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Impact of Climate Change and Land-Use Change
on the Environment

Editorial to DIE ERDE 138, 2007, Issue 3

This issue on Physical Geography focuses on
alpine and subal pine landscapes of the European
Alpsand of Scandinavia. For many years these
landscapes have been impacted by climate
change, land-use change or even both.

Thefirst article by Jorg Loffler dealswith chang-
ing diversity patterns caused by reindeer graz-
ing in northern Norway. Overgrazing by reindeer
isleading to degradation processesin large areas
of northern Scandinavia. The author uses multi-
variate statistics for the interpretation of plant
species composition and compares ungrazed
sites with ones that are heavily grazed by rein-
deer. High grazing pressureresultsin adecrease
of species richness and a homogenisation of
environmental conditions. In northern Norway,
asin many other cultural landscapes, theimpact
of land use is overriding the effect of climate
change. It can therefore be difficult to assessthe
possible consequences of climate change for
landscape ecological processes.

Thisalso holdstrue for mountain areas. Climatic
warming enhances plant growth and encourages
invasion of certain speciesto higher elevations.
On the other hand, many sites in the subal pine

belt that were long used as grassland have been
abandoned and left to secondary succession.
Shrubs and trees are thus invading pastures and
hay meadows. The effects on the landscape of
land-use change are again hard to separate from
those of climate change. Werner Eugster and
Rene Cattin report on an investigation into dif-
ferences in evaporation and energy fluxesin
forest and grassland sites using the example of a
research areain Switzerland. Dark forests absorb
more solar radiation than light coloured grassland
thusinducing climate feedback mechanisms. The
study aims to quantify the extent to which this
feedback results from land-use change.

Cornelia Ludecke contributes a historical-
geographical articlelooking at Friedrich Ratzel’s
19th century investigations of snow linein the
Alps. Ratzel’ s valuable contribution to Physi-
cal Geography was based on many field tripsto
the Alps and consisted of detailed studies of
snow: its thickness, distribution, water supply
and effects on the environment. Cornelia
Ludecke considers historical discussion of the
snow line to be relevant to the current discus-
sion on the possible consequences of climate
change. Comparatively late snow cover has
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been included in climate models, not only on the
global but also on the regional and local scales.
In his snow line studies Friedrich Ratzel was
stimulated by the first International Polar Y ear
(IPY) (1882-1883). We are now celebrating the
fourth International Polar Y ear (03/2007— 03/
2009). The website www.ipy.org shows the ur-
genciesof IPY; for instance, changing snow and
ice: “Changesin snow cover and seaice have
immediate local consequences for terrestrial
and marine ecosystems ... Changes of snow-
fall and shrinkage of glaciers will influence
millions of people, whose daily use of water
for personal consumption or for agriculture de-
pends on snow pack and glacial sources”.
More than one century after Ratzel’ sinvesti-
gations, snow cover has clearly not lost its
importance for the environment.

The last article in this issue turns away from
alpine areas under changing climate and pas-
toral use. Barbara Malburg-Graf considersthe
effect of heavy metals on arable land in south-
west Germany. Contaminants like heavy metals
are of more importance for arable land than for
grassland. Fertilizersareamajor source of heavy

metal contamination; heavy metalsaccumulate
in the soil and, depending on soil conditions,
may be taken up by crops— apotential risk for
human health. In order to understand these
processes and to be able to predict future de-
velopment and thus make recommendations for
land management, heavy metal fluxes have to
be analysed. Actual agricultural land use can
then be assessed in terms of sustainability.

In polar and alpine regions, effects of climate
change areimmense. Indeed, they feature almost
every day in our newspapers. In these regions,
theimpact of land-use change is substantial only
when considered on the local or regional scale.
Compared to polar and apine regions, land use
in temperate regions has had strong negative
impacts on the environment for thousands of
years. Fortunately, many restrictions haveled to
more awareness, at least in European countries.
Theimpact of climate change on agricultural land
in temperate regions is increasingly under dis-
cussion, for instance the role of soil organic
matter as carbon sink or carbon source.

