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Conference Location
The conference is taking place in the Faculty of Natural Sciences (NAWI) of the University
of Salzburg, in the lecture room 402 (Blauer HS). The address is:

Hellbrunner Str. 34
5020 Salzburg, Austria
Phone (Department of Mathematics): +43 662 8044 5302

City map: Salzburg 

Michael-Pacher-Straße 

http://www.wegweiser.ac.at/static/plaene/gif/D BlauerHS 0077 00 1-1.gif
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General Information

Registration
Registration opens on Monday September 19, from 8:00 to 9:00 in front of lecture room
402 (Blauer HS).

Internet Access
WLAN is available at the campus via eduroam and Plus Event (username: DMC, pass-
word: Wua2eiCh, SSID: Plus Event)

Lunch
During lunch there will be a separated area in the mensa for the workshop participants.
Please hand in your lunch ticket at the register.

Coffee Breaks
Refreshments and coffee will be served during the coffee breaks in the foyer in front of the
lecture room 402 (Blauer Hörsaal).

Conference Picture
The conference pictures will be taken on Tuesday at 12:00 am. before Lunch.

Social Dinner
The social dinner will take place on Tuesday at 6:30 pm in the restaurant Paracelsusstube,
Stiegl-Brauwelt. The address is:

Stiegl-Brauwelt
Bräuhausstraße 9
5020 Salzburg

There will be a bus transfer from the Faculty of Natural Science (NAWI) of the University
to the restaurant at 5:50 pm and back at 10:00 pm.

Local Transportation
To reach the conference location, take the bus lines 3 or 8 (get off at the bus stop ”Fais-
tauergasse”). The timetable of bus line 3 will be handed to you with the conference folder.
From the bus stop ”Faistauergasse” walk straight ahead in the outbound direction, until
you reach the next traffic light, then turn right onto ”Michael-Pacher-Straße”, and walk
straight on until you reach the large yellow building.
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Restaurants
There are many good restaurants in Salzburg. Therefore we can only list a small selection:
(reservation is recommended)

Upmarket Austrian cuisine

Arthotel Blaue Gans
Getreidegasse 41–43
Phone: +43 662 84 24 91-0

K+K Restaurant am Waagplatz
Waagplatz 2
Phone: +43 662 84 21 56

Restaurant Wasserfall
Linzer Gasse 10
Phone: +43 662 87 33 31

International restaurants

Trattoria Domani
Kaigasse 33
Phone: +43 662 84 27 43

Lemonchilli
Nonntaler Haupstraße 24
Phone: +43 662 84 25 58

L’Osteria
Dreifaltigkeitsgasse 10
Phone: +43 662 87 06 58 10

Traditional Austrian cuisin

Augustinerbräu
Lindhofstraße 7
Phone: +43 662 43 12 46

Gablerbräu
Linzer Gasse 9
Phone: +43 662 88 965

Restaurant Stieglkeller
Festungsgasse 10
Phone: +43 662 84 26 81

Restaurant Triangel
Wiener Philharmonikergasse 7
Phone: +43 662 84 22 29

Zum fidelen Affen
Pristerhausgasse 8
Phone: +43 662 87 73 61
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Program
Monday

Time Speaker Title of the talk

08:00-09:00 Registration
09:00-09:15 Opening
09:15-10:15 Plenary Talk Conditional copulas: inference for no covariates

Irène Gijbels effect
10:15-10:35 Coffee break
10:35-12:40 Nonparametric methods for copulas (organizer & chair: Axel Bücher)
10:35-11:00 Betina Berghaus Weak convergence of the empirical copula pro-

cess with respect to weighted metrics
11:00-11:25 François Portier On the weak convergence of the empirical con-

ditional copula under a simplifying
assumption

11:25-11:50 Bruno Rémillard Copulas for Discrete or Mixed Data and Appli-
cations

11:50-12:15 Noël Veraverbeke Nonparametric estimation of copulas by the
Bernstein method

12:15-12:40 Axel Bücher Detecting breaks in the dependence of multi-
variate extreme-value distributions

12:40-13:30 Lunch break
13:30-15:35 (Copula) Models for Extremal events

(organizer: Elena Di Bernardino & chair: Johanna G. Nešlehová)
13:30-13:55 Julie Carreau Extra-parametrized extreme-value copula: an

extension to a spatial framework
13:55-14:20 Olivier Faugeras Copulas and discrete distributions
14:20-14:45 Olivier Lopez Semiparametric conditional copula estimation

in a bivariate censoring framework
14:45-15:10 Veronique Maume- Copula’s approximations: application to quan-

Deschamps tile estimation
15:10-15:35 Didier Rullière On some tail dependence transformations of

multivariate Archimedean copulas
15:35-16:00 Coffee break
16:00-17:00 Plenary Talk Ultramodular binary copulas: results and con-

Erich Peter Klement structions
17:00-18:15 Contributed Sessions 1 (chair: Veronique Maume-Deschamps)
17:00-17:25 Hans de Meyer A method to construct radially symmetric

trivariate copulas
17:25-17:50 Klaus D. Schmidt On Copulas and Order Statistics
17:50-18:15 Martynas Manstavičius Bounds for the Clayton copula
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Tuesday

Time Speaker Title of the talk
09:00-10:00 Plenary Talk Copulas of class G: Properties, Constructions,

Matthias Scherer Applications
10:00-10:20 Coffee break
10:20-12:00 On theoretical issues concerning copulas and their estimation

(organizer & chair: Piotr Jaworski)
10:20-10:45 Jean-David Fermanian Tests of simplified assumption for conditional

copulae
10:45-11:10 Christian Genest Modeling dependence by random scaling
11:10-11:35 Johanna G. Nešlehová Multivariate max-id copulas with `1-norm sym-

metric exponent measure
11:35-12:00 Piotr Jaworski On truncation invariant copulas and their esti-

mation
12:00-12:15 Workshop Photo
12:15-13:10 Lunch break
13:10-14:50 Dependence and Risk Measures (organizer & chair: Maria Rita Iacò)
13:10-13:35 Valeria Bignozzi Diversification limit of var under dependence

uncertainty
13:35-14:00 Corina Costantinescu Bonus-Malus principles in insurance portfolios
14:00-14:25 Alfred Müller Expectiles, Omega Ratios and Stochastic Or-

dering
14:25-14:50 Stefan Thonhauser Extremal limits of equidistributed sequence
14:50-15:10 Coffee break
15:10-16:10 Plenary Talk Dependence Modeling with Copulas

Roger B. Nelsen
16:10-17:50 Contributed Sessions 2 (chair: Betina Berghaus)
16:10-16:35 Sebastian Fuchs Copula–induced Measures of Concordance
16:35-17:00 Roberta Pappadà Graphical Copula tools for detecting tail depen-

dence
17:00-17:25 Songkiat Sumetkijakan Implicit Dependence Copulas
17:25-17:50 Mickaël De Backer Semiparametric Copula Quantile Regression for

Complete or Censored Data
17:50 Bus Transfer to Stiegl Brewery
18:30 Conference Dinner
22:00 Bus Transfer back to NAWI
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Wednesday

Time Speaker Title of the talk
09:00-10:40 Estimating Copulas (organizer & chair: Ostap Okhrin)
09:00-09:25 Jan Górecki Estimation of Hierarchical Archimedean Copu-

las Based on Kendall’s Tau and
Goodness of Fit

09:25-09:50 Alexander Ristig Penalized Estimation of Hierarchical
Archimedean Copula

09:50-10:15 Anastasia Tetereva Clustering estimator of the HAC for high-
frequency data

10:15-10:40 Nathan Uyttendaele Building conditionally dependent parametric
one-factor copulas

10:40-11:00 Coffee break
11:00-12:40 Dependence Models, Copulas and R

(organizer & chair: Fabrizio Durante)
11:00-11:25 Marta Di Lascio A conditional copula-based imputation tech-

nique
11:25-11:50 Thomas Nagler VineCopula: An R package (not just) for infer-

ence of vine copula models
11:50-12:15 Christian Schellhase Vines Estimation for Mixed Data using Penal-

ized Splines
12:15-12:40 Simon Trimborn gofCopula: Goodness-of-Fit Tests for Copulae
12:40-13:30 Lunch break
13:30-15:10 Advances in copula theory and its applications

(organizer & chair: Carlo Sempi)
13:30-13:55 Enrique de Amo Artero Copulas with given sections
13:55-14:20 Giovanna Nappo Reliability Systems and signature-related

classes of copulas
14:20-14:45 Mauro Piccioni On the Relation Between Load-Sharing Depen-

dence Models and Conditional
14:45-15:10 Gianfausto Salvadori A Copula framework for assessing Hazard Sce-

narios and Failure Probabilities
15:10-15:35 Coffee break
15:35-16:35 Plenary Talk Risk bounds with partial dependence informa-

Ludger Rüschendorf tion
16:35-18:15 Contributed Sessions 3 (organizer & chair: Jean-David Fermanian)
16:35-17:00 Marta Nai Ruscone Using Mixture of Vine Copulas for Clustering
17:00-17:25 Hideatsu Tsukahara The Empirical Beta Copula
17:25-17:50 Fabian Spanhel Modeling the serial dependence of financial re-

turns with copulas
17:50-18:15 Pavel Krupskiy Factor Copula Models for Spatial Data
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Thursday (Newcomers day)

Time Speaker Title of the talk
09:00-10:15 Newcomer Sessions 1 (chair: Alfred Müller)
09:00-09:25 Thomas Mroz Distributions with fixed marginals maximizing

the mass of the endograph and
the graph of a function

09:25-09:50 José De Jesús Arias A method to construct radially symmetric tri-
Garćıa variate copulas

09:50-10:15 Noppadon Kamnitui Idempotence in some standard classes of copu-
las

10:15-10:35 Coffee break
10:35-12:15 Newcomer Sessions 2 (chair: Matthias Scherer)
10:35-11:00 Nicole Barthel Vine copula based inference of multivariate

event time data
11:00-11:25 Matthias Killiches Block-Maxima of Vine Copulas
11:25-11:50 Malte S. Kurz Testing the simplifying assumption in high-

dimensional vine copulas
11:50-12:15 Dominik Müller Representing sparse Gaussian DAGs as sparse

R-vines allowing for non-Gaussian
dependence

12:15-13:15 Lunch break
13:15-13:45 Poster Session

Hugo Brango Skew-type Marshall-Olkin Copula
Simon Chatelain Archimax Copulas
Nico Katzke & Nicolaas Modelling increased return dependence

J. Odendaall globally structures of mining companies
Nikolai Kolev Skew-type Bivariate Lack of Memory Property
Andreas Mändle Multivariate goodness of fit assessment by ex-

tension of univariate EDF tests
Elisa Perrone Geometry of discrete copulas for weather fore-

casting
Burcu Hudaverdi Ucer A New Nonparametric Estimation for Bivariate

Pickands Dependence Function
13:45-15:00 Newcomer Sessions 3 (chair: Carlo Sempi)
13:45-14:10 Fatima Palacios- Return level estimators based on Extreme Val-

Rodŕıguez ue Theory
14:10-14:35 Manuela Schreyer The region determined by Kendall’s tau and

Spearman’s rho
14:35-15:00 Anna Zaremba Non-Parameteric Gaussian Process Vector Val-

ued Time Series Models and
Testing For Causality

15:00-15:30 Coffee break
15:30 Discussion, Open problems, Future directions
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Abstracts

Plenary Speakers

Irène Gijbels, Katholieke Universiteit Leuven (p. 12)
Erich Peter Klement, Johannes Kepler Universität Linz (p. 13 )
Roger B. Nelsen, Lewis & Clark College (p. 14)
Ludger Rüschendorf, Albert-Ludwig-Universität Freiburg (p. 15)
Matthias Scherer, Technische Universität München (p. 16)

Invited Sessions

Nonparametric methods for copulas (organizer: Axel Bücher)
Speakers: Betina Berghaus, Axel Bücher, François Portier, Bruno Rémillard, Noël Ver-
averbeke
(p. 17 - 21)

