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Interdisciplinary Research on «Global Environmental Change»
at the Department of Geosciences/Geography of the

University of Fribourg

Martin Beniston, Claude Collet, Thomas Hammer,
Walter Leimgruber, Michel Monbaron, Jean Ruegg,
Fribourg

1 Introduction

Global environmental change can be defined as a
series of stress factors on the physical and biological
systems of the planet. The Earth’s environment is con-
tinuously subjected to various stresses through natural
processes and human interference. Global change is
not a new concept, but with the rapid industrialization
and population growth that the 20" century has wit-
nessed worldwide, the natural environment has under-
gone unprecedented changes. In some instances, envi-
ronmental degradation is inevitable because of the
basic requirements of human populations, particularly
where those are growing rapidly; in other cases, envi-
ronmental damage is a direct result of mismanage-
ment and over-exploitation of natural resources. The
consequences of such degradation are sometimes not
recognized or are often ignored because of the per-
ceived higher benefits of economic gain.

Whether the global environment is capable of with-
standing natural and anthropogenic stresses is a matter
of constant debate. In some instances, the environment
has — at least on local to regional scales — been able
to revert to its previous levels. Examples of such resil-
ience abound: the acidity of lakes in Northern Ontario,
Canada, reverted to their natural levels following sig-
nificant abatement of sulfur-based pollution from a
major smelting plant. In other instances, environmen-
tal damage appears to be irreversible, such as the large
perimeter of contaminated lands following the 1986
nuclear accident in Tchernobyl, Ukraine, or the defor-
estation of pristine jungles in many tropical regions.
Examples of irreversible degradation have provided
arguments to those who believe that environmental
impacts are cumulative and difficult to reverse. A third
paradigm is that there are certain beneficial effects of
stresses on the environment, namely that ecosystems
become resilient and can therefore withstand further
and possibly greater stresses in the future. Forest fires,
for example, are not solely a devastating phenomenon:
they also return essential nutrients to the soil, allowing
vigorous regeneration to occur. Indeed, some environ-
ments can maintain themselves in the long term only
through fire.

All these paradigms are based on the assumption that
the time scales associated with environmental change
are long and that, in many situations, the environment
may find a new equilibrium, if not its original state.
Environmental upheavals have occurred in the past,
along with species extinction, and yet the planet has
«survived» and evolution has continued. However, it is
possible that anthropogenic pressures are accelerating
change and that many systems may not adapt to rapid
rates of change, even if they could adapt to the ampli-
tude of change over longer time periods.

Under the heading of global environmental change,
one can list the following contributing factors, many of
which are essentially human-induced:

e Air pollution and ozone depletion
¢ Climatic change

» Land degradation

¢ Deforestation

¢ Desertification

e Loss of biodiversity

» Fresh water shortage

¢ Hazardous wastes

e War

¢ Poverty.

There are two governing causal mechanisms that,
broadly speaking, account for human interference on
the natural environment, namely economic growth and
demography. The economic level of a country deter-
mines to a large extent its resource requirements, in
particular energy, industrial commodities, agricultural
products and fresh water supply. Demography, on the
other hand, is a critical factor in the sharing of the
resources available to a particular country or set of
countries.

High economic levels are resource-intensive, and this
frequently leads to environmental degradation because
of the resources required to maintain a high standard
of living. Energy use per capita in the United States
is 350 times greater than in Ethiopia or Rwanda,
for example. Technology is today still energy-inten-
sive, particularly in the transportation sector where
fuel demand for road and air transportation continues
to grow rapidly. Technology as used in the industrial-
ized countries, along with the image of «western life-
styles» is often replacing traditional consumption and
resource-use patterns in the developing world, even
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though traditional methods are often better adapted
to local conditions. As a consequence, environmental
concerns become a very low priority as economic sur-
vival becomes the dominant objective.