Gabriele Broll (Vechta)
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¢ Ecological diversity — Landscape degradation — Mountain ecosystems

JorgL offler (Bonn)

Reindeer Grazing Changes Diversity Patterns
in Arctic-Alpine Landscapes of Northern Norway

Rentierbeweidung ver&ndert Diver sitatsmuster
in arktisch-al pinen Landschaften Nordnorwegens

With 7 Figures, 2 Tables and 3 Photos

Reindeer grazing impact in northern Norway was studied analysing vegetation and environmental
variables. The aim was to identify environmental changes and to cal culate multi-scale impacts on
diversity patterns. 126 sites were studied. Each plot was supplied with measurements of 50
environmental variables. Using multivariate statistics we found heterogeneous species composi-
tions that could not be interpreted significantly. By way of contrast, soil mosaics were found in
concordance with sites but could not explain plant species diversity patterns. Analysing condi-
tions along reindeer fences, on the two sides of the fence with different grazing intensities, we
found homogenisation of the ecological site conditions. We argue that changes of the arctic-alpine
environment are due to heavy grazing impact, so that plant species compositions were altered
resulting in a decrease of species richness, pauperising the variance of communities to secondary
poor vegetation. Comparing conditions over northern Norway our hypothesis leads to the
conclusion that landscape degradation had occurred in all regions.

Summary: Reindeer Grazing Changes Diversity
Patternsin Arctic-Alpine Landscapes of Northern
Norway

Reindeer grazing impact was studied analysing
vegetation and environmental variablesin arctic-
alpine landscapes of northern Norway. We used
multivariate statisticsto interpret heterogeneous
species compositions. Our results could not ex-
plain patterns of plant species. Analysing condi-
tionsalong reindeer fences, using both sides of the

fence each under different grazing intensities, we
found homogenisation of the ecological site con-
ditions. Changesof the arctic-al pine environment
are due to heavy grazing impact. Plant species
compositionswere altered resulting in adecrease
of species richness, pauperising the variance of
communitiesto secondary poor vegetation. Com-
paring conditions over northern Norway our hy-
pothesis leads to the conclusion that landscape
degradation had occurredin all regions.
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Zusammenfassung: Rentierbeweidung verandert
Diversitatsmuster in arktisch-al pinen Landschaften
Nordnorwegens

Der Beweidungsdruck durch Rentiereim nordnor-
wegischen Fjell wurde anhand von Analysen der
Vegetation und ihrer bestimmenden Umweltvari-
ablen untersucht. Mit Hilfe multivariater Statis-
tik sollte die heterogene Artenzusammensetzung
interpretiert werden. Die Ergebnisse dieser klas-
sischen Untersuchung konnten jedoch zunachst
zur Erklarung der réaumlichen Muster der V egeta-
tion nicht herangezogen werden. Mit Hilfe der
Analyse von Standortverhaltnissen entlang von
Rentierzaunen, die unterschiedliche Gebiete mit
differenzierten Beweidungsintensitaten
voneinander trennen, konnte jedoch gezeigt wer-
den, dasseine hohe Bewei dungsintensitéat zu einer
Homogenisierung der 6kosystemaren V erhaltnisse
fahrt. Im Ergebnis wurde die Arten-
zusammensetzung verandert, die Artenzahl bedeu-
tend reduziert und schliefdlich eine sekundéare ar-
tenarme V egetation geschaffen. Anhand der grof3-
raumig angel egten Untersuchungen konnte gezeigt
werden, dass eine entsprechende Landschafts-
degradation mit Verlusten der Artenzahlen und
Okologischen Standortdiversitét in allen untersuch-
ten Regionen Nordnorwegens stattgefunden hat.