(Copula) Models for Extremal events (organizer: Elena Di Bernardino)
Speakers: Julie Carreau, Olivier Faugeras, Olivier Lopez, Veronique Maume-Deschamps,
Didier Rullière
(p. 22 - 26)

Dependence Models, Copulas and R (organizer: Fabrizio Durante)
Speakers: Marta Di Lascio, Thomas Nagler, Christian Schellhase, Simon Trimborn
(p. 27 - 30)

Dependence and Risk Measures (organizer: Maria Rita Iacò)
Speakers: Valeria Bignozzi, Corina Costantinescu, Alfred Müller, Stefan Thonhauser
(p. 31 - 34)

On theoretical issues concerning copulas and their estimation (organizer: Pi-
otr Jaworski)
Speakers: Jean-David Fermanian, Christian Genest, Piotr Jaworski, Johanna Nešlehová
(p. 35 - 38)

Estimating Copulas (organizer: Ostap Okhrin)
Speakers: Jan Gorecki, Alexander Ristig, Anastasia Tetereva, Nathan Uyttendaele
(p. 39 - 42)

Advances in copula theory and its applications (organizer: Carlo Sempi)
Speakers: Enrique de Amo Artero, Giovanna Nappo, Mauro Piccioni, Gianfausto Sal-
vadori
(p. 43 - 46)
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Contributed Sessions
Nicole Barthel* (p. 47)
Mickaël De Backer* (p. 48)
José De Jesús Arias Garćıa* (p. 49)
Sebastian Fuchs (p. 50)
Hans De Meyer (p. 51)
Noppadon Kamnitui* (p. 52)
Matthias Killiches* (p. 53)
Pavel Krupskiy (p. 54)
Malte S. Kurz* (p. 55)
Martynas Manstavicius (p. 56)
Thomas Mroz* (p. 57)

Dominik Müller* (p. 58)
Marta Nai Ruscone (p. 59)
Fatima Palacios-Rodŕıguez* (p. 60)
Roberta Pappadá (p. 61)
Klaus D. Schmidt (p. 62)
Manuela Schreyer* (p. 63)
Fabian Spanhel (p. 64)
Songkiat Sumetkijakan (p. 65)
Hideatsu Tsukahara (p. 66)
Anna Zaremba* (p. 67)

Poster Session
Hugo Brango (p. 68)
Simon Chatelain (p. 69)
Nico Katzke (p. 70)
Nikolai Kolev (p. 71)

Andreas Mändle (p. 72)
Elisa Perrone (p. 73)
Burcu Hudaverdi Ucer (p. 74)

*...early stage researchers
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Plenary Speakers

Conditional copulas: inference for no covariates effect
Irène Gijbels Marek Omelka Noël Veraverbeke

Abstract

In dependence modelling using conditional copulas, one often imposes the working
assumption that the covariate(s) influences the conditional copula solely through
the marginal distributions. This so-called (pairwise) simplifying assumption is, for
example, often made in vine copula constructions. Two important questions then
arise: (i) how to test whether such a simplifying assumption is valid or not?; (ii)
if the assumption holds, how to estimate efficiently the conditional copula? In this
talk the main focus is in testing whether this assumption holds or not. A brief
discussion of available tests is given. We present some nonparametric tests for test-
ing the null hypothesis of the simplifying assumption, and study their asymptotic
behaviours, under the null hypothesis and under some local alternatives. The em-
phasis is on tests which are fully nonparametric in nature: not requiring choices
of copula families nor knowledge of the marginal distributions. The finite-sample
performances of the discussed tests are investigated via a simulation study. A real
data application illustrates the use of the tests.

Irène Gijbels (presenting author), KU Leuven, Celestijnenlaan 200B, Box
2400, B-3001 Leuven (Heverlee), Belgium
E-mail address: irene.gijbels@wis.kuleuven.be

Marek Omelka, Charles University in Prague, Czech Republic
E-mail address: omelka@karlin.mff.cuni.cz

Noël Veraverbeke, Hasselt University, Belgium
E-mail address: noel.veraverbeke@uhasselt.be
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Ultramodular binary copulas:
results and constructions

Erich Peter Klement

Abstract

We discuss some properties of ultramodular binary copulas. In general, the ultra-
modularity of a real function is a stronger version of both its convexity and its
supermodularity (the latter property being always satisfied in the case of a binary
copula).
In a statistical sense, ultramodular binary copulas are related to random vectors
whose components are mutually stochastically decreasing with respect to each other.
Analytically speaking, an ultramodular binary copula is characterized by the con-
vexity of all of its horizontal and vertical sections.
Among other results, we give a characterization of the additive generators of Archi-
medean ultramodular binary copulas, and we propose two constructions for binary
copulas:
• the first one being based on ultramodular aggregation functions,
• the other one showing the special role of ultramodularity and Schur concavity

for a product-like composition of binary copulas being again a binary copula.

Erich Peter Klement, Johannes Kepler University, Linz, Austria
E-mail address: ep.klement@jku.at
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Dependence Modeling with Copulas
Roger B. Nelsen

Abstract
Copulas have proven to be remarkably useful for modeling dependence in a variety
of settings. In this talk we will survey important aspects of the theory of copulas
that make them well suited for dependence modeling. We will discuss methods
for constructing one and two parameter families, dependence properties (e.g., tail
dependence), applications (e.g., extreme value theory, Schur-constant survival mod-
els), simulation techniques, etc. We will also discuss cautions about and limitations
to the use of these copulas. We conclude with several open problems.

Roger B. Nelsen, Department of Mathematical Sciences, Lewis & Clark Col-
lege, Portland, Oregon 97219 USA
E-mail address: nelsen@lclark.edu

14

mailto:nelsen@lclark.edu


Risk bounds with partial dependence information
Ludger Rüschendorf

Abstract

We describe several approaches to improve risk bounds for aggregated portfolios of
risks based on marginal information. By a series of recent papers it has become
clear that the dependence uncertainty on the aggregated risks based on marginal
information only is typically too wide to be acceptable in applications.
Several approaches to reduce DU-uncertainty have been developed recently to in-
clude partial dependence information in order to reduce the model uncertainty.
These include higher order marginals, global variance or higher order moment
bounds, positive or negative dependence restrictions and structural information
given by common risk factors (partially specified risk factor models). Several ap-
plications show that these improved risk bounds may lead to results acceptable in
praxis.

The talk is based on joint work with P. Embrechts, G. Puccetti, C. Bernard, S.
Vanduffel R. Wang , D. Small and D.Manko.

Ludger Rüschendorf, University of Freiburg, Eckerstraße 1, 79104 Freiburg,
Germany
E-mail address: ruschen@stochastik.uni-freiburg.de
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Copulas of class G:
Properties, Constructions, Applications

Jan-Frederik Mai Steffen Schenk Matthias Scherer

Abstract

We consider the family of d-variate copulas, denoted “class G”, that is obtained by
ordering, distorting, and multiplying the arguments u1, . . . , ud, i.e.

(u1, . . . , ud) 7→
d∏

k=1
gk(u[k]), u[1] ≤ . . . ≤ u[d],

with suitable distortion functions gk : [0, 1]→ [0, 1] for k = 1, . . . , d. A full analytical
characterization is achieved and a stochastic interpretation is found that links this
family of multivariate distribution functions to exchangeable, exogenous shock mod-
els. A second stochastic model of “de Finetti-type”, based on increasing additive
processes, is established. The considered family of copulas comprises some interest-
ing subfamilies. Among these are exchangeable Marshall–Olkin copulas, Sato cop-
ulas (providing a “Kimberling-type” copula-characterization of self-decomposable
probability laws on the positive real axis), and Dirichlet copulas that implicitly ap-
pear in Bayesian statistics. A third – and for sampling applications most efficient –
stochastic representation is derived that can be considered a conditional sampling
representation. We conclude with applications in risk management.

Jan-Frederik Mai, XAIA Investment GmbH, Sonnenstraße 19, 80331 München,
Germany
E-mail address: jan-frederik.mai@xaia.com

Steffen Schenk, Celonis GmbH, Radlkoferstraße 2, 81373 München, Ger-
many
E-mail address: s.schenk@celonis.de

Matthias Scherer, Technische Universität München, Parkring 11, 85748 Gar-
ching-Hochbrück, Germany
E-mail address: scherer@tum.de
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Invited Sessions

Weak convergence of the empirical copula process with
respect to weighted metrics

Betina Berghaus Axel Bücher Stanislav Volgushev

Abstract

The empirical copula process plays a central role in the asymptotic analysis of many
statistical procedures which are based on copulas or ranks. Among other applica-
tions, results regarding its weak convergence can be used to develop asymptotic
theory for estimators of dependence measures or copula densities, they allow to
derive tests for stochastic independence or specific copula structures, or they may
serve as a fundamental tool for the analysis of multivariate rank statistics. This talk
is concerned with weak convergence of the empirical copula process (for observa-
tions that are allowed to be serially dependent) with respect to weighted supremum
distances. The usefulness of this result is illustrated by an application to estimation
procedures for the Pickands dependence function arising in multivariate extreme-
value theory.

Betina Berghaus (corresponding author), Ruhr University Bochum, Univer-
sitätsstrasse 150, 44801 Bochum, Germany
E-mail address: betina.berghaus@rub.de

Axel Bücher, Ruhr University Bochum, Universitätsstrasse 150, 44801 Bochum,
German
E-mail address: axel.buecher@rub.de

Stanislav Volgushev, Cornell University, 1188 Comstock Hall, US
E-mail address: sv395@cornell.edu
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Detecting breaks in the dependence of multivariate
extreme-value distributions

Axel Bücher Paul Kinsvater Ivan Kojadinovic

Abstract
In environmental sciences, it is often of interest to assess whether the dependence
between extreme measurements has changed during the observation period. In this
talk, we propose a statistical test that is particularly sensitive to such changes. The
resulting procedure is also extended to allow the detection of changes in the extreme-
value dependence under the presence of known breaks in the marginal distributions.
Simulations are carried out to study the finite-sample behavior of both versions of
the proposed test. Illustrations on hydrological data sets conclude the talk.

Axel Bücher (corresponding author), Ruhr-Universität Bochum, Germany
E-mail address: axel.buecher@rub.de

Paul Kinsvater, Technische Universität Dortmund, Germany
E-mail address: kinsvater@statistik.tu-dortmund.de

Ivan Kojadinovic, Université de Pau, France
E-mail address: ivan.kojadinovic@univ-pau.fr
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On the weak convergence of the empirical conditional
copula under a simplifying assumption

François Portier Johan Segers

Abstract

When the copula of the conditional distribution of two random variables given a co-
variate does not depend on the value of the covariate, two conflicting intuitions arise
about the best possible rate of convergence attainable by nonparametric estimators
of that copula. In the end, any such estimator must be based on the marginal con-
ditional distribution functions of the two dependent variables given the covariate,
and the best possible rates for estimating such localized objects is slower than the
parametric one. However, the invariance of the conditional copula given the value
of the covariate suggests the possibility of parametric convergence rates. The more
optimistic intuition is shown to be correct, confirming a conjecture supported by
extensive Monte Carlo simulations by I. Hobaek Haff and J. Segers [Computational
Statistics and Data Analysis 84:1–13, 2015] and improving upon the nonparametric
rate obtained theoretically by I. Gijbels, M. Omelka and N. Veraverbeke [Scandina-
vian Journal of Statistics 2015, to appear]. The novelty of the proposed approach
lies in the double smoothing procedure employed for the estimator of the marginal
cumulative distribution functions. Under mild conditions on the bandwidth se-
quence, the estimator is shown to take values in a certain class of smooth functions,
the class having sufficiently small entropy for empirical process arguments to work.
The copula estimator itself is asymptotically undistinguishable from a kind of or-
acle empirical copula, making it appear as if the marginal conditional distribution
functions were known.