High population growth, on the other hand, can also
lead to environmental damage as the inhabitants of
poor countries attempt to maintain or improve their
current economic level through the exploitation of
their resources often without any long-term planning
or management. While in most of the industrialized
world, population growth is low (often less than 1%),
in some developing countries, demography is such that
economic levels are dwindling. Kenya, for example,
has a rate of population growth of around 4.3% per
annum, which implies that if this is sustained, its pop-
ulation will double within a time-frame of 17 years.
In order to simply maintain present economic levels,
Kenya would need to double its existing infrastructure
(energy supply, housing, schools, hospitals) and food
and water supply within this very short time-frame.
Such pressing demands on an already depressed econ-
omy represent a challenge that the most affluent coun-
tries would not be able to meet. The general lowering
of a population’s standard of living means that eco-
nomic survival takes place at the expense of environ-
mental protection, management and planning.

The current trends of globalization of economic mar-
kets and highly liberalized economies are not always
compatible with environmental concerns. Present-day
economic policies are often short-term (from a few
days to a few months), whereas environmental man-
agement is by essence long-term (several years to sev-
eral decades). Environmental protection is sometimes
perceived to be contrary to free trade;indeed, attempts
to slow down and possibly reverse tropical deforest-
ation are considered in some circles to be contraven-
ing the World Trade Organization (WTO) accords on
free trade. In the context of economic recession as
experienced in many industrialized countries in the
1990s, environmental protection is sometimes seen as
a menace to job security. However, environmental
assessments leading to protection and reclaiming has
also led, in many instances, to new opportunities for
economies and employment.

Because many actors in the economic and industrial
arena tend to believe that the natural environment has
no intrinsic value, there is often little incentive towards
environmental protection or management, since the
environment is perceived as an unlimited resource to
be utilized in order to sustain economic growth. In
the United States, there is increasing pressure from
industrial lobbies for access to resources in some of
the National Monuments and National Parks. There
is the fear by environmentalists that allowing even

limited rights for mining and oil prospection in pro-
tected areas such as Death Valley National Park (Cali-
fornia), or in the more recent parks of Alaska, could
set a precedent whereby the protection of these parks
would become meaningless at some point in the future.
Exploitation of raw materials by major manufacturing
firms is a direct threat to indigenous people in differ-
ent parts of the world; it is estimated that about 300
million people live in regions which account for about
60% of the world’s natural resources.

Globalization is leading to a real or perceived trend
of weakening of policy-making at the national level.
Because major economic and financial decisions are
taken outside a purely national framework, the ability
of politicians to respond to such decisions is reduced.
Politics, which up till recently was the driving force
behind the nation-state, is today increasingly involved
in economic management. So powerful is the wave
of globalization that most policymakers are more
concerned with economic affairs than environmental
issues. They also are sensitive to shifts in the priorities
of the general public, which is today more preoccu-
pied by economic conditions than by the environ-
ment. In the industrialized countries, unemployment,
crime, health insurance are all considered more press-
ing issues than those pertaining to environmental mat-
ters. In the developing world, food security and access
to basic commodities and health are perceived as being
far more urgent issues than a healthy environment.

Whatever the perception, it is highly likely that global
environmental change will lead to lasting degradation
and damage. This will in turn reduce the capacity
of human societies to maintain their lifestyles at cur-
rent levels, in particular because the driving forces
of global economy may no longer be able to use the
resources which the environment provides in a sus-
tained manner. Regional disparities between rich and
poor, which have always existed, will be exacerbated
in a degraded environment. Issues related to global
change highlight the general difficulty of society to
use the limited resources of the planet in a rational
manner, and to share equitably the essential commodi-
ties that the environment provides.

It is against this background of complex and subtle
linkages between social, economic, physical and bio-
logical systems that the Geography Unit of the Depart-
ment of Geosciences at the University of Fribourg has,
over the last few years, addressed the challenges of the
21* century, through an institutional interdisciplinarity
that involves physical geography, human geography,
and geomatics.

The different geographical domains represented in Fri-
bourg will be briefly expanded upon below.
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Fig. 1: The Lona glacier/rock glacier complex in the Valais Alps

Explanation: The snout of the formation consists of permanently frozen ground pushed down by a glacier that advanced during
the Little Ice Age. Electrical measurements were carried out in this area in 1991. A strong degradation of the frozen ground was
observed when repeating the measurements in 2002. The thawing of permafrost is the consequence of the historical dynamics of

the formation.

Der Lona Gletscher/Felsgletscher-Komplex in den Walliser Alpen
Le glacier Lona/un complexe rocheux glaciaire dans les Alpes valaisannes

Photo: R. DELALOYE

2 Physical Geography at the University of Fribourg

There are two main thrusts in the domain of
physical geography, namely geomorphology and cli-
mate research.