Résumé: L influence du paturage desrennessur la
diversitédespaysagesdetypearctique-alpindansle
nord de la Norvege

L'impact du paturage exercé par les rennes dans la
région du Fjell au nord delaNorvege a été étudié a
I'aide d'analyses de la végétation et des variables
environnemental esqui déterminent celle-ci. || était
prévu d'interpréter la composition hétérogene des
especes grace ala statistique multivariée. Or, dans
un premier temps, les résultats obtenus par cette
méthodeclassique neseprétaient pasal'explication
de la répartition spatiale des espéces végétales.
L'analyse des bandes de terre longeant de part et
d'autrelescl6tures qui séparent desenclosarennes
caractérisés par des intensités différentes de patu-
rage anéanmoins permisde démontrer qu” uneforte
intensité de paturage aboutissait a I'hnomogénéisa-
tion des conditions écosystémiques. Ceci aeu pour
conséquence unemodification delacomposition des
especes, une diminution considérable du nombre
d'espéceset finalement |'apparition d'unevégétation
de type secondaire comportant une faible variété
d'espéces. L esétudes menées sur un vaste périmetre
ont permis de démontrer qu'une telle dégradation du
paysage caractériséepar laperted'especeset |'appau-
vrissement de la diversité écologique des sites s'est
déroulée dans I'ensembl e des régions du nord de la
Norvege ayant fait I'objet d'une telle étude.

PD Dr. Jorg Loffler, Department of Geography,
University of Bonn, Meckenheimer Allee 166, 53115
Bonn, Germany; loeffler@giub.uni-bonn.de

Den vollstdndigen Beitrag

fiir € 5,00 jetzt anfordern:
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¢ Evapotranspiration — Subalpinezone — Local climate — Land-use change

Wer ner Eugster (Zurich) and RenéCattin (Bern)

Evapotranspiration and Energy Flux Differences
Between a Forest and a Grassland Site in the Subalpine Zone
in the Bernese Oberland

Unter schiede der Verdunstung und Ener giebilanz eines Wal des und eines
Gradandsin der subalpinen Zone im Berner Oberland

With 9 Figuresand 1 Table

Economic pressure on farmers in mountainous areas of Switzerland has led to considerable aban-
donment of traditionally used lands. Such abandonments of grasslands — primarily pasture and
hay meadows — typically leads to invasion of shrubs and later forests, the potential climax
vegetation in the subalpine zone of the Swiss Alps. Because dark forests absorb a considerably
higher share of the solar radiation energy than what is received at the earth’s surface by brighter
colored grasslands, this potentially leads to a climate feedback mechanism that enhances local
climate change in addition to global warming related to the increase in greenhouse gas concentra-
tions since pre-industrial times. In our study we aimed at quantifying the order of magnitude of
this feedback mechanism related to land-use change from grassland to forest, which is typical of
the higher elevations in the Alps based on summer season measurements of the surface energy

budget and evapotranspiration in the Leissigen research catchment in the Bernese Oberland.

Summary: Evapotranspiration and Energy Flux
Differences Between a Forest and a Grassland Site
in the Subal pine Zone in the Bernese Oberland

Vegetation plays akey role for local and regional
climates since the transpiration of the green bio-
mass that is closely linked with photosynthetic
assimilation consumesaconsiderableshareof avail-
ableenergy. Thus, land-use changesfrom grassland
to forest potentially also lead to changes in the
near-surfaceclimateviathechangein surfaceener-
gy budgets. Typically, model estimates assume a
higher evapotranspiration from forests than from
grasslands in mountain areas, but measurements
are scarce. For the Spissibach Natural Hazards
Research Catchment east of Thun, Switzerland, we
quantified the climatologically relevant surface
energy fluxes during the summer of 1999 of a
grassland and a 15-yr old Norway spruceforestin

the subal pine elevation zone. The coniferous for-
est under investigation with the Bowen-ratio ap-
proachyielded al.9timesgreater evapotranspira-
tion than a grazed grassland at similar elevation,
slope and aspect. The darker forest surface ab-
sorbed more energy than grassland during the day.
Since most of this energy surplus, however, was
used for evapotranspiration, less sensible heat
remained than above the grassland. This leads to
generally cooler daytime conditions over forest
than grassland. In contrast, inthe seasonal average
theforest was characterised by higher mean sensi-
ble heat fluxes, mainly because open areas such as
grasslands loose more sensible heat to cold-air
drainage flows at night. The dominance of these
nocturnal conditions in the mean energy budget
leadstothefindingthat foreststendtoyield higher
mean temperatures than grasslands, despite the
lower peak daytime temperatures.
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Zusammenfassung: Unterschiede derVerdunstung
und Energiebilanz eines Waldes und eines Gras-
lands in der subalpinen Zone im Berner Oberland

