Organising Short courses

b ®«i®e

e\

SCHOOL OF STATISTICAL HYDROLOGY

Stochastic Processes ;?:
and Time Series =
Analysis -

Viterbo, Italy «
February 5-9, 2007
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My experience in communicating statistical hydrology research

= Short Courses on Copula Function

SHORT COURSE "Copula Function: Theory and Practice"
Columbia University + NYU-Poly + PACE University, New York, 2009

SHORT COURSE "Copula Function: Theory and Practice" - 2nd Edition,
Universita degli Studi della Tuscia, Viterbo, Italiy, 2011

SHORT COURSE "Copula for hydrological application" 2013
Leibniz University Hannover, Institute of Water Resources Management, Germany, Hannover

SHORT COURSE "Copula for hydrology and climate applications"
The Henry Samueli School of Engineering, University of California Irvine, USA, 2014

SHORT COURSE "Copula for hydrology and environmental science"
Université de Pau et des Pays de I'Adour, Pau, France. 2015

SHORT COURSE "Copula for hydrology and environmental science"”
Universita degli Studi della Tuscia, Pieve Tesino, Italy. 2016

SHORT COURSE "Copula for hydrology and environmental science"
Hohai University, Nanjing, China. 2017
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My experience in communicating statistical hydrology research

il

Capri 2008

Working Group created in 2007

Kos 2013

Abu Dhabl 2014

ICSH <
S TAHY

= 2011 - from STAHY to ICSH

ICSH-STAHY Workshop 2015 Addis Ababa, Ethiopia
ICSH-STAHY Workshop 2016 Quebec City, Canada
ICSH-STAHY Workshop 2017 Warsaw, Poland
ICSH-STAHY Workshop 2018 Adelaide, South Australia
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Conclusions

~ For effectively communicating in statistical hydrology we need to
correctly plan our research topic having a vision for the future and for
the practical evolution of the methods.

- Meet the scientific community and share your ideas in order to adapt
your plan and vision!
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your plan and vision!

© a paper is the necessary starting point of research communication. The
most important piece of the puzzle, but only one piece of it. EARLY CAREER COURSE
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- For effectively communicating in statistical hydrology we need to STAHY 2019
correctly plan our research topic having a vision for the future and for
the practical evolution of the methods. October, L!j?ifgo,zow

- Meet the scientific community and share your ideas in order to adapt
your plan and vision!

~ a paper is the necessary starting point of research communication. The
most important piece of the puzzle, but only one piece of it. EARLY CAREER COURSE

- Once your research reaches the maturity, meet (directly or indirectly) the
professional community in order to guarantee a real impact of your
research!
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- For effectively communicating in statistical hydrology we need to STAHY 2019
correctly plan our research topic having a vision for the future and for
the practical evolution of the methods. October, L!j?ifgo,zow

- Meet the scientific community and share your ideas in order to adapt
your plan and vision!

~ a paper is the necessary starting point of research communication. The
most important piece of the puzzle, but only one piece of it. EARLY CAREER COURSE

- Once your research reaches the maturity, meet (directly or indirectly) the
professional community in order to guarantee a real impact of your
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