For many years, investigations by the Group for Geo-
morphologic Research (GReG: Groupe de Recher-
che en Géomorphologie) of the Department of Geo-
sciences have essentially focused on the in siftu
observation of natural phenomena, and the subsequent
interpretation of these observations. Such research is
based on numerous measurement campaigns in the
field, and mapping and geomorphologic assessments
that yield detailed environmental and landscape infor-
mation, that in turn can lead to proposals for the man-
agement of the natural heritage. The research con-
ducted by the GReG is determined by the natural
characteristics of a number of Swiss regions, in par-
ticular the cantons of Jura and Fribourg, and also the
alpine domains of Valais or Grisons. In these various
cantons, local and/or federal agencies are in constant
need of scientific information on such issues. The par-
ticipation in environmental impact studies, in actions
aimed at highlighting the value of natural sites and
monuments of regional, cantonal and federal interest
(the so-called geotopes),and also in long-term environ-

mental observation networks, allows to bridge the gap
between fundamental and applied aspects of environ-
mental science requested at local government levels
and by the general public. This research also allows
the establishment of closer ties between scientists
and graduate students through specific studies leading
to Masters-level theses, thereby allowing students to
gain practical experience for their future professional
careers.

Research on alpine permafrost has been an ongoing
theme for about 15 years at the University of Fri-
bourg. Early research focused on the assessment of the
geographical boundaries of permafrost in Switzerland
and the description of typical periglacial forms such as
rock glaciers (TENTHOREY 1993; GERBER 1994; GARDAZ
1998; LuconN 1998; DELALOYE & MoranD 1998). Cur-
rent research is now aimed at studying the occurrence
and the evolution of permafrost in marginal zones
(DeLALOYE & DEvauD 2000; TurarTt 2002; DELALOYE
et al. 2003; REvyNARD et al. 2003). The setting up of
the PERMOS long-term alpine permafrost monitoring
network in Switzerland, in which the Fribourg group
has played an active role (VONDER MUHLL et al. 2001),
paves the way for innovative research related to the
medium-to-long term behavior of perennially-frozen
grounds in the face of external forcings, in particular
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climatic change and the shifts in environmental condi-
tions that these entail. In this field, the GReG works in
close collaboration with the research team on perma-
frost processes led by Prof. W. HAEBERLI at the Univer-
sity of Zurich, and more particularly with the Institute
of Geography of the University of Lausanne (Dr. E.
REeyNARD) (Fig. 1):

Since the year 2000, a research team has been set up
in the field of dendro-geomorphology that is unique to
Switzerland, with close links to the well-known dendro-
ecology unit of the Swiss Federal Institute for Forest,
Snow and Landscape research (WSL, Birmensdorf).
The observation of the dendrological characteristics
of trees and roots located in regions exposed to natu-
ral hazards (e.g. landslides, rockslides, avalanches, and
debris flows) allows the application of dendro-ecolog-
ical concepts to the understanding of these hazards
and their frequency of occurrence (GARTNER & STOF-
FEL 2002; GARINER et al 2003; STorFreL et al 2003).
Such research is favorably viewed by local authorities,
which require scientific assessments of natural haz-
ards to adequately plan risk management strategies
(BLoETZER et al. 1998; StorreL 1999; StorreL 2000;
StorrEL & MonBARON 2000). The applicability of this
new avenue is also of interest in the capacity building
of students and young scientists (Conus 2002; LIEVRE
2002).

Several years of research related to the protection
of geotopes have motivated numerous students and
young scientists in Fribourg to pursue work in this
domain. Cantonal authorities such as those of Fri-
bourg and Jura requested an inventory of geotopes in
their respective cantons in order to adopt strategies
aimed at their protection. This led to the first doctoral
thesis of its kind (GRANDGIRARD 1997), subsequently
paving the way for a number of Masters’ level theses
on the topic (Baupraz 1998; Bofcuar 2002; DUBEY
1998; Frombevaux 2002; MeENouD 1997). These studies
often lead to proposals for didactic footpaths, aimed at
informing the public about natural curiosities, in par-
ticular of a geological or geomorphologic nature, and
the complex processes that led to their current pres-
ence and aspects (BETRISEY 1997; JEANBOURQUIN 1999;
LEHMANN 1997; PEDRAZZINIT 2002; REBER 2001). Such
studies are a necessary component that help in raising
the awareness of the general public to issues of envi-
ronmental protection and sustainable resource use;
graduate students, through their knowledge base, can
already contribute usefully to such information trans-
fer.