François Portier (corresponding author), Telecom ParisTech, 26 rue Bar-
rault, 75013 Paris, France
E-mail address: francois.portier@gmail.com

Johan segers, Université catholique de Louvain, 12 voie du roman pays, 1376
Louvain-La-Neuve, Belgique
E-mail address: johan.segers@uclouvain.be
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Copulas for Discrete or Mixed Data and Applications
Christian Genest Johanna G. Nešlehová Bruno Rémillard

Abstract

In this talk, we will introduce the multilinear empirical copula for discrete or mixed
data and its asymptotic behaviour will be studied. Note that no jittering is involved.
This result will then be used to construct inference procedures for multivariate data.
Applications for testing independence will be presented.

Christian Genest, McGill University, Department of Mathematics and Statis-
tics, Montréal, Canada
E-mail address: christian.genest@mcgill.ca

Johanna G. Nešlehová, McGill University, Department of Mathematics and
Statistics, Montréal, Canada
E-mail address: johanna@math.mcgill.ca

Bruno Rémillard (corresponding author), HEC Montréal, Department of
Decision Sciences, Montréal, Canada
E-mail address: bruno.remillard@hec.ca
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Nonparametric estimation of copulas by the Bernstein
method

Noël Veraverbeke

Abstract
In this talk we discuss the asymptotic properties of the so-called Bernstein estima-
tion method for bivariate copulas. This smoothing method approximates the copula
function C(u, v) by a polynomial of degree m in (u, v). Asymptotics are considered
as the sample size n and the degree m both tend to infinity. The estimator for the
copula C leads in a natural way to a corresponding estimator for the density c of
C. We also consider parallel results for the first order partial derivative of C. This
then leads to new estimators for the conditional distribution function and condi-
tional density function and important functionals such as regression and quantile
functions.

Noël Veraverbeke (corresponding author), Hasselt University, Center for
Statistics, Universitaire Campus, 3590 Diepenbeek, Belgium
E-mail address: noel.veraverbeke@uhasselt.be
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Extra-parametrized extreme-value copula : an
extension to a spatial framework

Julie Carreau Gwladys Toulemonde

Abstract

Extreme-value copulas are justified by the theory of multivariate extremes. However,
most high-dimensional copulas are too simplistic for applications. Recently, a class
of flexible extreme-value copulas was put forward by combining two extreme-value
copulas with a weight parameter in the unit hyper-cube.
In a multisite study, the copula dimension being the number of sites, this extra-
parametrized approach quickly becomes over-parametrized. In addition, interpo-
lation is not straightforward. The aim of this work is to extend this approach to
a spatial framework. By taking the weight parameter as a function of covariates,
model complexity is reduced. Moreover, the model is defined at every point of the
space and can be interpreted in terms of distances.
We focus on the spatial extension based on Gumbel copulas and describe its possible
extremal dependence structures. The proposed spatial model is applied on synthetic
and precipitation data in the Mediterranean area.

Julie Carreau (corresponding author), HydroSciences Montpellier, Univer-
sité de Montpellier, Montpellier, France
E-mail address: julie.carreau@univ-montp2.fr

Gwladys Toulemonde, IMAG, Université de Montpellier, Montpellier, France
E-mail address: gwladys.toulemonde@univ-montp2.fr
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Copulas and discrete distributions
Olivier P. Faugeras

Abstract
We study copulas associated with discrete multivariate distributions. In a first part,
we show how to use probabilistic techniques (maximal coupling) to give a positive
answer to some delicate issues related to the convergence of genuine empirical copula
functions and some corresponding measures of dependence, under the very weak
hypothesis of ergodicity of the sample, a framework which encompasses most types of
serial dependence encountered in practice. In a second part, we discuss and illustrate
the mathematical, statistical and epistemological issues and pitfalls involved in using
parametric copula models for making inference from discrete data.

Olivier P. Faugeras, Toulouse School of Economics, University of Toulouse
Capitole, Manufacture des Tabacs, Bureau MF319, 21 Allée de Brienne,
31000 Toulouse, France
E-mail address: olivier.faugeras@tse-fr.eu.
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Semiparametric conditional copula estimation in a
bivariate censoring framework

Olivier Lopez Yohann Le Faou

Abstract
In this work, we study the dependence structure between two random variables
subject to censoring. In our framework, the dependence parameter is allowed to
depend on covariates. The procedure we develop is a M-estimation approach, com-
bined with kernel smoothing procedures. We derive asymptotic representations of
the conditional copula parameter and investigate their limit behavior. Our work
is motivated by insurance applications where a dependence of the lower tail of the
distribution is investigated.

Olivier Lopez (corresponding author), Sorbonne Universités, UPMC Univer-
sité Paris VI, FRE 3684, LSTA, 4 place Jussieu 75005 Paris, France
E-mail address: olivier.lopez@upmc.fr

Yohann Le Faou, Sorbonne Universités, UPMC Université Paris VI, FRE 3684,
LSTA, 4 place Jussieu 75005 Paris, France
E-mail address: yohann.lefaou@forsides.fr
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Copula’s approximations: application to quantile
estimation.

Andrés Cuberos Esterina Masiello
Véronique Maume-Deschamps.

Abstract
Estimating quantiles of aggregated variables (mainly sums) is crucial in risk man-
agement for many application fields such as finance, insurance, environment... This
question has been widely treated but new efficient methods are always welcome;
especially if they apply in (relatively) high dimension. We propose an estimation
procedure based on the checkerboard copula. It allows to get good estimations from
a (quite) small sample of the multivariate law and a full knowledge of the marginal
laws. This situation is realistic for many applications. Estimations may be improved
by including in the checkerboard copula some additional information (on the law of
a sub-vector or on tail probabilities).

Andrés Cuberos, SCOR, France
E-mail address: acuberos@scor.com

Esterina Masiello, Univ Lyon, Université Claude Bernard Lyon 1, CNRS UMR
5208, Institut Camille Jordan, 43 blvd. du 11 novembre 1918, F-69622 Villeur-
banne cedex, France
E-mail address: esterina.masiello@univ-lyon1.fr

Véronique Maume-Deschamps (corresponding author), Univ Lyon, Université
Claude Bernard Lyon 1, CNRS UMR 5208, Institut Camille Jordan, 43 blvd.
du 11 novembre 1918, F-69622 Villeurbanne cedex, France
E-mail address: veronique.maume@univ-lyon1.fr
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On some tail dependence transformations of
multivariate Archimedean copulas

Elena Di Bernardino Didier Rullière

Abstract
We discuss the impact of two classes of transformations on the multivariate tail
dependence coefficients of some copulas. The considered transformations both act
within the class of Archimedean copulas and allow to build generators exhibiting
any chosen tail dependence coefficients.
The first investigated class of transformations relies on functions composition. We
focus on the case where the transformed copula exhibits some regular variation
properties. We investigate the behaviour of these coefficients in cases that are close
to tail independence. Some results are also given under specific conditions involving
regularly varying hazard rates of components of the transformation.
The second investigated class of transformations is built in order to ensure the va-
lidity of the transformed Archimedean generator. We discuss properties of these
transformations, and present some numerical illustrations showing that the trans-
formation can improve both likelihood and tail dependence on a given data.

Elena Di Bernardino, CNAM, Département IMATH, EA4629, 292 rue Saint-
Martin, Paris Cedex 03, France
E-mail address: elena.di bernardino@cnam.fr

Didier Rullière (corresponding author), Université de Lyon, Université Lyon
1, ISFA, Laboratoire SAF, EA2429, 50 avenue Tony Garnier, 69366 Lyon,
France
E-mail address: didier.rulliere@univ-lyon1.fr
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A conditional copula-based imputation technique
F. Marta L. Di Lascio Simone Giannerini

Abstract
We present a copula-based imputation method for multivariate missing data with
generic patterns and complex dependence structure. The method is based on the
conditional density functions of the missing variables given the observed ones. These
functions can be derived analytically once parametric models for the margins and
the copula are specified. When analytical derivations are not feasible, the margins
are estimated non-parametrically through local likelihood methods. We describe
both the analytic and the semiparametric version of the the copula-based imputa-
tion method and investigate their performance in terms of preservation of both the
dependence structure and the microdata through Monte Carlo studies. Moreover,
we present a comparison with classical imputation methods. We have implemented
and made available the method through the R package CoImp. We provide an illus-
tration of how to handle the imputation through the R package, i.e. a description
of its main functions, their output and usage on real data sets.

F. Marta L. Di Lascio (corresponding author), Free University of Bolzano-
Bozen, piazza Università, 1, Bolzano-Bozen, Italy
E-mail address: marta.dilascio@unibz.it

Simone Giannerini, University of Bologna, via Belle Arti, 41, Bologna, Italy
E-mail address: simone.giannerini@unibo.it
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VineCopula: An R package (not just) for inference of
vine copula models

Thomas Nagler

Abstract

In vine copula models, the dependence of a multivariate random vector is described
using only bivariate copulas as building blocks. Due to their flexibility, vine copula
models have gained tremendous popularity amongst academics and practitioners.
A key factor for this success has been the R package VineCopula. Its main purpose
is to provide tools for dependence modeling with vines — including methods for
estimation, model selection, and simulation. But there is more: since bivariate
copulas are the main ingredient of a vine copula, the package also offers numerous
features for bivariate dependence modeling. In this talk, we give an overview of the
package’s functionality and examples of its use.

Thomas Nagler (corresponding author), Technische Universität München,
Boltzmannstraße 3, 85748 Garching, Germany
E-mail address: thomas.nagler@tum.de
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Vines Estimation for Mixed Data using Penalized
Splines

Christian Schellhase Göran Kauermann

Abstract

The talk presents the estimation of nonparametric vines for mixed data using penal-
ized B-splines. We estimate each pair-copula density of the vine in a flexible, that
is semi-parametric way by refraining from any strong parametric assumptions on
the structure of the pairs, using penalized B-splines. The estimation of probability
mass functions in the context of copulas is easily done using constant B-splines,
whose nodes are placed at the jump points of the empirical cumulative distribu-
tion function of some ordinal data. The independence of the constant B-splines
from each other ensures the applicability. Our pair-copula for ordinal data is fol-
lowing the theoretical ideas of checkerboard copulas and subcopulas. The entire
approach allows to fit distributions for mixed data, for instance fitting log-linear
graphical models. The estimation of distributions for mixed data is implemented in
a R-package, which is interesting for e.g. calculating counterfactual distributions.

Christian Schellhase (corresponding author), Bielefeld University, Post-
fach 10 01 31, D-33501 Bielefeld, Germany
E-mail address: cschellhase@wiwi.uni-bielefeld.de

Göran Kauermann, Institut für Statistik, Ludwig-Maximilians-University Mu-
nich, LudwigstraÃ§e 33, D-80539 München, Germany
E-mail address: goeran.kauermann@stat.uni-muenchen.de
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gofCopula: Goodness-of-Fit Tests for Copulae
Simon Trimborn Ostap Okhrin Shulin Zhang

Qian M. Zhou

Abstract
We present a new ”fire-and-forget” gofCopula R-package for Good-ness-of-Fit (GoF)
tests for copulae. Current strand of literature proposes a big list of different tests
having same H0 hypothesis, but with, obviously, different H1 alternatives. This
leads to the fact that different tests have different properties, especially in captur-
ing error of the second type. In this work we discuss important and most powerful
tests from recent literature and show their implementation in the R-package. Our
intention was to make at most user friendly package in which in the unified frame-
work many GoF for copulae have been gathered including most recent PIOS and
hybrid tests. Because of bootstrapping procedure in finding the p-values most of
tests are very time consuming, therefore special function for prediction time needed
to accomplish computations has been introduced. Another advantage of the pack-
age, that it allows for parallel computation which saves time for the user. The list
of other functions makes this package very attractive for the practitioners.

