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IFIP was founded in 1960 under the auspices of UNESCO, following the first World
Computer Congress held in Paris the previous year. A federation for societies working
in information processing, IFIP’s aim is two-fold: to support information processing in
the countries of its members and to encourage technology transfer to developing na-
tions. As its mission statement clearly states:

IFIP is the global non-profit federation of societies of ICT professionals that aims
at achieving a worldwide professional and socially responsible development and
application of information and communication technologies.

IFIP is a non-profit-making organization, run almost solely by 2500 volunteers. It
operates through a number of technical committees and working groups, which organize
events and publications. IFIP’s events range from large international open conferences
to working conferences and local seminars.

The flagship event is the IFIP World Computer Congress, at which both invited and
contributed papers are presented. Contributed papers are rigorously refereed and the
rejection rate is high.

As with the Congress, participation in the open conferences is open to all and papers
may be invited or submitted. Again, submitted papers are stringently refereed.

The working conferences are structured differently. They are usually run by a work-
ing group and attendance is generally smaller and occasionally by invitation only. Their
purpose is to create an atmosphere conducive to innovation and development. Referee-
ing is also rigorous and papers are subjected to extensive group discussion.

Publications arising from IFIP events vary. The papers presented at the IFIP World
Computer Congress and at open conferences are published as conference proceedings,
while the results of the working conferences are often published as collections of se-
lected and edited papers.

IFIP distinguishes three types of institutional membership: Country Representative
Members, Members at Large, and Associate Members. The type of organization that
can apply for membership is a wide variety and includes national or international so-
cieties of individual computer scientists/ICT professionals, associations or federations
of such societies, government institutions/government related organizations, national or
international research institutes or consortia, universities, academies of sciences, com-
panies, national or international associations or federations of companies.

More information about this series at http://www.springer.com/series/6102



Jiti HfebiCek - Ralf Denzer
Gerald Schimak - Tomas Pitner (Eds.)

Environmental

Software Systems

Computer Science

for Environmental Protection

12th IFIP WG 5.11 International Symposium, ISESS 2017

Zadar, Croatia, May 10-12, 2017
Proceedings

@ Springer



Editors

Jifi Hrebicek Gerald Schimak
Masaryk University Austrian Institute of Technology GmbH
Brno Seibersdorf

Czech Republic Austria

Ralf Denzer Tomas Pitner
Environmental Informatics Group Masaryk University
Saarbriicken Brno

Germany Czech Republic

ISSN 1868-4238 ISSN 1868-422X  (electronic)
IFIP Advances in Information and Communication Technology

ISBN 978-3-319-89934-3 ISBN 978-3-319-89935-0  (eBook)

https://doi.org/10.1007/978-3-319-89935-0
Library of Congress Control Number: 2018940156

© IFIP International Federation for Information Processing 2017

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, express or implied, with respect to the material contained herein or for any errors or
omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Photograph on p. V: The photograph of Jifi Hiebicek is used with permission of his family.
Printed on acid-free paper
This Springer imprint is published by the registered company Springer International Publishing AG

part of Springer Nature
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland



Jifi Hiebicek (1947-2017)



In Memory of Jiri Hrebi¢ek

by Tomas Pitner

Our dear colleague and friend, IFIP 5.11 member, co-author, and co-editor of ISESS
proceedings, Prof. Dr. Jifi Hfebicek, PhD, passed away in autumn 2017. The following
words and the 2017 proceedings of ISESS are dedicated to this exceptional colleague.

Jifi Hiebicek was a senior researcher and director at the Institute of Biostatistics and
Analyses of Masaryk University. He was a professor at the Faculty of Science and
Faculty of Informatics. He held an MSc in mathematics and informatics (1970) and a
PhD in applied and numerical mathematics (1982). Since 1990, he had been working in
the research of environmental informatics and modelling, computational science, and
waste management.

In the mid-1990s, he became involved in the building of the newly established
Faculty of Informatics under the leadership of Dean ZlatuSka. He started to educate a
new generation of experts in environmental informatics here. He established the
Summer School of applied informatics, lasting two decades, which became an excellent
working platform for joint meetings with colleagues from Masaryk and Mendel
universities, Brno University of Technology, Ostrava University of Technology, and in
recent years also numerous foreign guests.