Geomorphologic research in Fribourg has also a long-
standing component related to the study of karst
features and processes (PERRITAZ 1995; BOYER et al.
1998; PeErrITAZ & MoONBARON 1998; FiErz & MoON-

BARON 1999). Over the last two decades, karst-related
research has declined with only one university depart-
ment working in this domain; however, the recent cre-
ation of the Swiss Institute for Speleology and Kars-
tology (ISSKA, a non-university research consortium)
in La Chaux-de-Fonds has provided new impetus for
karst studies (HAUSELMANN et al. 2003; HAUSELMANN
& MonBaronN 2001). New collaborations between the
GReG and ISSKA have emerged through doctoral
(HAuseLMANN 2002) or Masters-level theses. In addi-
tion, the construction of the Swiss national highway
A16 «Transjurane» through territory that is predom-
inantly of karstic nature in the Jura Mountains, has
called for a number of environmental impacts studies
in which the geomorphology group at the University
of Fribourg has been involved.

Geomorphologic research in Fribourg thus consists
of themes that bridge the gap between fundamental
and applied research at the regional level (in order
to respond to questions posed by local authorities),
involving graduate students and young scientists, and
information transfer to the general public to help raise
their awareness of problems related to the manage-
ment of natural systems. These different aspects con-
verge towards the central theme of research in the
Geography Unit of the Department of Geosciences,
namely addressing the very diverse aspects of global
environmental change discussed in the introduction to
this paper.

In the domain of climatic change, a number of projects
are currently under way, funded inter alia by the
new NCCR-Climate and a major EU program (PRU-
DENCE) in the context of the 5" Framework Program
on Environment and Climate.

The climate research group at the Department of
Geosciences of the University of Fribourg has devel-
oped over the past few years a strategy for climate-
related investigations, and in particular those related
to extreme events. In many instances, environmental
systems such as hydrology, snow, or vegetation, and
socio-economic systems such as agriculture or human
health are far more vulnerable to extreme events and
climatic variability than to changes in mean climatic
conditions. Current research aims at contributing to
international efforts in the field of extreme events,
and provides updated information on questions posed
by the Intergovernmental Panel on Climate Change
(IPCC) and by the United Nations Framework Con-
vention on Climate Change (FCCC) that Switzerland
ratified in 1993.

The main thrust of climate-related activities at the
Department of Geosciences is related to regional
climate modeling. The physical-mathematical compu-
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ter modeling approaches require large computational
resources and a network of scientists both within Swit-
zerland and in international circles. In this context, a
research and teaching agreement was signed at the
Rectors’ level in 1999 by the University of Fribourg
and the University of Quebec in Montreal (UQAM).
This formal agreement is aimed at allowing exchange
of scientists and students interested in climate issues
between the two universities; indeed, the UQAM
Atmospheric Sciences Department has been instru-
mental in the development of the numerical regional
climate model CRCM-2 that is currently used at the
University of Fribourg.

Individual research projects related to climate issues

include:

® Numerical modeling of extreme events, funded by
the NCCR-Climate;

¢ Assessment of the risks to forests and slope stabil-
ity in the face of enhanced extreme events, funded
by the Swiss Agency for Environment, Forests and
Landscape (BUWAL), as a governmental contribu-
tion to the NCCR-Climate;

e Numerical modeling and remote sensing of current
and future hailstorm events, funded by the Depart-
ment of Geosciences;

* Assessment of shifts in climatic extremes (storms,
heat waves, cold spells, floods and droughts) in
Europe between current climate and future climate
(period 2071-2100) on the basis of a suite of numer-
ical regional climate models, funded by the EU 5%
Framework Program (PRUDENCE project);

* Response of alpine vegetation to future changes
in snow-pack, funded by the Department of Geo-
sciences;

¢ Methodologies for bridging the gap between regional
climate model results at intermediate spatial resolu-
tion with snow, ice, and permafrost models at high
spatial resolution, funded by the COST-719 project;

* A special contract with the European Southern
Observatory (ESO) aimed at developing a computer
decision-making tool for assessing the climatic char-
acteristics of geographical locations of ESO’s future
100-m telescope;

¢ Investigations of the relationships between climate
and health, through the analysis of the atmospheric
dispersal of allergenic pollens at various spatio-tem-
poral scales.