Simon Trimborn (corresponding author), Humboldt-Universität zu Berlin,
Ladislaus von Bortkiewicz Chair of Statistics, School of Business and Eco-
nomics, Humboldt-Universität zu Berlin, Unter den Linden 6, 10099 Berlin,
Germany
E-mail address: simon.trimborn@hu-berlin.de

Ostap Okhrin, Technische Universität Dresden, Fakultät Verkehrswissen-
schaften ”Friedrich List”, Institut für Wirtschaft & Verkehr, Würzburger
Str. 35, 01187 Dresden, Germany
E-mail address: ostap.okhrin@tu-dresden.de

Shulin Zhang, Southwestern University of Finance and Economics, Center
of Statistical Research, School of Statistics, Southwestern University of
Finance and Economics, China
E-mail address: slzhang@swufe.edu.cn

Qian M. Zhou, Simon Fraser University, Department of Statistics and Actu-
arial Science, Simon Fraser University, Canada
E-mail address: qmzhou@sfu.ca
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Diversification limit of var under dependence
uncertainty

Valeria Bignozzi Tiantian Mao Bin Wang Ruodu Wang

Abstract

In this talk we present some recent mathematical developments in the field of Risk
Aggregation under Model Uncertainty. We investigate the asymptotic behaviour of
the portfolio diversification ratio based on Value-at-Risk under dependence uncer-
tainty, which we refer to as ”worst-case diversification limit”. In the case of regularly
varying margins, we provide explicit values for the worst-case diversification limit;
we show that under the framework of dependence uncertainty the worst-case di-
versification limit is significantly higher compared to classic results obtained in the
literature of multivariate regularly varying distributions. The results carried out
in this paper bring together extreme value theory and dependence uncertainty, two
popular topics in the recent study of risk aggregation.

Valeria Bignozzi (corresponding author), MEMOTEF Department, Sapienza
University of Rome, Via del Castro Laurenziano 9, Italy
E-mail address: valeria.bignozzi@uniroma1.it

Tiantian Mao, Department of Statistics and Finance, University of Science
and Technology of China, Hefei, Anhui 230026, China
E-mail address: tmao@ustc.edu.cn

Bin Wang, Department of Mathematics, Beijing Technology and Busi- ness
University, Beijing 100048, China
E-mail address: wang bin@btbu.edu.cn

Ruodu Wang, Department of Statistics and Actuarial Science, Uni- versity
of Waterloo, Waterloo, ON N2L3G1, Canada
E-mail address: wang@uwaterloo.ca
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Bonus-Malus principles in insurance portfolios
Corina Constantinescu Weihong Ni

Abstract

In this talk we will discuss a few collective risk models with dependence structures
that mimic Bonus Malus principles in insurance portfolios.

Corina Constantinescu (corresponding author), University of Liverpool, Peach
Street, L69 7ZL
E-mail address: c.constantinescu@liverpool.ac.uk

Weihong Ni, University of Liverpool, Peach Street, L69 7ZL
E-mail address: w.ni@liverpool.ac.uk
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Expectiles, Omega Ratios and Stochastic Ordering
Alfred Müller

Abstract
In this paper we introduce the expectile order, defined by X ≤e Y if eα(X) ≤ eα(Y )
for each α ∈ (0, 1), where eα denotes the α-expectile. We show that the expectile
order is equivalent to the pointwise ordering of the Omega ratios, and we derive
several necessary and sufficient conditions. In the case of equal means, the expectile
order can be easily characterized by means of the stop-loss transform; in the more
general case of different means we provide some sufficient conditions. In contrast
with the more common stochastic orders such as ≤st and ≤cx, the expectile order
is not generated by a class of utility functions and is not closed with respect to
convolutions. As a byproduct of our analysis, we also provide a formula to recover
a distribution from its expectile curve. As an illustration, we compare the ≤st, ≤icx
and ≤e orders in the family of Lomax distributions.

Alfred Müller, Universität Siegen, Department Mathematik, Germany
E-mail address: mueller@mathematik.uni-siegen.de
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Extremal limits of equidistributed sequence
Maria Rita Iacò Stefan Thonhauser Robert F. Tichy

Abstract

In the research field on equidistributed sequences one recently became interested on
extremal limits of the form

lim
N→∞

N∑
n=1

c(xn, yn),

where xn, yn are equidistributed sequences. Naturally, such questions can be linked
to the problem of maximizing ∫

[0,1]2
c(x, y)γ(dx, dy)

over the set of probability measures γ on the unit square with uniform marginals,
which is the classical optimal transport problem. In this talk I will illustrate how
such question arise in the theory of equidistributed sequences and how the theory
of optimal transport can be used to give straightforward proofs of results from this
number theoretic field. Furthermore one can deal with problems, which could not
be handled in this context before.

Maria Rita Iacò, Université Paris Diderot, 8 Place Aurélie Nemours, 75013
Paris, France
E-mail address: iaco@math.tugraz.at

Stefan Thonhauser (corresponding author), Graz University of Technology,
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Tests of simplified assumption for conditional copulae
Alexis Derumigny Jean-David Fermanian

Abstract

Under the so-called simplified assumption” (SA), conditional copulae do not depend
on their conditioning subsets. We propose several non-parametric and parametric
tests of this commonly used assumption. The former ones are based on some com-
parisons between empirical counterparts under or without (SA), or are based on
a particular independence property. The latter ones are obtained though usual
distances between nonparametrically and parametrically estimated distributions or
densities. The consistency and the power of such tests are evaluated by simulation,
through some adapted bootstrap procedures.

Alexis Derumigny, ENSAE, 3 av. Pierre Larousse, 92245 Malakoff cedex,
France
E-mail address: Alexis.DERUMIGNY@ensae-paristech.fr

Jean-David Fermanian (corresponding author), ENSAE-Crest, 3 av. Pierre
Larousse, 92245 Malakoff cedex, France
E-mail address: jean-david.fermanian@ensae.fr
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Modeling dependence by random scaling
Christian Genest

Abstract

Random scaling is a natural way of modeling latent risk factors. Many broad classes
of dependence models are of this form, e.g., Archimedean, elliptical, and extreme-
value copulas. New tractable models based on this paradigm will be introduced.
Their properties will be described, and their use for modeling dependent risks and
large losses in insurance will be highlighted.

C. Genest, Department of Mathematics and Statistics, McGill University,
805, rue Sherbrooke ouest, Montréal, QC, Canada H3A 0B9
E-mail address: cgenest@math.mcgill.ca
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On truncation invariant copulas and their estimation
Piotr Jaworski

Abstract
The turmoil on financial markets, which we observe during last years, emphasize the
necessity of considering models that can serve to estimate better the occurrence of
extremal events. One of the approaches is based on the study of truncated copulas
i.e the copulas of conditional distribution when we condition one of variables to
lie above or below some threshold. To make the model feasible we approximate
truncation copulas by the limits for extremal thresholds. Such limits if exist must
be truncation invariant. In my talk I will discuss several ways of estimating the
truncation limits.

Piotr Jaworski (corresponding author), University of Warsaw, ul. Banacha
2, 02-097 Warszawa, Poland
E-mail address: P.Jaworski@mimuw.edu.pl
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Multivariate max-id copulas with `1-norm symmetric
exponent measure
Johanna G. Nešlehová

Abstract

Members of the well-known family of bivariate Galambos copulas can be expressed in
a closed form in terms of the univariate Fréchet distribution. This formula extends to
any dimension and can be used to define a whole new class of tractable multivariate
copulas that are generated by suitable univariate distributions. In this presentation,
I will derive the necessary and sufficient conditions on the underlying univariate
distribution that ensure that the resulting copula indeed exists. I will also show that
these new copulas are in fact dependence structures of certain max-id distributions
with `1-norm symmetric exponent measure. Basic dependence properties of this
new class will be investigated along with an efficient algorithm for random number
generation. This is joint work with Christian Genest and Louis-Paul Rivest.

J.G. Nešlehová, Department of Mathematics and Statistics, McGill Univer-
sity, 805, rue Sherbrooke ouest, Montréal, QC, Canada H3A 0B9
E-mail address: johanna@math.mcgill.ca
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Estimation of Hierarchical Archimedean Copulas
Based on Kendall’s Tau and Goodness of Fit

Jan Górecki Marius Hofert Martin Holeňa

Abstract

Kendall’s tau is a measure of concordance that has been successfully used for es-
timation of the parameters and the structure of hierarchical Archimedean copulas
(HACs). However, particularly for the estimation of the structure of HACs, there
has not been presented any theoretical proof justifying the published approaches
based on Kendall’s tau. In the talk, we will introduce a theorem showing that the
structure of a HAC can be recovered just from the corresponding Kendall correlation
matrix. Then, applicability of an approach based on the theorem will be illustrated
on simulation studies in high dimensions, e.g., for d = 100. Moreover, enhancing
the approach by goodness-of-fit statistics, it will be shown on another simulation
study that even a HAC involving more than one Archimedean family of generators
can also be successfully estimated, including the structure, which has not yet been
reported in the literature.

Jan Górecki (corresponding author), Silesian University in Opava, Univerz-
itńı náměst́ı 1934/3, 733 40 Karviná, Czech Republic
E-mail address: gorecki@opf.slu.cz

Marius Hofert, University of Waterloo, 200 University Avenue West, Wa-
terloo, ON, Canada
E-mail address: marius.hofert@uwaterloo.ca

Martin Holeňa, Academy of Sciences of the Czech Republic, Pod vodárenskou
věž́ı 271/2, 182 07 Praha, Czech Republic
E-mail address: martin@cs.cas.cz
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Penalized Estimation of Hierarchical Archimedean
Copula

Ostap Okhrin Alexander Ristig

Abstract
We propose an estimation procedure for hierarchical Archimedean copula which
builds on a non-concave penalized likelihood. In particular, we estimate the pa-
rameters and aggregate the structure of hierarchical Archimedean copula simulta-
neously by implicitly imposing a penalty on the structure. This can be interpreted
as penalizing a diversified dependence structure in favor of equi-dependence while
accounting for the curvature of the likelihood function and the variability of the pa-
rameters respectively. The asymptotic properties of our estimation and data-driven
aggregation technique are derived and small sample properties are illustrated in a
simulation study.

Ostap Okhrin, Dresden University of Technology, Würzburger Str. 35,
01187 Dresden, Germany
E-mail address: ostap.okhrin@tu-dresden.de

Alexander Ristig (corresponding author), University of Vienna, Oskar-Mor-
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Clustering estimator of the HAC for high-frequency
data.

Ostap Okhrin Anastasija Tetereva

Abstract
Paper introduces a computationally simple estimator for the multivariate hierarchi-
cal Archimedean copulae. It is proposed to estimate the structure and the parame-
ters of a copula simultaneously based on the correlation matrix only. The advantage
of the average correlation estimator is the significant reduction of the computational
costs and that it can be used in cases when the maximum likelihood type estimation
can not be performed. Extensive simulation studies show the superior performance
and the low computational costs of the proposed estimator in comparison to the
benchmark models.
In the case of high-frequency data, the proposed algorithm enables the estimation
based on the realized covariance matrix. The application of the estimator to the
one-day-ahead Value at Risk prediction using high-frequency data gives rise to the
hierarchical realized copula (RHAC). The RHAC exhibits good forecasting proper-
ties for a multivariate portfolio in comparison to the dynamic copula and realized
covariance models and does not suffer under the curse of dimensionality.

Ostap Okhrin, Chair of Econometrics and Statistics esp. Transportation,
Institute of Economics and Transport, Faculty of Transportation, Dresden
University of Technology, Helmholtzstrasse 10, 01069 Dresden, Germany
E-mail address: ostap.okhrin@tu-dresden.de
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Building conditionally dependent parametric
one-factor copulas

Nathan Uyttendaele Gildas Mazo

Abstract
So far, one-factor copulas induce conditional independence with respect to a latent
factor. In this talk, these one-factor copulas are extended through two represen-
tations allowing for a varying conditional dependence structure. Estimation issues
are discussed, as well as how to distinguish between conditionally independent and
conditionally dependent one-factor copulas, thanks to a novel statistical test which
does not assume any parametric form for the conditional dependence structure.

