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1. Executive summary

The workshop on ecogeomorphic systems was dealing with a new, interdisciplinary science
field at the border of dryland hydrology-geomorphology and landscape ecology research.
Main focus of the workshop was the comprehension of land degradation processes in dryland
settings as a functioning of interactive biotic and abiotic processes within an ecogeomorphic
system.

Land degradation is a global problem and the areal extent of degraded land is likely to
increase in the future due to population pressure and the adverse effects of changes in the
climatic regimes of dryland regions. Desertification and land degradation pinpoint a
fundamental paradox of dryland ecosystems. On the one hand, dryland plants are,
individually, adapted to be resilient. On the other, dryland ecosystems are subject to
catastrophic changes. One of the focal discussion point of the workshop was how individually
resilient plants succumb to stress in sufficient numbers to cause ecosystem-wide sudden and
catastrophic change — as a function of both biotic and abiotic processes and their feedback
interactions.

Over the last decade, there was a tendency to study land degradation as a public policy issue
focusing on regulations in regard to land-use, land abandonment and effects of subsidies.
However, as land pressure increases, and potential effects of climate change potentially
change inherent ecosystem functioning, it becomes fundamental for a stustainable future land
management to study land degradation in a much more science-based, interdisciplinary
manner including potential feedback mechanics between ecological and geomorphological
processes. The difficulty of understanding these vegetation-environment interactions requires
major changes to the ways in which dryland environments are investigated.

The workshop evaluated approaches based on complexity theory and advanced self-organized
models for such investigations, and deals with the difficult issue of how to use existing data to
test these approaches, as well as to identify the need for new datasets. During the workshop,
the availability, need and short-coming of recently developed ecogeomorphic models were
discussed. It was agreed that ecogeomorphic models are required to understand the patchiness
of vegetation and resource islands typical for dryland settings and that advanced methods
need to be developed for analysis of complex spatio-temporal patterns in ecogeomorphic
systems, both produced by self-organizing models and apparent within environmental data
sets. If a model of desertification and land degradation is to have practical application, it must
be both quantitative (so that measurable impacts of environmental change can be identified),
grounded in knowledge of the propagation and resource requirements of particular species (so
that it may be applied at particular localities) and include a quantitative understanding of
ecogeomorphological interactions (so that feedbacks can be included within the model). No
existing model meets these requirements.

Main outcome of the workshop is the set-up of a communication basis to produce a keystone
manual that is supposed to provide the basis of future interdisciplinary research on
ecogeomorphic systems and will allow advancing analysis methods for complex spatio-



temporal patterns in ecogeomorphic systems, both produced by self-organizing models and
within environmental data sets.

2. Scientific content of the workshop

The two-day exploratory workshop enabled a multi-disciplinary discussion on current
advances in the study of dryland ecosystems. For the first time, scientists from three science
communities covering the field of landscape ecology (in specific: vegetation dynamics in
drylands), geomorphology-hydrology (soil erosion and transfer processes through water) and
mathematics (self-organisation, complexity theory) had the opportunity to discuss their
definition of land degradation, questions of corresponding spatial and temporal scales, the
importance of self-organisation and the application and availability of integrated modelling
frameworks. It was apparent that the three communities were lacking to a certain extent a
common scientific language. The multi-discipline perspectives on ecosystem functioning
were so diverse that frequently members of different communities would talk at cross
purposes during the discussions. For example, the geomorphologists were stressing the
importance of the redistribution of soil resources as a major driver of land degradation,
whereas ecologists would focus their analysis on the pattern dynamics of vegetation patches —
the importance of the linking elements of redistribution and pattern dynamics was not
considered in both perspectives. However, the multi-disciplinary discussion let to to the
identification of several important gaps in the current understanding of ecogeomorphic
systems: common definitions of degradation concepts and processes, the relevant temporal
and spatial scales and key challenges as detailed below.

Day 1:

The first day of the workshop was reserved to lectures and seminars that would introduce
current fronties in the three disciplines, i.e. current advances in land degradation and the study
of ecogeomorphic systems from the perspective of geomorphologists and ecologists and the
advances in self-organisation modelling. The seminars identified the different approaches of
modellers and field experts (approximately 50 % of the participants in each group) to quantify
and understand land degradation. To enable a coherent approach for the group’s scientific
perspective on land degradation, a mind map was created that summarised and categorised the
scientific understanding of the term. The compiled definitions of the term were as diverse as
the composition of experties amongst the participants; the following keyword definitions give
an overview:

‘Land degradation describes’:

1. Opposite of productivity / use (e.g. pushing system beyond qualitative threshold so
level of productivity is significantly lower);

2. Ecosystem service (loss of services be e.g. the reduction in carbon storage, grazing
potential, aquifer recharge etc.);

3. Change (alteration of ecological systsems which degrades the ‘expected’ natural
biodiversity);



4. Functionality (loss of functionality of any ecosystem or surface area by natural or
anthropic factors);

5. Resilience (loss of resilience / ecological adaptability / slow down response to
perturbation);

6. Human perspective (decision-making and trade-offs relative to different land uses);

7. Specific science perspective (a user-defined series of output variables: soil loss,
vegetation density, runoff/runon).