This coordinated effort within our Department has the
aim of understanding the fundamental mechanisms
that link extremes and «mean climatic conditions».
However, a further objective of the climate group in
Fribourg is to attempt truly interdisciplinary research,
which can be of value to a number of end-users, par-
ticularly those working in the fields of climatic impacts
research, and the policy-making sphere. In terms of

impacts research, there exists both internal and exter-
nal collaboration in fields ranging from permafrost
response to global warming, to shifts in vegetation or
to the impacts of global change on tourism in the Alps.
Such activities are of interest to both the private and
the public sectors, in particular insurance companies
who are concerned about possible increases in the fre-
quency and severity of climate-related extremes, local
authorities who need to develop regional adaptation
strategies in the face of increasing threats related to
natural hazards, and Federal agencies involved in the
negotiations of the Framework Convention on Cli-
mate Change (FCCC). Increasingly, climate-related
research within the Department of Geosciences is
tending towards interdisciplinary research aimed at
strengthening our ties with the «end-user» community
who today have urgent requirements for reliable, high-
resolution climate information (Fig. 2).

In addition to these fundamental research activities,
the climate research group also promotes information
transfer to the Swiss government, in the context of the
IPCC (Intergovernmental Panel on Climate Change,
for which M. BEnisToN was one of the vice-chair-
persons from 1993-1997) and the continued require-
ments for scientific results of relevance to the negotia-
tion and implementation process related to the Kyoto
Protocol (an international agreement within the
UN Framework Convention of Climate Change
signed in 1997). Furthermore, scientific workshops
are held on an annual basis to address issues of
global change research (the Wengen Workshops on
Global Change Research. Information can be found
on URL: http://www.unifr.ch/geoscience/geographie/
Personal/MB/mb.html#WWGCR), in partnership with
leading institutions. Topics at the Wengen Workshops
since 1995 range from fundamental research in high-
resolution climate modeling, to the impacts of envi-
ronmental and climatic change on water resources,
forests, mountain regions, population migrations, and
to science and policy issues linked to the Kyoto
Protocol, for example. A final contribution to the
dissemination of results is through a book series
entitled «Advances in Global Change Research»
published simultaneously in The Netherlands and
the United States by Kluwer Academic Publishers
(series editor: M. BENISTON. Information can be found
on URL: http://www.unifr.ch/geoscience/geographie/
Personal/MB/mb.html#kluwer2).

For further details see BENISTON 1997, 2000a, 2000b,
2001a, 2001b, 2002a, 2002b, 2003, 2002c; BENISTON,
CasaLs & SARAZIN 2002; BENISTON, Di1Aaz & BRADLEY
1997; BENIsTON, Fox, ADHIKARY, ANDRESSEN, GUISAN,
HoLren, INNES, MAITIMA, PRICE & TESSIER 1996; BEN-
1sTON, HAEBERLI & TAvrLor 1997; BenisToN & HAE-
BerLI 2001; BeNisTON & INNES 1998; BENISTON &
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Fig. 2: 2-D contour surfaces of snow-cover duration as a function of winter (December-January-February, or
DJF). Average minimum temperature and precipitation for all selected climatological sites.

Explanation: Ellipses show the 2o (standard deviation) range of DJF minimum temperature and precipitation, and correspond-
ing spread of snow-cover duration for Engelberg, Arosa, and the Siintis. The slopes of the ellipses are related to the covariance of
temperature and precipitation.

2-D Konturen-Oberflichen der Schneedeckendauer als Funktion der winterlichen Durchschnittstemperaturmi-
nima und des Niederschlags in ausgewdhlten klimatologischen Lagen.