Nathan Uyttendaele (corresponding author), UniversitÃľ Catholique de Lou-
vain, Institut de statistique, biostatistique et sciences actuarielles Univer-
sitÃľ catholique de Louvain Voie du Roman Pays 20, bte L1.04.01 B-1348
Louvain-la-Neuve, Belgium
E-mail address: na.uytten@gmail.com

Gildas Mazo, UniversitÃľ Catholique de Louvain, Institut de statistique, bio-
statistique et sciences actuarielles UniversitÃľ catholique de Louvain Voie
du Roman Pays 20, bte L1.04.01 B-1348 Louvain-la-Neuve, Belgium
E-mail address: gildas.mazo@uclouvain.be
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Copulas with given sections
Enrique de Amo Artero

Abstract

Very recently, the problem of finding a copula when it is known on a given subset
of its domain has gained special attention. In this communication we survey several
papers that have provided successfully their different attempts.

Enrique de Amo Artero (corresponding author),Universidad de Almeŕıa, De-
partamento de Matemáticas, Ctra. Sacramento, s/n, 04120 La Cañada, Al-
meŕıa, Spanien
E-mail address: edeamo@ual.es
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Reliability Systems and signature-related classes of
copulas

G. Nappo F. Spizzichino

Abstract

Let S be a (binary) reliability system made up with n (binary) components. The
structure-function φ : {0, 1}n → {0, 1} of S describes the state of S corresponding
to the vector (y1, ..., yn) of the states of the single components, i.e.,

yS = φ (y1, ..., nn) ∈ {0, 1}.

It is commonly assumed that φ is non-decreasing, and

φ (0, ..., 0) = 0, φ (1, ..., 1) = 1,

Letting T1, T2, ..., Tn be the (random) failure times of the components, we assume

P{Ti 6= Tj} = 1, i 6= j,

and look at TS , the lifetime of S, as a function of T ≡ (T1, T2, ..., Tn).
Let G denote the vector of marginal survival functions for T and K its survival
copula, then F TS

(t), the survival function of the system, is a functional of φ, K,
and G.
Within this framework, the probability-signature p ≡ (p1, ..., pn) is of interest, where

pk := P{TS = T(k)}, k = 1, ..., n.

and T(1), ..., T(n) are the order statistics of T.
We concentrate attention on the special case when the lifetimes are identically
distributed and preliminary prove that, for any fixed φ, p = p(φ,K) only depends
on K and φ. There may exist other n-dimensional copulas C such that p (φ;C) =
p (φ;K), then we consider the equivalence classes

CφK = {C|p (φ;C) = p (φ;K)}

and show several related properties. In particular we point out relations between
CφK and symmetry properties of φ.

Giovanna Nappo (corresponding author), University of Rome La Sapienza,
Piazzale Aldo Moro 2, I-00187, Italy
E-mail address: nappo@mat.uniroma1.it

Fabio Spizzichino, University of Rome La Sapienza, Piazzale Aldo Moro 2,
I-00187, Italy
E-mail address: fabio.spizzichino@uniroma1.it
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On the Relation Between Load-Sharing Dependence
Models and Conditional Independence

M. Piccioni F. Spizzichino

Abstract

We consider n lifetimes T1, ..., Tn with an absolutely continuous joint distribution.
Such a distribution can be characterized in terms of the family of the multivariate
conditional hazard rates, where λj(t|(i1, ..., ik); t1, ..., tk) is given by

lim
h↓0

1
h
P (Tj < t+ h|Tim = tm,m = 1, . . . , k, Tl > t, l /∈ {i1, ..., ik}) ,

for any {i1, ..., ik} ⊂ {1, ..., n}, j /∈ {i1, ..., ik}, 0 < t1 < ... < tk < t.
Our attention is concentrated on the so-called Load-Sharing models, characterized
by the condition that, for any t > 0, j and (i1, ..., ik), λj(t|(i1, ..., ik); t1, ..., tk) does
not depend on (t1, ..., tk).
In the talk, we first point out the significance of these models in different applied
fields (such as Reliability and Credit Risk) and discuss to which extent they are
able to describe direct interactions between risks of failure or default.
A seemingly different pattern of dependence is the one triggered by the presence of
common non-observable factors as, in particular, it happens in conditional indepen-
dence models.
From this perspective, it is of interest to analyze when it is possible to describe Load-
Sharing models also under the form of conditional independence. In the second part
of the talk, some related results and relevant examples will be presented.

Mauro Piccioni (corresponding author), University of Rome La Sapienza, Pi-
azzale Aldo Moro 2, I-00187, Italy
E-mail address: piccioni@mat.uniroma1.it

Fabio Spizzichino, University of Rome La Sapienza, Piazzale Aldo Moro 2,
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E-mail address: fabio.spizzichino@uniroma1.it
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A Copula framework for assessing Hazard Scenarios
and Failure Probabilities

G. Salvadori F. Durante C. De Michele M. Bernardi
L. Petrella

Abstract

Several international guidelines have recently recommended to individuate appro-
priate/relevant Hazard Scenarios in order to tame the consequences of (extreme)
natural phenomena. In particular, the scenarios should be multivariate, taking into
account the fact that several not independent variables may be simultaneously at
play.
In this work, it is shown how a Hazard Scenario can be identified in terms of (i) a
specific geometry and (ii) a suitable probability level. Several scenarios, as well as
a Structural approach, are presented, and due comparisons are carried out.
In addition, it is shown how the Hazard Scenario approach illustrated here is well
suited to cope with the notion of Failure Probability, a tool traditionally used for
design and risk assessment in engineering practice. All the results outlined through-
out the work are based on the Copula Theory, which turns out to be a fundamental
theoretical apparatus for doing multivariate risk assessment.
Suitable indications for the practical application of the techniques outlined in the
work are given, and two case studies illustrate the procedures discussed.

G. Salvadori, Università del Salento, Matematica e Fisica, Via Per Arnesano,
73100 Lecce, Italy
E-mail address: gianfausto.salvadori@unisalento.it
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Contributed Sessions

Vine copula based inference of multivariate event time
data

Nicole Barthel Claudia Czado Yarema Okhri

Abstract
Studying realized volatility based on high-frequency data is of particular interest in
asset pricing, portfolio management and evaluation of risk. We propose an approach
for dynamic modeling and forecasting of realized correlation matrices that allows for
model parsimony and automatically guarantees positive definiteness of the forecast.
We use the one-to-one relationship between a correlation matrix and its associated
set of partial correlations corresponding to any regular vine specification. Being
algebraically independent the partial correlations of the vine do not need to satisfy
any algebraic constraint such as positive definiteness. We present several selection
methods to choose, among the large number of vines, the vine structure best captur-
ing the characteristics of the multivariate time-series of the correlation parameters.
The individual partial correlation time-series are studied using ARFIMA and HAR
models to account for long-memory behavior. The dependence between assets is
flexibly modeled using vine copulas that allow for nonlinearity and asymmetric tail
behavior. Correlation point forecasts are obtained as nonlinear transformation of
the forecasts for the partial correlation vine. The usefulness of the methodology is
investigated in a one-day ahead forecasting framework comparing existing methods
based on a model confidence set approach.

Nicole Barthel (corresponding author), Department of Mathematics, Tech-
nische Universität München, Parkring 13, D-85748 Garching bei München,
Germany
E-mail address: nicole.barthel@tum.de

Claudia Czado, Department of Mathematics, Technische Universität München,
Parkring 13, D-85748 Garching bei München, Germany
E-mail address: cczado@ma.tum.de

Yarema Okhri, Department of Statistics, Faculty of Business and Economics,
Universität Augsburg, Universitätsstr. 2, 86159 Augsburg, Germany
E-mail address: yarema.okhrin@wiwi.uni-augsburg.de
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Semiparametric Copula Quantile Regression for
Complete or Censored Data

M. De Backer A. El Ghouch I. Van Keilegom

Abstract

When facing multivariate covariates, general semiparametric regression techniques
come at hand to propose flexible models that are unexposed to the curse of di-
mensionality. In this work a semiparametric copula-based estimator for conditional
quantiles is investigated for complete or right-censored data. In spirit, the method-
ology is extending the recent literature on copula-based regression models, as the
main idea consists in appropriately defining the quantile regression in terms of a
multivariate copula and marginal distributions, hereby making use of the advan-
tages of copulas in dependence modelling. In addition, and contrary to the initial
suggestion in the literature, a semiparametric estimation scheme for the multivari-
ate copula density is studied, motivated by the possible shortcomings of a purely
parametric approach and driven by the regression context. The resulting quantile
regression estimator has the valuable property of being automatically monotonic
across quantile levels, and asymptotic normality for both complete and censored
data is obtained under classical regularity conditions. Finally, numerical examples
as well as a real data application are used to illustrate the validity and finite sample
performance of the proposed procedure.

Mickaël De Backer (corresponding author), Université Catholique de Lou-
vain, Voie du Roman Pays 20, B-1348 Louvain-la-Neuve (Belgium)
E-mail address: mickael.debacker@uclouvain.ac.be

Anouar El Ghouch, Université Catholique de Louvain, Voie du Roman Pays
20, B-1348 Louvain-la-Neuve (Belgium)
E-mail address: anouar.elghouch@uclouvain.be
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A method to construct radially symmetric trivariate
copulas

José De Jesús Arias Garćıa Hans De Meyer Bernard De Baets

Abstract
We recall the concept of radial symmetry of a random vector, its probabilistic inter-
pretation and highlight that for continuous random vectors, the property of radial
symmetry can be fully characterized by the marginal distributions of the random
variables and the copula associated to their joint distribution function. Additionally,
we show that the n-dimensional extension of the Frank 2-copula, which is obtained
by applying the associativity property of Archimedean 2-copulas, is no longer ra-
dially symmetric for n ≥ 3, showing that jointly requiring associativity and radial
symmetry is too restrictive in higher dimensions.
In order to extend the number of radially symmetric 3-copulas in literature, we
propose a method to construct a 3-dimensional symmetric function that is radially
symmetric, using two symmetric 2-copulas, with one of them being also radially
symmetric. We study the properties of our construction method for some families
of copulas, and provide several examples in which our construction method yields a
3-copula. Finally, we discuss a possible generalization of our construction method
for dimensions n ≥ 4.

José De Jesús Arias Garćıa (corresponding author), KERMIT, Department of
Mathematical Modelling, Statistics and Bioinformatics, Ghent University,
Gent, Belgium
E-mail address: {josedejesus.ariasgarcia,hans.demeyer,bernard.debaets} @ugent.be

Hans De Meyer, Department of Applied Mathematics, Computer Science and
Statistics, Ghent University, Gent, Belgium
E-mail address: {josedejesus.ariasgarcia,hans.demeyer,bernard.debaets} @ugent.be
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Copula–induced Measures of Concordance
Sebastian Fuchs

Abstract
We study a group of transformations mapping the collection of all copulas (of fixed
but arbitrary dimension) into itself. These transformations may be used to con-
struct new copulas from a given one or to prove that certain real functions on the
unit cube are indeed copulas.
Applying this group, we then propose a concise definition of a measure of concor-
dance for copulas. This definition, in which the axioms are formulated in terms of
two particular subgroups of the group, provides an easy access to the investigation
of invariance properties of a measure of concordance. In particular, it turns out that
for copulas which are invariant under a certain subgroup the value of every measure
of concordance is equal to zero.
In addition, we discuss a class of measures of concordance in which every element
is defined as the expectation with respect to the probability measure induced by
a fixed copula having an invariance property with respect to two subgroups of the
group. This class is rich and includes the well–known examples Spearman’s rho and
Gini’s gamma.