The diversity of perspectives on the analysis of land degradation and the discussed methods
for data analysis, self-organisation and model formulation during the first workshop day
clearly showed the current discrepancies in the study of drylands. Ecogeomorphic system
analysis for land degradation studies was identified as a new science field which requires
substantial development in the analysis methods of complex vegetation and resource patterns,
an interdisciplinary approach for data compilation and an integrated modelling perspective to
study degradation processes and patterns and links between them.

Day 2:

The second day of the workshop was filled with seminars and workshops on integrated
modelling and the analysis of pattern formations of dryland ecosystems. The need, scientific
rationale and requirements for ecogeomorphic models were identified for a widely-spreat
scope varing between:

1. Pure science application: comprehension of linkage between processes and pattern,
understanding vegetation structuring processes, understand the system’s self-evolution
as constrained by any given initial condition and parametric state;

2. ldentification of data gaps and limitations: how developing models can be useful to
further field observations, to infer degradation processes from data and to identify key
variables;

3. To understand and predict: to understand the structural-functional relationships of
landscape units and to be able to extrapolate this understanding to other climatic /
geograhic regions, to develop an integrated understanding of dryland environments, to
evaluate their behaviour and responses to change;

4. Only to predict: to predict the evolution of areas with a potential for degradation;

5. To manage and restore: for the optimisation of management and land-use, enable
restoration of degradation.

The group identified that currently no modelling framework exists that would be able to
address any of the listed application areas. One of the key challenges for the three disciplines
has thus been defined and postulated: the development of partly and/or fully integrated
models that couple vegetation dynamics and pattern formation procedures with process-based
hydrological transport models at spatial scales relevant for land management.



To enable the development of ecogeomorphic models, the following research fields were
identified for future research collaborations within the group:

= Advances in process understanding: understand feedbacks between abiotic and biotic
processes, identify key interactions and controls, understand hierarchical pressures for a
given landscape;

= Establishment of indicator systems: derive key parameters, identify a minimal set of
dominant processes to be measured, identify a signature of simple system characterisation;

= Merging data with model; effective uncertainty analysis, develop frameworks to link
models over temporal/spatial scales;

= Self-organisation assessment: integrate interdisciplinary feedbacks across spatio-temporal
scales;

= Assessment of the human elements of the system: communication with agricultural and
rural policy, identification of what is useful for management.

It was also established that without including the expertise and methods of the other
disciplines, neither ecologists nor geomorphologists will be able to understand and control
catastrophic feedback loops that lead to desertification. The workshop ended with a
concordant agreement that more interactive discussions between the three disciplines are
necessary before it is possible to proceed with the preparation of joint research applications.

3. Assessment of the results and future directions

The workshop brought together experts from three disciplines which normally do not meet on
conferences or science meetings: geomorphologists, ecologists and mathematians. From the
beginning of the workshop, the participants were excited to discuss the interdisciplinary field
of dryland research and to share and communicate different science perspectives on the study
of both the biotic aspects (vegetation dynamics) and the abiotic aspects (transfer of water and
soil resources) of dryland ecosystems. Most participants were suprised to see how differently
the disciplines define, analyse and interpret the same ecosystem functioning, as both
disciplines merely include their either biotic or abiotic process understanding and do not
include interacting mechanisms in both their conceptual and model descriptions of dryland
systems.

To fill the apparent gap between the disciplines, it was decided to publish a keystone manual
that provides a basis of future interdisciplinary research on ecogeomorphic systems. We have
signed a publication contract with Springer, Utrecht for a book publication with the title:
“Pattern of land-degradation in drylands - Understanding self-organised ecogeomorphic
systems”. The aim of the keystone manual is to advance methods for analysis of complex
spatio-temporal patterns in ecogeomorphic systems, both produced by self-organizing models
and apparent within environmental data sets. The content will be based on the current research
of the participants and their individual contribution to the workshop sessions.



In addition, it is planned to build up an internet platform on the current webpage of the
workshop (www.uni-potsdam.de/echo/index_esf.html) that includes a collection of current
ecogeomorphic research projects, groups and data sets to enable a continuing network
structure and information exchange for European scientists working on interdisciplinary
dryland research.