Surfaces de contour 2-D de la durée de la couverture neigeuse en tant que fonction de la température et des précipi-
tations minimales moyennes hivernales (décembre-janvier-février ou DJF), de 'ensemble des sites climatologiques

sélectionnés.
Source: BENisTON, KELLER & GOYETTE (2003)

Junco 2002; BenistoN, KELLER & Goverre 2002;
Beniston & TorL 1998; Beniston, Tor, DELECOLLE,
HoerMANN, IGLESIAS, INNES, MCMICHAEL, MARTENS,
NEMESOVA, NIcHOLLS, ToTH, KovaTs, LEEMANS & StoJic
1998; BENISTON & VERSTRAETE 2001; G1oRGI, HURRELL,
MariNuccr & BEeNIsToN 1997; GovErTE, BENISTON,
JunGo, Cava & Laprise 2001; HAEBERLI & BENISTON
1998; HaeBerLl & Beniston 2001; HEiNo, BRAZDIL,
F@rLAND, TUOMENVIRTA, ALEXANDERSSON, BENISTON,
PrISTER, REBETEZ, ROSENHAGEN, ROSNER & WiBIG 1999;
InNES, BENISTON & VERSTRAETE 2000; JUNGO & BENIS-
TON 2001; JUNGO, GOYETTE & BENIsTON 2002; KELLER,
KIieEnasT & BENiston 2000; MARINUCcI, GIORGI, BEN-
ISTON, WiLD, TscHUCK & BERrNASscoNI 1995; RoTacH,
Marinucci, WILD, TscHUcK, OHMURA & BENISTON
1997.

3 Human Geography at the University of Fribourg
There are several mainstreams of research and teach-

ing in human geography, one dealing with marginal
regions, one with the socio-economic implications of

desertification, and another with issues broadly related
to territorial changes in the general context of globali-
zation.

Over the past ten years, research in marginality and
marginal regions has taken place within the IGU
(International Geographic Union) Commission on
Evolving Issues in Geographical Marginality and its
forerunners. Traditionally, marginality has been con-
sidered exclusively from an economic perspective, but
we have started to include social, political and ecologi-
cal aspects in order to emphasize the breadth of the
concept (LEIMGRUBER 1994). Marginal can be defined
as lying on the edge of a system (ANDREOLI 1992); it
can also be seen as situated beyond the periphery, i.e.,
with little to no links to a center, and it can be defined
as lying outside a mainstream process. It must not be
interpreted as a static situation but as a temporary
state in an ongoing process.

An important concern in our work has been the value
system that underlies human perceptions, decisions,
and actions. Values constantly oscillate between a
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Fig. 3: The inversion of perspectives: conventional
(above) and new way (below) of viewing marginality
Die Umkehrung der Perspektiven: konventionelle (oben)
und neuartige (unten) Sichtweise der Marginalitiit
Linversion des perspectives: démarches convention-
nelle (en haut) et nouvelle (en bas) en matiére de vision
de la marginalité

Source: based on LEmmGrusgr 2000, Fig. 5 and 6

«secular» and a «sacred» extreme, the former being
best expressed by terms like innovation, exploitation,
rationality, etc., whereas the latter are related to con-
servation and tradition, care, emotions, etc. At times
we therefore privilege secular values, but at a later
stage, the pendulum will swing back and sacred values
will recover some of their importance. The transition
from modernity to post-modernity is characterized by
such a swing. The evolution of our worldview is a key
element in this process (LEIMGRUBER 2002b) (Fig. 3).

When proposing to focus on the ecological aspects of
marginality, we actually had in mind the way people
perceive nature/the ecosystem. The assumption that
the environment was a no-cost-factor in pricing mech-
anisms has led to false calculations in the long run,
which resulted in the degradation and destruction of
many regions (LEmMGRUBER 2000). This attitude is also
a danger for the capital of tourism, landscape, where
architects have transferred urban type buildings into
mountain landscapes with no regard for aesthetics
(KRIPPENDORF 1984).