Sebastian Fuchs (corresponding author), Versicherungsmathematik, Technis-
che Universität Dresden, 01062 Dresden, Germany
E-mail address: sebastian.fuchs1@tu-dresden.de
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Curved splicing of copulas
Tarad Jwaid Hans De Meyer Bernard De Baets

Abstract

First, we generalize the notion of symmetry (resp. opposite symmetry) of a bivariate
copula to a more general notion of symmetry of a bivariate function (on the unit
square) w.r.t. an increasing (resp. decreasing) permutation ϕ of the unit interval.
Except for the two classical cases mentioned, no bivariate copula can be symmetric in
the more general sense, and we show how to quantify this lack of symmetry. Second,
calling F (x, ϕ(x)) the ϕ-section of a bivariate function, we identify the conditions
a function g must satisfy in order to be the ϕ-section of a copula. Finally, given
two copulas F and G with the same ϕ-section, inspired by the mentioned notion of
symmetry, we provide sufficient conditions so that curved splicing (a generalization
of the splice and opposite splice construction method) yields a copula.

Tarad Jwaid, KERMIT, Department of Mathematical Modelling, Statistics
and Bioinformatics, Ghent University, Gent, Belgium
E-mail address: {tarad.jwaid,hans.demeyer,bernard.debaets}@ugent.be
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Idempotence in some standard classes of copulas
Noppadon Kamnitui Wolfgang Trutschnig

Abstract

We extend and sharpen some results concerning the notion of idempotence in some
standard classes of copulas as recently given in (1). In particular we show that in the
class of extreme-value copulas, in the class of Bernstein copulas and in some special
class of copulas represented by measure-preserving transformations only the usual
suspects are idempotent, namely Π and M . Additionally, we prove that idempotent
strict Archimedean copulas necessarily have full support.

References:
(1) A. Albanese, C. Sempi, Idempotent copulae: Ordinal sums and Archimedean

copulae. J. Math. Anal. Appl. 438(2) (2016), 1055–1065.
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nerstrasse 34, 5020 Salzburg, Austria
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Block-Maxima of Vine Copulas
Matthias Killiches Claudia Czado

Abstract
We examine the dependence structure of componentwise finite block-maxima of
multivariate distributions and provide a closed form expression for the correspond-
ing copula density. Once a copula has been specified, this allows the treatment
of block-maxima of any finite block-size. We show that the partial derivatives
appearing in the copula density of the block-maxima can be obtained by only one-
dimensional integration for three-dimensional vine copulas. We look at certain vine
copula specifications and examine how the density of the block-maxima behaves for
different block-sizes. Additionally, a real data example from hydrology is considered.
Block-maxima are used in the development of extreme-value theory for multivari-
ate normal distributions. In this context, a particular scaling of each variable as
well as the correlation matrix is necessary in order to obtain a non-trivial limiting
distribution when the block-size goes to infinity. This scaling is applied to different
three-dimensional vine copula specifications.

Matthias Killiches (corresponding author), Technical University of Munich,
Boltzmannstraße 3, 85748 Garching, Germany
E-mail address: matthias.killiches@tum.de

Claudia Czado, Technical University of Munich, Boltzmannstraße 3, 85748
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Factor Copula Models for Spatial Data
Pavel Krupskiy Raphaël Huser Marc G. Genton

Abstract
We propose a new copula model that can be used with replicated spatial data. Unlike
the multivariate normal copula, the proposed copula is based on the assumption
that a common factor exists and affects the joint dependence of all measurements
of the process. Moreover, the proposed copula can model tail dependence and tail
asymmetry. The model is parameterized in terms of a covariance function that may
be chosen from the many models proposed in the literature, such as the Matérn
model. For some choice of common factors, the joint copula density is given in
closed form and therefore likelihood estimation is very fast. In the general case,
one-dimensional numerical integration is needed to calculate the likelihood, but
estimation is still reasonably fast even with large data sets. We use simulation
studies to show the wide range of dependence structures that can be generated by
the proposed model with different choices of common factors. We apply the proposed
model to spatial temperature data and compare its performance with some popular
geostatistics models.

Pavel Krupskiy (corresponding author), King Abdullah University of Science
and Technology, Thuwal 23955-6900, Saudi Arabia
E-mail address: pavel.krupskiy@kaust.edu.sa
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Testing the simplifying assumption in
high-dimensional vine copulas

Malte S. Kurz Fabian Spanhel

Abstract
In almost all applications of vine copulas, it is assumed that the data generat-
ing process satisfies the simplifying assumption, i.e., every conditional copula in a
vine collapses to an unconditional copula. So far, tests for the simplifying assump-
tion have been limited to three-dimensional vine copulas. Testing the simplifying
assumption in high-dimensional vine copulas is a difficult task, because tests are
based on estimated data and amount to checking constraints on high-dimensional
distributions. We propose a novel testing procedure which utilizes decision trees to
mitigate the curse of dimensionality by searching the possibly strongest deviation
from the simplifying assumption. The proposed test is computationally feasible for
high-dimensional (e.g., d = 50) data sets. Its finite sample performance is analyzed
in an extensive simulation study. To demonstrate the applicability of our test, we in-
vestigate whether the simplifying assumption is reasonable in practical applications.

Malte S. Kurz (corresponding author), Department of Statistics, Ludwig-
Maximilians-Universität München, Akademiestr. 1/I, 80799 Munich, Germany
E-mail address: malte.kurz@stat.uni-muenchen.de
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Bounds for the Clayton copula
Martynas Manstavičius Remigijus Leipus

Abstract

The multivariate Clayton copula (also known as Mardia–Takahashi–Clayton–Cook–
Johnson copula)

Cθ(u1, . . . , un) =
( n∑
i=1

u−θi − n+ 1
)−1/θ

+
, (u1, . . . , un) ∈ [0, 1]n,

where a+ := max{a, 0}, θ > 0 if n ≥ 3 and θ ∈ [−1, 0) ∪ (0,+∞) if n = 2, is inter-
esting as it can model various kinds of dependence, ranging from comonotonicity
in the limit as θ → ∞, independence if θ ↓ 0 (also if θ ↑ 0) and countermonotonic-
ity if θ = −1. It is well known that Cθ(u1, . . . , un) ≥ Π(u1, . . . , un) :=

∏n
i=1 ui if

θ > 0. On the other hand, Cθ(u1, u2) ≤ u1u2 if θ ∈ [−1, 0). We provide two new
upper bounds on Cθ(u1, . . . , un) if θ > 0 and a lower bound in the case θ ∈ [−1, 0).
The obtained bounds have an attractive probabilistic interpretation related to the
modelling of some negative dependence structures.
To be more explicit, for a vector x = (x1, . . . , xn) ∈ Rn, n ≥ 2, let x(1) ≤ · · · ≤ x(n)
be the components of x in increasing order. We have

Theorem 1. Let θ > 0. Then for any (u1, . . . , un) ∈ [0, 1]n, n ≥ 2,
(i) Cθ(u1, . . . , un) ≤ θ(1− u(1) − u(2)) + (1 + θ)u(1)u(2);
(ii) Cθ(u1, . . . , un) ≤ Π(u1, . . . , un) exp{θ ln u(1) ln u(2)}.

In the case θ ∈ [−1, 0) and n = 2, we have

Theorem 2. For any θ ∈ [−1, 0),

Cθ(u1, u2) ≥ θ(1− u1 − u2) + (1 + θ)u1u2, (u1, u2) ∈ [0, 1]2.

Martynas Manstavičius (corresponding author), Vilnius University Faculty
of Mathematics and Informatics, Naugarduko 24, LT-03225, Vilnius, Lithuania
E-mail address: martynas.manstavicius@mif.vu.lt
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Distributions with fixed marginals maximizing the
mass of the endograph and the graph of a function

Thomas Mroz

Abstract

For given distribution functions F,G we consider the problem of maximizing the
probability of the event X ≤ Y within the class of all two-dimensional distribution
functions having F and G as marginals. Translating to the copula setting, we not
only solve the much more general problem of finding supA∈C µA(Γ≤(T )), where C
is the family of all two-dimensional copulas and Γ≤(T ) is the endograph of some
measurable (and not necessarily non-decreasing) function T : [0, 1]→ [0, 1], but also
prove the existence of a copula AT such that µAT

(Γ≤(T )) = supA∈C µA(Γ≤(T )) and
show how to construct it. Furthermore, we look at the closely related problem of
determining supA∈C µA(Γ(T )), where Γ(T ) is the graph of some measurable function
T : [0, 1] → [0, 1] and give a characterization of all measurable functions T : [0, 1] →
[0, 1] for which supA∈C µA(Γ(T )) = supA∈C µA(Γ≤(T )).

Thomas Mroz,Department of Mathematics, University of Salzburg, Hell-
brunner Strasse 34, 5020 Salzburg, Austria
E-mail address: thomasmroz@a1.net
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Representing sparse Gaussian DAGs as sparse R-vines
allowing for non-Gaussian dependence

Dominik Müller Claudia Czado

Abstract
Modelling dependence in high dimensional systems has become an increasingly im-
portant topic. Most approaches rely on the assumption of a joint Gaussian dis-
tribution such as statistical models on directed acyclic graphs (DAGs). They are
based on modelling conditional independencies and are scalable to high dimensions.
In contrast, vine copula based models can accommodate more elaborate features
like tail dependence and asymmetry. This flexibility comes however at the cost of
exponentially increasing complexity for model selection and estimation. We show
a connection between these two model classes by giving a novel representation of
DAG models in terms of sparse vine models. Therefore we can exploit the fast
model selection and estimation of sparse DAGs while allowing for non-Gaussian de-
pendence in the vine models. We demonstrate for a high dimensional data set that
this approach outperforms standard methods for vine structure estimation.

Dominik Müller (corresponding author), Technische Universität München,
Parkring 13, D-85748 Garching, Germany
E-mail address: dominik.mueller@ma.tum.de
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Using Mixture of Vine Copulas for Clustering
Marta Nai Ruscone

Abstract
Finite mixtures are often used to perform model based clustering of multivariate
datasets. In real life applications data may exhibit complex nonlinear form of depen-
dence among the variables. Moreover, the individual variables (margins) may follow
different distribution families. Nevertheless, most of the existing mixture models
are unable to accommodate these two aspects of the data, so, in order to reveal
and fully understand the complex and hidden dependence patterns in multivariate
data, we propose a mixture model of multivariate densities having D-vine represen-
tations. This model de-couples the margins and their dependence structure, making
it possible to describe the margins by using different distribution families, including
non-Gaussian ones. Again, many possible dependence structures can be studied us-
ing different copulas. Parameter estimates from simulated and real datasets finally
show the suitability of the proposed procedure.

Marta Nai Ruscone, Università Cattolica del Sacro Cuore, Dipartimento di
Statistica, Largo Gemelli 1, 20123 Milano, Italy
E-mail address: marta.nairuscone@unicatt.it
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Return level estimators based on Extreme Value
Theory

Fatima Palacios-Rodŕıguez Elena Di Bernardino

Abstract
We consider a risk vector X = (X1, . . . , Xd) with associated multivariate critical
layer at level α ∈ (0, 1) denoted as ∂L(α). Let Ti := [Xi |X ∈ ∂L(α)] be a con-
ditional random variable for a fixed α. The proposal of this work is to provide a
nonparametric estimator for the return level xipn

of Ti when pn → 0, as the sample
size n → +∞, by using Extreme Value Theory (EVT). In order to achieve this
goal, we develop an extrapolation technique by assuming an Archimedean copula
as dependence structure for X and the von Mises condition for marginal Xi. The
main result is the Central Limit Theorem of our estimator for p = pn → 0, as n
tends towards infinity. In addition, the performance of the proposed estimator is
evaluated on simulated data. Finally, we apply our estimator for a real rainfall
dataset.