His later career was tightly connected with the Institute of Biostatistics and Analyses
and the Center for Research on Toxic Substances in the Environment, where he focused
on eEnvironment services. He participated in numerous international projects, such as
the FP6 Network of Excellence DEMO-net, eParticipation project FEED and FP7
projects ICT-ENSURE and TaToo. He had been the national representative of the
Czech Republic at EIONET since 1996. The highlight of his career was the recurring
appointment to the Scientific Advisory Board of the European Environmental Agency
in Copenhagen in 2013.

Prof. Hrebicek authored more than 350 scientific publications. He wrote 17 books
and one of them was translated into Portuguese, Chinese, and Russian.

He was an active member of the International Federation of Information Processing
(IFIP) and secretary of WG 5.11 “Computer for Environment” of IFIP, member of the
International Environmental Modelling and Software Society IEMSS) and iEMSS
board, the International Envirometrics Society (TIES), member of the Association and
Mathematics of America, chairman of international conferences Envirolnfo 2005,
ISESS 2007, 2011, vice-chairman of ISESS 2013, and held the Czech Presidency for
the European conference Towards eEnvironment in 2009.

We miss him dearly.



Preface

The International Symposium on Environmental Software Systems (ISESS) is one of
several overlapping forums discussing issues of environmental information and deci-
sion support systems.

ISESS was founded by Ralf Denzer and Gerald Schimak in 1995, with support from
the German Informatics Society Working Group 4.6 “Computer Science for
Environmental Protection,” the International Federation for Information Processing
(IFIP) Working Group 5.11 “Computers and Environment,” and our friend David Russell
at the Pennsylvania State University (PSU) campus in Malvern, PA. The first symposium
received great support from PSU and turned out to be one of many success stories.

Since then, the symposium has been held in the following countries: the USA,
Canada, Austria, New Zealand, Switzerland, Portugal, the Czech Republic, Italy, and
Australia; over several years, joint sessions were held in conjunction with the biennial
meeting of iEMSs (International Environmental Modelling and Software Society).
ISESS has been an IFIP event since 1995 and is organized by WG 5.11.

Since its establishment, WG 5.11 has been led by Giorgio Guariso (1991-1999), Ralf
Denzer (1999-2005), Dave Swayne (2005-2011), and Gerald Schimak (2011-2017).
Since this conference was initiated, it has been in the hands of Ioannis Athanasiadis.
Several individuals have served as vice-chairs and secretaries and many members of the
WG have been active supporters for a long time without holding an official position.

For more than two decades, ISESS has brought together researchers dealing with
environmental information challenges trying to provide solutions using
forward-looking and leading-edge IT technology.

The 30-year anniversary of the EnviroInfo conference series (also called “Computer
Science for Environmental Protection” at the beginning) was in 2017. To mark this
occasion, we chose the subtitle “Computer Science for Environmental Protection.”

During the past 20 years we have seen the publisher of IFIP change several times
and electronic publishing has become the most important medium for scientific pub-
lications. ISESS has followed this transition and therefore there is no single place
where all ISESS proceedings can be accessed.

The first and second proceedings (ISESS 1995, ISESS 1997) were published by
IFIP publisher Chapman & Hall:

e R. Denzer, D. Russell, G. Schimak (eds.), Environmental Software Systems,
Chapman & Hall, 1996, ISBN 0 412 73730 2 (print)

e R. Denzer, D. A. Swayne, G. Schimak (eds.), Environmental Software Systems
Vol. 2, Chapman & Hall, 1998, ISBN 0 412 81740 3 (print)

Then IFIP changed publisher and the third proceedings (ISESS 1999) were pub-
lished by IFIP publisher Kluwer Academic Press:
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e R. Denzer, D. A. Swayne, M. Purvis, G. Schimak (eds.), Environmental Software
Systems Vol. 3 — Environmental Information and Environmental Decision Sup-
port, Kluwer Academic Publishers, 2000, ISBN 0 7923 7832 6 (print)