Marginal regions from the economic perspective have
been looked upon as negligible, unsuited to modern
production, a sort of region left over after modernity
has swept across the land. The regions concerned were
rural areas, particularly in the mountains. Abandoned
land reverts to a natural state and is characterized by
new and varied species. Biological diversity can thus
be regained, although we have to be cautious with
such a simple statement. From their observations in
the Swiss alpine resort of Grindelwald, NIEVERGELT
& Schiess (1984: 9) concluded that the decision to
abandon mowing and grazing «will cause fundamental
changes in the ecosystem. All species typical of mead-
ows will completely disappear, whereas woodland spe-
cies will successively invade the area.» Thus, the rural

exodus in particularly from mountain regions does not
necessarily lead to an increase in biodiversity (LEmM-
GRUBER forthcoming a).

At the boundary between the physical science and the
humanities is the problem of desertification. This phe-
nomenon, that is leading to significant advances of the
arid zone in many parts of the world, is generated by
a complex set of inter-related natural, economic, soci-
etal, and political factors. A region of particular inter-
est is the Sahelian zone of West Africa, where rela-
tively small changes in environmental conditions have
led to major negative consequences for resource
use and desertification (HamMER 1999, 2002). The
research conducted over a number of years has
attempted to address the issue of desertification
through three fundamental aspects, namely the human
and physical mechanisms underlying desertification
(HamMER 2001a); the possibilities for adaptation or
mitigation strategies (HaMMER 2000a); and the assess-
ment of programs aimed at combating desertification
(HaMMER 2001b).

Recent research has shown that issues related to deser-
tification are highly complex and require detailed
model concepts to address these issues (HAMMER
2001a). In addition, the solutions to the problem
need to be handled at multiple levels of interdisci-
plinary science (HamMMER 2001c). Adaptation strate-
gies require a portfolio of socio-cultural, socio-eco-
nomic, political and technological approaches at local,
regional, national, and supra-national levels (HAMMER
2000b; 2000¢). Although much progress has been made
in arid zone research since the first international con-
ference on desertification in 1977, there are still numer-
ous areas of uncertainty that require further research
within both the physical and the social sciences.

Another theme within the domain of human geogra-
phy involves territorial changes that are analyzed in so
far as they call for renewed socio-political regulations.
Research in this field is mainly pragmatic in the sense
that it is firstly based on observing the territorial behav-
ior of actors who are members of the civil society in
everyday life and, secondly, oriented towards the for-
mulation of advice for public or private organizations in
charge of their regulation. In addition, it also integrates
theoretical considerations that emerge from political
geography, anglo-saxon social geography, sociology and
history, regulation theories, and institutional analyses.

Research in these domains comprise three main ave-

nues :

e Territories of modernity. These territories can be
both urban and rural. In the case of Switzerland,
they include urban agglomerations as well as urban
outskirts. Territories of modernity are representa-
tive of our present lifestyles that are driven by
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disembedding mechanisms. The approach we are
developing at the Department of Geosciences is
linked to the work of CorBoz, and his concept
of «hyperville» («hyper-cities»), SieEverts and his
«Zwischenstidte» («cities-in-between»), or ASCHER’S
«meétapole». It is based on the hypothesis that prior
to designing any new regulation it is necessary to
properly understand the form and the meaning
of these territories as well as the main forces
that contribute to their production. This approach
is developed through the European COST (Coop-
¢ration Scientifique et Technique, a European
funding mechanism) C10 Action, in partnership
with Biro Z in Zurich, and C.E.A.T. (Com-
munauté d’Etudes de I’Aménagement du Terri-
toire) in Lausanne.

* Linking institutional and relational territories.
Based on territorial spreading linked to current
lifestyles (relational territories), the question is to
identify and to discuss various options open to
public authorities in order to re-design institutional
territories so that they are better «containers». For
this purpose, institutional innovations such as agree-
ments between Swiss cantons and associations or
mergers between municipalities and urban areas are
analyzed. For example, the Department of Geosciences
and the Department of Political Economy received
a mandate to assess the Fribourg law on agglomer-
ations and the Fribourg public transportation system
CUTAF (Communauté Urbaine des Transports de
I’ Agglomération Fribourgeoise). This work is a con-
tribution to the Swiss administration’s attempt to
initiate and develop a Federal policy in favor of
urban areas.