Fatima Palacios-Rodŕıguez (corresponding author), Universidad de Sevilla,
Departamento de Estad́ıstica e Investigación Operativa, Calle Tarfia sin
número, 41012 Sevilla, Spain
E-mail address: fpalacios2@us.es

Elena Di Bernardino, CNAM, Département IMATH, Laboratoire Cédric EA4629,
292 Rue Saint-Martin, Paris 75003, France
E-mail address: elena.di bernardino@cnam.fr
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Graphical Copula tools for detecting tail dependence
Roberta Pappadà

Abstract
In the analysis of many phenomena (for instance, in finance and environmental
sciences), a crucial task is the study of the joint behavior of the involved random
variables, especially when dealing with tail-dependent risks. Due to their ability
to capture complex dependencies, copulas are largely used in applied sciences and
several tools are available for the selection of a suitable parametric model. However,
there is still need for investigation of tools for the evaluation and selection of alter-
native copula models. A copula-based graphical tool which allows us to visualize
the fit of a whole collection of multivariate copulas at once will be presented. It will
be illustrated how such tool can be used to shed light on the problem of classifying
copulas according to some desirable characteristics of practical relevance, especially
when tail dependence properties are of primary interest. The proposed tool can be
used in the first step of model building, since it allows comparison of a large number
of possible parametric families and provides valuable indications for the choice of a
suitable copula model.

Roberta Pappadà, Department of Economics, Business, Mathematics and Statis-
tics, University of Trieste, Via Tigor 22, 34124 Trieste, Italy
E-mail address: rpappada@units.it
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On Copulas and Order Statistics
Sebastian Fuchs Klaus D. Schmidt

Abstract

For a random vector X = (X1, . . . , Xn) with an arbitrary distribution function F
and univariate marginal distributions functions F1, . . . , Fn, we consider the problem
of how to transform a copula representation

F (x) = C(F1(x1), . . . , Fn(xn))

of F into a copula representation

F:n(x) = C:n(F1:n(x1), . . . , Fn:n(xn))

of the distribution function of the order statistic X:n = (X1:n, . . . , Xn:n) of X. Ex-
tending results of Navarro and Spizzichino [2010] by dropping their assumption that
F1, . . . , Fn are continuous, we provide two general principles for the construction of
a copula C:n representing F:n. In the case F1 = . . . = Fn and for certain copulas C
we obtain an explicit formula for C:n. To complete the discussion, we also present
formulae for the distribution functions F1:n, . . . , Fn:n.

Klaus D. Schmidt (corresponding author), Versicherungsmathematik, Tech-
nische Universität Dresden, 01062 Dresden, Germany
E-mail address: klaus.d.schmidt@tu-dresden.de
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The region determined by Kendall’s tau and
Spearman’s rho

Manuela Schreyer Roland Paulin Wolfgang Trutschnig

Abstract

Kendall’s τ and Spearman’s ρ are, without doubt, the two most famous nonpara-
metric measures of association/concordance. Given random variables X,Y with
continuous distribution functions F and G respectively, Spearman’s ρ is defined
as the Pearson correlation coefficient of the U(0, 1)-distributed random variables
U := F ◦ X and V := G ◦ Y , whereas Kendall’s τ is given by the probability of
concordance minus the probability of discordance.
It is well known and straightforward to verify (Nelsen, 2007) that, Kendall’s tau
τ(X,Y ) and Spearman’s rho ρ(X,Y ) only depend on the underlying (uniquely de-
termined) copula A of (X,Y ). Considering that τ and ρ quantify different aspects
of the underlying dependence structure (Fredricks and Nelsen, 2007) a very natural
question is how much they can differ, i.e. if τ(X,Y ) is known which values may
ρ(X,Y ) assume and vice versa. The classical τ -ρ region Ω0 goes back to the well-
known universal inequalities between τ and ρ by Daniels (1950) and Durbin and
Stuart (1951) respectively. Daniels’ inequality is known to be sharp (Nelsen, 2007)
whereas Durbin and Stuarts’ inequality is only known to be sharp at some special
points. Although both inequalities are known since the 1950s and the interrelation
between τ and ρ has received much attention also in recent years (see Fredricks and
Nelsen (2007)), the exact τ -ρ region Ω = {(τ(A), ρ(A)) : A ∈ C} is still unknown
(C denoting the family of all two-dimensional copulas).
Using properties of shuffles of copulas and tools from combinatorics we solved the
sixty year old question about the exact τ -ρ region Ω. In particular, we proved
that the inequality established by Durbin and Stuart in 1951 is not sharp outside a
countable set, give a simple analytic characterization of Ω in terms of a continuous,
strictly increasing piecewise concave function, and show that Ω is compact and
simply connected but not convex.
The results also imply the surprising fact that for each point (x, y) ∈ Ω there exist
mutually completely dependent random variablesX,Y for which (τ(X,Y ), ρ(X,Y )) =
(x, y) holds.

Manuela Schreyer (corresponding author), Department of Mathematics, Uni-
versity of Salzburg, Hellbrunnerstrasse 34, A-5020 Salzburg, Austria
E-mail address: manuelalarissa.schreyer@sbg.ac.at

Roland Paulin, Department of Mathematics, University of Salzburg, Hell-
brunnerstrasse 34, A-5020 Salzburg, Austria
E-mail address: Roland.Paulin@sbg.ac.at

Wolfgang Trutschnig, Department of Mathematics, University of Salzburg,
Hellbrunnerstrasse 34, A-5020 Salzburg, Austria
E-mail address: Wolfgang.Trutschnig@sbg.ac.at
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Modeling the serial dependence of financial returns
with copulas
Fabian Spanhel

Abstract

We investigate to what extent stylized facts of financial returns, such as the mar-
tingale difference property, volatility clustering and the leverage effect, can be char-
acterized in terms of copulas. We derive sufficient and necessary conditions for a
conditionally symmetric martingale difference sequence in terms of copulas. These
conditions reveal that the only possible martingale difference sequence that can be
generated by commonly used copula families is a sequence of independent random
variables. We then focus on the construction of copula-based first-order Markov
processes that exhibit volatility clustering. For this purpose, we introduce two de-
pendence properties that are sufficient for a positive correlation between squared
(or absolute) symmetric random variables or an increasing transition variance in the
absolute value of one conditioning variable. Moreover, several construction meth-
ods of copulas with the desired dependence properties are presented and compared.
Finally, we explore the construction of higher-order Markov processes that exhibit
volatility clustering. An application of the copula-based time series models to the
returns of three major stock indices and one currency exchange rate documents the
competitiveness with established GARCH models.

Fabian Spanhel, Department of Statistics, Ludwig-Maximilians-Universität
München, Akademiestr. 1/I, 80799 Munich, Germany
E-mail address: spanhel@stat.uni-muenchen.de
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Implicit Dependence Copulas
Songkiat Sumetkijakan

Abstract

A copula of continuous random variables X and Y is called an implicit dependence
copula if there exist functions α and β such that α(X) = β(Y ) almost surely, which
is equivalent to C being factorizable as the ∗-product of a left invertible copula
and a right invertible copula. Every implicit dependence copula is supported on
the graph of f(x) = g(y) for some measure-preserving functions f and g but the
converse is not true in general.
We give characterizations of copulas with such supports in terms of the non-atomicity
of two newly defined associated σ-algebras and in terms of their Markov operators.
As an application, we show that some copulas with fractal supports are implicit de-
pendence copulas. Their left invertible and right invertible factors are also computed
explicitly.

Songkiat Sumetkijakan (corresponding author), Department of Mathemat-
ics and Computer Science, Chulalongkorn University, Phayathai Road, Pa-
tumwan, Bangkok, Thailand
E-mail address: songkiat.s@chula.ac.th
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The Empirical Beta Copula
Johan Segers Masaaki Sibuya Hideatsu Tsukahara

Nathan Uyttendaele

Abstract
Given a sample from a multivariate distribution F , the uniform random variates
generated independently and rearranged in the order specified by the vector of
ranks look like a sample from the copula of F . This idea led us to define the
empirical beta copula, which turned out to be a particular case of the empirical
Bernstein copula. The advantage is that we do not need any smoothing parameter
and that it is extremely simple to simulate a sample from the empirical beta copula.
We give a condition for a Bernstein transformation to be a copula, by which we see
that the empirical beta copula is always a genuine copula. Furthermore, we establish
nonrestrictive assumptions under which the standard asymptotic results hold for the
empirical beta/Bernstein copula. Our Monte Carlo simulation study shows that the
empirical beta copula outperforms the empirical copula in terms of the bias and the
integrated mean squared error, and that in several cases, its performance is still
significantly better than the empirical Bernstein copula with optimal smoothing
rate.

Johan Segers, Université catholique de Louvain, Voie du Roman Pays 20, B-
1348 Louvain-la-Neuve, Belgium
E-mail address: johan.segers@uclouvain.be

Masaaki Sibuya, Keio University, 3–14–1 Hiyoshi, Kohoku-ku, Yokohama, Kana-
gawa 223-8522, Japan
E-mail address: sibuyam@1986.jukuin.keio.ac.jp

Hideatsu Tsukahara (corresponding author), Seijo University, 6–1–20 Seijo,
Setagaya-ku, Tokyo, 157-8511, Japan
E-mail address: tsukahar@seijo.ac.jp

Nathan Uyttendaele, Université catholique de Louvain, Voie du Roman Pays
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Non-Parameteric Gaussian Process Vector Valued
Time Series Models and Testing For Causality

Anna Zaremba Gareth W. Peters Tomoko Matsui

Abstract

We develop new classes of non-parameteric multivariate time-series models based
on Multi-Output Gaussian Processes. These describe relationships between a cur-
rent vector of observations and the lagged history of each marginal time series. We
encode a linear serial dependency structure through a covariance function and intro-
duce a more complex dependence structure using copulas to couple each marginal
process.
Within this class of models our primary goal is to detect causality and to study the
interplay between the causal structure and the dependence structure. To perform
the testing we consider several families of causality testing and develop compound
tests which first require estimation/calibration of the mean and covariance functions
parametrizing the non-parametric vector valued time series. Our approach allows
very general non-linear dependence and causal relationships which are not often
considered in classical parametric time-series models, including causality in higher
order information and joint extreme dependence features.
We provide a generic framework which can be applied to a variety of different prob-
lem classes and discuss a number of examples to illustrate the ideas developed.

Anna Zaremba (corresponding author), University College London, 66-72
Gower Street, London WC1E 6EA, UK
nopagebreak E-mail address: a.zaremba@cs.ucl.ac.uk

Gareth W. Peters, University College London, 1-19 Torrington Place, Lon-
don, WC1E 6BT, UK
nopagebreak E-mail address: gareth.peters@ucl.ac.uk

Tomoko Matsui, The Institute of Statistical Mathematics, 10-3 Midori-cho,
Tachikawa-shi, Tokyo 190-8562, Japan
nopagebreak E-mail address: tmatsui@ism.ac.jp
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Poster Session

Skew-type Marshall-Olkin Copula
Hugo Brango Nikolai Kolev

Abstract

We introduce a modification of the Marshall-Olkin’s (MO) bivariate exponential
distribution as follows

SX1,X2 (x1, x2) = exp {−λ1x1 − λ2x2 − λ3 max (x1, ωx2)} , (1)

for all x1, x2 ≥ 0, where SX1,X2 (x1, x2) = P (X1 > x1, X2 > x2), ω > 0 and
λi > 0, i = 1, 2, 3. The marginals in (1) are exponentially distributed with param-
eters λ1 + λ3 and λ2 + ωλ3. One can recognize that there exists a positive mass
concentrated along the line Lω : {x1 = ωx2} through the origin (0, 0) in R2

+. The
additional parameter ω in (1) can be interpreted as a skew parameter. Obviously,
the classical MO model results substituting ω = 1 in (1).

The survival copula C(u, v) corresponding to (1) is given by

C(u, v) = uv min{u−φ1 , v−φ1φ2(ω)}, (u, v) ∈ [0, 1]2 , (2)

where φ1 = λ3
λ1+λ3

and φ2(ω) = ω(λ1+λ3)
λ2+ωλ3

.

We show that the Pearson’s correlation coefficient of (1) is less than the Spearman’s
rho of the associated skew-type MO survival copula (2), regardless of parameters.
This implies that distribution (1) contradicts the Lancaster’s phenomena stating
that any nonlinear transformation of variables decreases the correlation in absolute
value.