As print publications were becoming increasingly difficult (particularly their cost for
smaller conferences), the fourth and fifth proceedings (ISESS 2001, ISESS 2003) were
published by the organizers of the symposium under IFIP ISBN:

e D. A. Swayne, R. Denzer, G. Schimak (eds.), Environmental Software Systems
Vol. 4 — Environmental Information and Indicators, International Federation for
Information Processing, 2001, ISBN 3 901882 14 6 (print)

e G. Schimak, D. A. Swayne, N.T. Quinn, R. Denzer (eds.), Environmental Software
Systems Vol. 5 — Environmental Knowledge and Information Systems, Interna-
tional Federation for Information Processing, 2003, ISBN 3 901882 16 2 (print)

The sixth and seventh proceedings (ISESS 2005, ISESS 2007) were published, but
this time as electronic versions, under IFIP ISBN:

e D. A. Swayne, T. Jakeman (eds.), Environmental Software Systems,
Vol. 6 — Environmental Risk Assessment Systems, International Federation for
Information Processing, 2005, ISBN 3-901882-21-9 (CDROM)

e D. A. Swayne, J. Hriebicek (eds.), Environmental Software Systems,
Vol. 7 — Dimensions of Environmental Informatics, International Federation for
Information Processing, 2007, ISBN 978-3-901882-22-7 (USB)

The eighth proceedings (ISESS 2009) were again published electronically, but not
under IFIP ISBN:

e D. A. Swayne, R. Soncini-Sessa (eds.), Environmental Software Systems, Vol. 8,
2009, University of Guelph, ISBN 978-3-901882-364 (USB)

Today, Springer is the official IFIP publisher and ISESS is published by Springer in
the IFIP Advances in Information and Communication Technology (AICT) series'.

Proceedings number nine and ten were published as follows:

e J. Hiebicek, G. Schimak, R. Denzer (eds.), Environmental Software Systems,
Vol. 9 — Frameworks of eEnvrionment, IFIP AICT 359, 2011; ISBN
978-3-642-22285-6 (eBook), ISBN 978-3-642-22284-9 (hard cover), ISBN
978-3-642-26878-6 (soft cover)

e J. Hiebicek, G. Schimak, M. Kubasek, A.E. Rizzoli (eds.), Environmental Software
Systems, Vol. 10 — Fostering Information Sharing, IFIP AICT 413, 2013; ISBN
978-3-642-41151-9 (eBook); ISBN 978-3-642-41150-2 (hard cover)

e Denzer, R., Argent, R.M., Schimak, G., Hfebicek, J. (Eds.), Environmental Soft-
ware Systems. Infrastructures, Services and Applications, IFIP AICT 448, ISBN
978-3-319-15994-2 (eBook), ISBN 978-3-319-15994-2 (hard cover)

! http://www.springer.com/series/6102.



Preface XI

Today Springer also has the rights of the early Kluwer and Chapman & Hall books
(ISESS 1995, ISESS 1997, ISESS 1999), as Kluwer merged with Springer in 2004 and
Chapman & Hall had been bought by Kluwer in 1997. Therefore, all proceedings that
were published by a publishing house are in one place today and can be accessed
through Springer. They are available as hard cover and/or soft cover, as eBooks and
(most of them) as individual articles.

The proceedings which were self-published under the copyright of IFIP have been
made available since 2015 at www.enviromatics.org by Ralf Denzer. Particular ISESS
sessions at IEMSS are available through the IEMSS website”. The 2015 proceedings
contain an overview article that gives a complete history of what ISESS has contributed
to the research community in the past 22 years".

The ISESS conferences have always had a high standard of peer reviewing.
For ISESS 2017, we summarize the reviewing process here:

As in 2015, we used extended abstracts of 3 to 4 pages, a strategy which we had
applied in many early conferences but not in recent years. This year we only received
46 abstracts but they were, compared with 2015, of much higher initial quality. Log-
ically, most of these abstracts made it into final papers, and therefore the rejection rate
was only around 10%. Each extended abstract was assigned for review by three
independent reviewers in the first stage. For stage 2, the review of the full papers, two
independent reviewers were assigned to each full paper, and in many cases at least one
individual was a different person than the reviewers in the first stage, which means that
many papers had a total of at least three reviewers.

January 2018 Ralf Denzer
Gerald Schimak
Tomas Pitner

2 WWW.iemss.org.

* See: Ralf Denzer, Topics in Environmental Software Systems, ISESS 2015.
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