® CCTV monitoring of public places. Video-surveil-
lance cameras have a symbolic and an information
significance. They provide new forms of social regula-
tion related to panoptical and disciplinary mecha-
nisms. These new forms are likely to affect the
representation and the behavior of persons under
surveillance. But they are also likely to lead to
the formulation of a new set of collective actions
because they impose constraints and limits on pri-
vacy and individual rights, and they generate exclu-
sion phenomena within public places. This theme is
developed through the European COST A14 Action.
As a result of problems and uncertainties related
to methodological approaches, our research focuses
on CCTV(Closed-Circuit TeleVision) designers and
end-users. The next step will put more emphasis
on people who are under surveillance. This project
is carried out in partnership with the Department of
Geography of the University of Geneva, together
with Rives, a French laboratory of ENTPE (Ecole
Nationale des Travaux Publics de I'Etat) in Lyon,
and the Department of Geosciences of the Univer-
sity of Fribourg.

For further details see BAILLY, PELLEGRINO, HUSLER
& RuEece 2001; DarrFLoN & Ruece 2001; DAFFLON
& RUEGG 2002; NovEMBER, KLAUSER & Ruega 2000;
RueGaG, ComBy & Dousse 2001; WiESMANN, WOEFFRAY,
RuUEGG & REey 2002.

4 Geomatics

Over the last few years, Geographic Information Sci-
ence (GISc) has reached a mature stage as a rec-
ognised disciplinary field. As is the case with many
methodological domains, GISc has oscillated between
applied and theoretical foci. About thirty years ago,
cartography and mapping of spatial phenomena began
responding to the rapidly developing computer era,
thus benefiting from automation, speed and storage
capabilities of computers, as well as their rigid struc-
tural constraints. Following this trend, geographical
database (GDB) developments began to emerge in
order to link the spatial and temporal dimensions
with the thematic ones. During this time, computer-
ized acquisition processes of spatial information were
developed in numerous applied disciplines such as
remote sensed images, digitized maps and automated
field measurements. Numerous applied and theoreti-
cal scientific fields also contributed to the develop-
ment and the adaptation of spatial analysis methodol-
ogies during this period. With time, all of these diverse
achievements slowly merged to form a coherent spa-
tial information processing system, offered as a multi-
disciplinary environment. GISc now encompasses the
full domain of spatial information processing. Its natu-
ral strength as a multidisciplinary tool is certainly due
to the contribution of multiple disciplines to its devel-
opment.

Geographical information science research topics
within the Department of Geosciences follows differ-
ent directions, but all are aimed at contributing to the
development of spatial analysis methodologies, a fun-
damental concept within geography. As the case with
many methodological domains, GISc is concerned with
both conceptual and applied approaches, as well as
with their multiple interactions.

For over two decades, the focus of research in this area
was on the understanding and the integration of infor-
mation process components that participate in the def-
inition of a model of spatial reality. At the conceptual
level, relevant contributions were made in the field of
geographical information acquisition processes, partic-
ularly for the extraction of relevant information from
remote sensed images (CaLoz & CoLLET, 2001; ABED-
NEGO & CoLLET 1992), in the setting up of a meth-
odological corpus for spatial analysis (CoLLET 1992;
Dousse 2000) and in the transfer of geographical infor-



Interdisciplinary research on «Global Environmental Change» Martin Beniston et al.

239

mation reasoning to environmental sciences (COLLET
et al. 1996; Caroz & CorLET 1997; KREIENBUHL 1999).
At the application level, research projects were suc-
cessfully conducted in the fields of urban structures
and dynamics (TErrETTAZ 1998; WEBER et al. 1997) and
land-cover changes (HE & CoLLET 1999).

We believe that GISc should be concerned with both
conceptual and applied levels as their development
and progress rely on an iterative process for validation
and integration of methods. Current research at the
Department of Geosciences at the University of Fri-
bourg tends to confirm this viewpoint. Our participa-
tion in a Swiss «Virtual Campus» project (Geographic
Information Technology Training Alliance, GITTA,
2001-2003), involving a consortium of seven higher
education institutions, was aimed at integrating the
scope of different scientific disciplines into a struc-
tured teaching corpus based on e-learning environ-
ments (WEBEL 2000). Our involvement in various
applied research projects in the field of climatic
changes (HABERLI & BENisTon 2001) and natural haz-
ards assessment (RANDRIAMANGA 2000) provides chal-
lenging opportunities for developing and assessing
methodologies within a multidisciplinary context.
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