We will discuss properties of model (1) and will demonstrate its advantage in anal-
ysis of classical data sets.

Hugo Brango (corresponding author), Department of Statistics, Sao Paulo
University, Rua do Matao 1010, 05508-090 Sao Paulo, SP, Brazil
E-mail address: habrango@hotmail.com

Nikolai Kolev, Department of Statistics, Sao Paulo University, Rua do Matao
1010, 05508-090 Sao Paulo, SP, Brazil
E-mail address: kolev.ime@gmail.com
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Archimax Copulas
Simon Chatelain

Abstract

This poster presents Archimax copulas, a generalization of both extreme-value and
Archimedean copula families. Other than its inherent flexibility, this family has in-
teresting properties. Notably, under conditions of regular variation, the maximum
and minimum domains of attraction can be established. These results motivate the
use of Archimax copulas for modeling dependence in a context of extreme values.
Moreover Archimax copulas admit an interesting stochastic representation which is
also presented. Under the same conditions of regular variation on the Archimedean
generator mentioned before as well as regularity assumptions on the Pickands de-
pendence function, we are able to show weak convergence of the empirical copula
process with respect to weighted metrics. This allows us to establish the convergence
of estimators of the Pickands dependence function around which we can construct
confidence bands. A joint estimation procedure of both functional parameters is
then proposed for the bivariate setting, followed by simulation results.

Simon Chatelain, Lyon 1 University and McGill University, Institut Camille
Jordan, 43 boulevard du 11 novembre 1918, F-69622 Villeurbanne Cedex,
France
E-mail address: chatelain@math.univ-lyon1.fr
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Modelling increased return dependence structures of
mining companies globally

Nico Katzke Nicolaas Johannes Odendaal

Abstract

Over the last few years a growing literature has highlighted the great homogeneity
between share price returns globally following the global financial risis of 2008. In
this paper we highlight the increased level of comovement between mining stocks
globally, both within and between geographically separated stock markets. This
follows as uncertainty over global economic growth precipitated a large sell-off of
commodities, causing negative revaluations of mining stocks globally. In this study
we explore the changing nature of both inter- and intra national mining company
returns since 2003, using Vine Copula techniques. These models allow for the mod-
elling of complex dependency structures that provide deep insight into the level and
changing nature of multivariate co-dependency. Our study considers the weekly
returns of mining companies from 10 stock universes across the development spec-
trum. The findings suggest that mining stock return co-dependency have increased
significantly in the last decade, which highlights the limited scope for asset man-
agers to diversify across the sector globally. This has significant implications for
stock exchanges that have large mining companies and are highly exposed to global
commodity price fluctuations, particularly as global commodity prices look to re-
main volatile in the immediate future.

Nico Katzke (corresponding author), Department of Economics, Stel- len-
bosch University, South Africa
E-mail address: nicok@fairtree.com

Nicolaas Johannes Odendaal, Department of Economics, Stellenbosch Uni-
versity, South Africa
E-mail address: hanjo.odendaal@hotmail.com
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Skew-type Bivariate
Lack of Memory Property

Nikolai Kolev Hugo Brango

Abstract

We introduce a modification of the bivariate lack of memory property (BLMP)
defined by the functional equation

SX1,X2 (x1 + ωt, x2 + t) = SX1,X2 (x1, x2)SX1,X2(ωt, t) (3)

for all x1, x2, t ≥ 0, where SX1,X2 (x1, x2) = P (X1 > x1, X2 > x2) and ω > 0. The
parameter ω in (1) can be interpreted as a parameter of skewness. One will get the
classical BLMP functional equation by letting ω = 1 in (1).

Characterizations, properties and applications of the novel bivariate memory-less
notion will be discussed. In particular, the functional equation (1) has as solutions
bivariate continuous distributions with non-exponential marginals. The skew-type
BLMP given by (1) implies restrictions on the associated marginal distributions.
Starting from pre-specified marginals we offer a procedure to build a wealth of
bivariate continuous non-negative distributions possessing a skew-type BLMP. The
methodology will be illustrated by examples.

Nikolai Kolev (corresponding author), Department of Statistics, Sao Paulo
University, Rua do Matao 1010, 05508-090 Sao Paulo, SP, Brazil
E-mail address: kolev.ime@gmail.com

Hugo Brango, Department of Statistics, Sao Paulo University, Rua do Matao
1010, 05508-090 Sao Paulo, SP, Brazil
E-mail address: habrango@hotmail.com
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Multivariate goodness of fit assessment by extension of
univariate EDF tests

Andreas Mändle

Abstract

Modeling dependence, e.g. in the context of risk management in finance and insur-
ance, involves making distributional assumptions for multivariate data. In contrast
to the classical assumption of a Gaussian distribution, it has been frequently ob-
served that in practice tails are heavy and extremes appear in clusters, indicating
tail dependence. Therefore there is often uncertainty if a specific distributional as-
sumption can actually be justified.
In the univariate case popular methods for testing the goodness of fit are the EDF
tests based on the CramÃľr-von Mises, Kolmogorov-Smirnov and Anderson-Darling
statistics, where the latter test is known especially for its strong power, when there
are deviations in the tails of a distribution. For settings, where the multivariate
goodness of fit, i.e. the goodness of fit of the marginal distributions together with
their common dependence structure, have to be jointly assessed, extensions to the
multivariate case have been suggested: These include the results on the multivariate
Kolmogorov-Smirnov test by (2), the generalized CramÃľr-von Mises test described
in (1) and the Anderson-Darling extension from (3).
To deliver a comparison of these statistics, especially in the bivariate case, results
from a simulation study will be presented, stressing the strengths and specific prop-
erties of the tests. Special attention will be given to their sensitivity regarding
deviations in mean, scale and dependence structure.

References:
(1) Sung Nok Chiu and Kwong-Ip Liu. Generalized Cramér-von Mises goodness-

of-fit tests for multivariate distributions. Computational Statistics & Data
Analysis, 53(11):3817âĂŞ 3834, 2009.

(2) Ana Justel, Daniel Peña, and Rubén Zamar. A multivariate Kolmogorov-
Smirnov test of goodness of fit. Statistics & Probability Letters, 35(3):251âĂŞ259,
October 1997.

(3) Lena Reh. Measuring Multivariate Dependence: An Analytical Approach with
Copulas. PhD thesis at Oldenburg University. Verlag Dr. Hut, 2012.

Andreas Mändle (corresponding author), Universität Oldenburg, In-
stitut für Mathematik, Ammerläder Heerstr. 114-118, 26129 Olden-
burg, Germany
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Geometry of discrete copulas for weather forecasting
Elisa Perrone Caroline Uhler

Abstract
In this work we present a geometric approach to describe families of discrete copulas
through the properties of their associated polytopes. As an example, we discuss the
polytope of ultramodular discrete copulas, i.e., discrete restrictions of ultramodu-
lar copulas. We introduce the concept of ultramodularity in the discrete setting
and characterize the polytope of ultramodular discrete copulas by its defining half-
spaces. In addition, we analyze the volume of this polytope and its vertices. Fi-
nally, we present an application of the proposed approach to weather forecasting.
In particular, we show how the limitations of empirical postprocessing methods of
numerical weather ensemble forecasts in the presence of ties can be overcome by
understanding the geometry of the space of discrete copulas.

Elisa Perrone (corresponding author), IST Austria, Kloster-neuburg, Aus-
tria
E-mail address: elisa.perrone@ist.ac.at

Caroline Uhler, IDSS / EECS Department, MIT, Cambridge, MA
E-mail address: cuhler@mit.edu
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A New Nonparametric Estimation for Bivariate
Pickands Dependence Function

Alireza Ahmadabadi Burcu Hudaverdi Ucer

Abstract

Pickands dependence function which characterizes the extreme value copulas is
widely used to model the extreme events. In this study, we propose a new non-
parametric approach to estimate Pickands dependence function by using Bernstein
copula. Pointwise estimation procedure with a visual tool is provided for investigat-
ing the extreme-value dependence structure. This new Bernstein approximation has
flexible form. For the low level of dependence and polynomial degree, the proposed
estimator has a better result. Also when the degree of dependence is increased, then
the polynomial degree should be increased for a better fit.
These new points can serve to estimate the unknown Pickands dependence function.
Kernel Regression method is used to derive an intrinsic estimator that leads to an
extremeness test by a bootstrap procedure. The performance of the estimator is
given by a simulation study. Test results mainly show that the estimator has a
better performance than the conventional estimator.

Alireza Ahmadabadi, Dokuz Eylul University, Department of Statistics, Fac-
ulty of Science, Tinaztepe Campus, 35160 Buca, Izmir, Turkiye
E-mail address: alireza.ahmadabadi@ogr.deu.edu.tr

Burcu Hudaverdi Ucer (corresponding author), Dokuz Eylul University, De-
partment of Statistics, Faculty of Science, Tinaztepe Campus, 35160 Buca,
Izmir, Turkiye
E-mail address: burcu.hudaverdi@deu.edu.tr
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Locations

Sternbräu 

Altstadthotel 
Kasererbraeu Gästehaus Scheck 

Hotel Motel One 
Salzburg-Süd 

Amadeo Hotel 
Schaffenrath 

Bus-lines

Bus stops
Amadeo Hotel Schaffenrath & Ginzkeyplatz
Hotel Motel One & Polizeidirektion
Naturwissenschaftliche Fakultät & Faistauergasse
Gästehaus Scheck & Finanzamt
Altstadthotel Kasererbräu & Justizgebäude
Sternbräu & Ferdinand-Hanusch-Platz
Schloss Mirabell & Mirabellplatz
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ćı
a

G
he

nt
U

ni
ve

rs
ity

Be
lg

iu
m

jo
se

de
je

su
s.a

ria
sg

ar
ci

a@
ug

en
t.b

e
H

an
s

D
e

M
ey

er
G

he
nt

U
ni

ve
rs

ity
Be

lg
iu

m
ha

ns
.d

em
ey

er
@

ug
en

t.b
e

El
en

a
D

iB
er

na
rd

in
o

C
N

A
M

Fr
an

ce
el

en
a.

di
be

rn
ar

di
no

@
cn

am
.fr

M
ar

ta
D

iL
as

ci
o

Fr
ee

U
ni

ve
rs

ity
of

Bo
lz

an
o-

Bo
ze

n
It

al
y

m
ar

ta
.d

ila
sc

io
@

un
ib

z.
it

Fa
br

iz
io

D
ur

an
te

Fr
ee

U
ni

ve
rs

ity
of

Bo
ze

n-
Bo

lz
an

o
It

al
y

Fa
br

iz
io

.d
ur

an
te

@
un

ib
z.

it
O

liv
ie

r
Fa

ug
er

as
U

ni
ve

rs
ity

of
To

ul
ou

se
C

ap
ito

le
Fr

an
ce

ol
iv

ie
r.f

au
ge

ra
s@

ts
e-

fr.
eu

.
Je

an
-D

av
id

Fe
rm

an
ia

n
EN

SA
E-

C
re

st
Fr

an
ce

je
an

-d
av

id
.fe

rm
an

ia
n@

en
sa

e.
fr

Se
ba

st
ia

n
Fu

ch
s

T
U

D
re

sd
en

G
er

m
an

y
se

ba
st

ia
n.

fu
ch

s1
@

tu
-d

re
sd

en
.d

e
C

hr
ist

ia
n

G
en

es
t

M
cG

ill
U

ni
ve

rs
ity

C
an

ad
a

ch
ris

tia
n.

ge
ne

st
@

m
cg

ill
.c

a
Ir

èn
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éa
l

C
an

ad
a

br
un

o.
re

m
ill

ar
d@

he
c.

ca
A

le
xa

nd
er

R
ist

ig
U

ni
ve

rs
ity

of
V

ie
nn

a
A

us
tr

ia
al

ex
an

de
r.r

ist
ig

@
un

iv
ie

.a
c.

at
D

id
ie

r
Ru

lli
èr
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