4. Final programme

Monday 7 June 2010

Afternoon Arrival Hotel Mercure, Potsdam

18.00 Presentation of the European Science Foundation (ESF)
Giuseppe Scarascia-Mugnozza (Standing Committee for Life, Earth and
Environmental Sciences (LESC)

18.20 Ice breaker and poster session

20.00 Dinner

Tuesday 8 June 2010

09.00-09.10 Welcome by Convenor
Eva Mueller, John Wainwright, Anthony Parsons

09.10-10.00 Keynote lectures on self-organised ecogeomorphic systems
1. Self-organization, pattern formation and nonlinearity
John Wainwright

2. Application of emerging patterns in the modelling of land-
degradation scenarios in dryland settings
Thorsten Wiegand

10.00-10.30 Coffee / Tea Break

10.30-12.00 Seminar I:
Current advances in land-degradation studies
Francesc Gallart, Vasilios Papanastasis, Pier Paolo Roggero

12.00-13.00 Lunch

13.00-14.30 Seminar I1:
Current advances in the analysis of ecogeomorphic systems from
the perspective of geomorphologists and ecologists
Anthony Parsons, Florian Jeltsch, Juan Bellot

14.30-15.00 Coffee / tea break

15.00-16.30 Seminar I11:
Spatial modelling and analysis of self-organisation
Rene Lefever, Stefania Scarsoglio, James Millington

16.30-18.30 Discussion
1. Definition of research frontiers
2. Definition of major problem areas
3. Synergy effects between interdisciplinary research
4. Setting up outcome of the workshop: manual, synthesis paper, internet platform

19.00 Dinner



Wednesday 9 June 2010

08.30-10.30

10.30-11.00

11.00-13.00

13.00-14.00
14.00-15.30

15.30-16.00

16.00-17.30

17.30-19.00

20.00-22.00

Workshop I: Modelling and land degradation

Computational methods and modelling tools for self-organised

ecogeomorphic systems and land degradation studies:

1. Implementation of algorithms for self-regulating systems, feedback
loops within ecogeomorphic systems

2. Nonlinear analysis methods

Tamara Hochstrasser, Concepcion Alados, Laura Turnbull

Coffee / Tea Break

Spatial analysis techniques for pattern formation
1. Pattern analysis

2. Visualisation techniques

Thorsten Wiegand

Lunch

Workshop 11: Data assimilation and pattern formations in land

degradation studies

Data assimilation and uncertainty:

1. Integration of measured data into degradation models

2. Uncertainty assessment: Quantification of uncertainty towards model
structure and/or parameterisation data

Jim Freer, Bruno Cheviron

Coffee / Tea Break

Quantification of pattern formations:

1. Land degradation patterns in different environmental settings
2. Spatial field techniques

3. Remote sensing applications

Pierre Couteron, Almo Farina, Nuria Martinez Carreras

Synthesis

Planning of following-up activities:

1. Organisation of the compilation of keystone manual on current
advances in the research on self-organized ecogeomorphic systems

2. Synthesis paper for high-profile journal

3. Set-up of a European internet platform on spatial ecogeomorphic data
and process studies

Conference dinner

Thursday 10 June 2010

Morning

Departure



5. Statistical information on participants
Total number of participants: 26

Gender structure:
6 female, 20 male

Adge structure:
11 junior scientists / post-doc (<35 a)

8 senior scientists / professors (35-50 a)
7 senior scientists / professors (> 50 a)

Country of origin:

5 scientists from Germany
3 scientists from the UK

5 scientists from Spain

1 scientist from Hungaria
1 scientist from Luxembourgh
1 scientist from Belgium
2 scientistis from France

1 scientist from Greece

2 scientists from USA

4 scientists from Italy

1 scientist from Irland

Expertise:
7 geomorphologists

5 hydrologists
5ecologists

2 agronomists

4 mathematicians
3 geographists



6. Final list of participants
Convenors:

1. Eva Nora MUELLER

Institute of Earth and Environmental
Science

University of Potsdam
Karl-Liebknecht-Str. 24-25

14476 Potsdam

Germany
eva.mueller@uni-potsdam.de

John WAINWRIGHT

Sheffield Centre for International Drylands
Research

Department of Geography

University of Sheffield

Winter Street

Sheffield S10 2TN

UK

J.Wainwright@sheffield.ac.uk

Anthony PARSONS

Sheffield Centre for International Drylands
Research

Department of Geography

University of Sheffield

Winter Street

Sheffield S10 2TN

UK

A.J.Parsons@sheffield.ac.uk

ESF Representative:

4. Giuseppe SCARASCIA-MUGNOZZA

Agricultural Research Council of Italy
(CRA)

Department of Agronomy, Forestry and
Land Use (DAF)

Via del Caravita 7/a

00186 Rome

Italy

giuseppe.scarascia@entecra.it

Participants:

5. Concepcion L. ALADOS

Pyrenean Institute of Ecology
Montafiana Ave. 177

P.O. Box 202

50080 Zaragoza

Spain

alados@ipe.csic.es

6.

10.

11.

Nicolas BARBIER

Université Libre de Bruxelles
Complexité et Dynamique des Systemes
Tropicaux

50 av. F.D. Roosevelt, CP 169

1050 Brussel

Belgium

nbarbier@ulb.ac.be

Juan BELLOT

Catedratico de Universidad

Facultad de Ciencias

Depto. Ecologia

Direccion postal: Campus San Vicente,
Apdo. 99

Universidad de Alicante

03080 Alicante

Spain

juan.bellot@ua.es

Peter BIRO

Institute of Earth and Environmental
Science

University of Potsdam
Karl-Liebknecht-Str. 24-25

14476 Potsdam

Germany
peter.biro@uni-potsdam.de

Axel BRONSTERT

Institute of Earth and Environmental
Science

University of Potsdam
Karl-Liebknecht-Str. 24-25

14476 Potsdam

Germany
axel.bronstert@uni-potsdam.de

Bruno CHEVIRON

INRA, UMR LISAH INRA-IRD-SupAgro
2 place Viala

34060 Montpellier

France

bruno.cheviron@gmail.com

Pierre COUTERON
IRD (MC)

Bd de la Lironde

TA A-51/ PS2 34398
Montpellier cedex 5
France
pierre.couteron@ird.fr




12.

13.

14.

15.

16.

17.

18.

Joan ESTRANY

Department of Earth Sciences
University of the Balearic Islands
07122 Palma de Mallorca

Spain

joan.estrany@uib.cat

Almo FARINA

Instituto di Ecologia e Biologica Ambientale
c/o Campus Scientifico Sogesta,

University of Urbino

61029 Urbino

Italy

farina@uniurb.it

Jim FREER

School of Geographical Sciences
University of Bristol

University Road

Bristol BS8 1SS

United Kingdom
jim.freer@bristol.ac.uk

Francesc GALLART
Institute of Earth Sciences
Jaume Almera (C.S.1.C.)
Solé Sabaris s/n

08028 Barcelona

Spain

fogallart@ija.csic.es

Tamara HOCHSTRASSER
School of Biology &

Environmental Science

Agriculture & Food Science Centre
University College Dublin

Belfield

Dublin 4

Ireland
tamara.hochstrasser@ucd.ie

Florian JELTSCH

Plant Ecology and Nature Conservation
Potsdam University

Maulbeeralle 2

14469 Potsdam

Germany

jeltsch@uni-potsdam.de

Peter LASZLO

Research Institute for Soil Science and
Agricultural Chemistry

Hungarian Academic of Sciences
Herman Otto u. 15

H-1022 Budapest

Hungary

laszlo@rissac.hu
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19. Rene LEFEVER
Nonlinear Physical Chemistry Unit
Service de Chimie Physique et Biologie
Théorique
Faculté des Sciences
Campus Plaine, C.P. 231
Université Libre de Bruxelles
1050 Brussels
Belgium
rlefever@ulb.ac.be
Agustin.lobo@ija.csic.es

Nuria MARTINEZ CARRERAS

Institute of Environmental Assessment and
Water Research (IDAA) CSIC

Hydrology and Erosion Group

Lluis Sole Sabaris s/n

08028 Barcelona

Spain

nuria.martinez@idaea.csic.es

20.

21. James MILLINGTON

Center for Systems Integration and
Sustainability

Department of Fisheries and Wildlife
Michigan State University

East Lansing

Michigan 48824

USA
jmil@msu.edu

Pier PAOLO ROGGERO

Dipartimento di Scienze Agronomiche e
Genetica Vegetale Agraria

Univ. degli Studi di Sassari

via E. De Nicola

07100 Sassari

Italy

pproggero@uniss.it

22.

23. Vasilios PAPANASTASIS
Faculty of Forestry and Natural
Environment

Laboratory of Range Ecology
Aristotle University

54006 Thessaloniki

Greece

v.papan@for.auth.gr

Stefania SCARSOGLIO
Politecnico di Torino
Dipartimento di Idraulica
Trasporti ed Infrastrutture Civili
University of Turin

C.so Duca degli Abruzzi, 24
10129 Torino

Italy
stefania.scarsoglio@polito.it

24.




25.

26.

Laura TURNBULL

Global Institute of Sustainability
Central Arizona - Phoenix
Long-Term Ecological Research
Arizona State University

PO Box 875402

Tempe AZ 85287

USA

Laura.Turnbull@asu.edu

Thorsten WIEGAND

Helmholtz Centre for Environmental
Research UFZ

Department of Ecological Modelling
Permoserstr. 15

04318 Leipzig

Germany
thorsten.wiegand@ufz.de
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