DieV egetation beeinflusst das|okaleund regionale
Klimain entscheidender Weise. Die Verdunstung
der griinen Biomasse ist eng gekoppelt mit der
photosynthetischen Assimilation und konsumiert
einen groRRen Teil der verfligbaren Energie an der
Erdoberflache. Deshalb wird erwartet, dassbei einer
Landnutzungsanderung, bei der Grasland (Wiesen
und Weiden) durch Wald ersetzt wird, auch das
bodennaheKlimaveréndert wird —infolge der Ver-
anderung der Energiebilanz der unterschiedlichen
Oberflachen. Allgemeinwird angenommen, dassWald
mehr Wasser verdunstet als Grasland; Messungen
im Feld sind aber kaum vorhanden. Wir haben uns
deshalb zum Ziel gesetzt, entsprechende Daten fur
dasEinzugsgebi et des Spi ssibachs, einesForschungs-
gebiets fur Naturgefahren 6stlich von Thun
(Schweiz), zu erheben. Wahrend des Sommers 1999
haben wir die klimatisch relevanten Energiefliisse
eines Graslands mit kombinierter M&hwiesen- und
Weidenutzung und eines 15-j &hrigen Fichtenbestan-
desin subal piner Hohenlage erforscht. Der mit der
Bowen-Ratio-Methode untersuchte Fichtenwald
verdunsteteim Vergleichmit einer typischen Weide
(mit anschlieflender Wieslandnutzung im Herbst)
auf &hnlicher Seehthe, Expositionund Hangneigung
rund 1,9-mal soviel Wasser wéhrend der V egetations-
periode. Zwar nimmt der dunklere Wald tagsuber
und im Mittel mehr Energie auf als Weideland. Da
aber ein Grofdteil dieser Energie in Verdunstungs-
warme umgewandelt wird,verbl eibt tagstiber weni-
ger fuhlbare Warme tiber dem Wald, was zu tenden-
ziell kiihleren Bedingungen gegeniiber Weideland
fuhrt. Im Mittel verhélt essich jedoch genau umge-
kehrt: Die Weiden verlieren deutlich mehr fiihlbare
Warme wahrend der Nacht (Kaltluftabfluss), so
dasswegen der Dominanz der nachtlichen Differen-
zen die Wéalder eher warmer sind als Weideland.

Den vollstdndigen Beitrag

fiir € 5,00 jetzt anfordern:

GFESHOP.DE

Résumé: Différencesd’ évapotranspiration et du flux
d’ énergie de surface entre une forét et un paturage
dans la zone subalpine de |’ Oberlande Bernoise

Le climat local et régional est contrélé d’un part
important delavégétation. Latranspiration desplan-
tes vertes est directement liée avec |I'assimilation
photosynthétique en consommant une fraction im-
portantedel’ énergiedisponiblealasurfacedelaterre.
Alors, unreplacement d’ un paturage ou d' un pré par
uneforét devrait avoir un effet au climat delacouche
atmosphérique touchant la surface. En général les
modéles quantifient une évapotranspiration élevée
d’une forét de montagne en comparaison avec des
prés ou péturages, mais il n’existent pas assez de
mesures expérimentales pour élaborer cette these
quantitativement. Dans cet article nous présentons
nos mesures de |’ été 1999 d’ un paturage et une forét
composeéedesapinsagésd’ environ 15ansdanslesite
derecherchedeshasardsnaturel sdu Spissibachal’ est
de Thoune, Suisse, danslazone subalpine. Lesconi-
feres dont on obtenait les flux d’ énergie utilisant la
méthode de Bowen-ratio avaient une évapotranspi-
ration élevéede 1,9foisleflux mesurésurlepéturage
d’ altitude, penteet exposition semblables. Laforét de
couleur plusfoncée absorbat plusd’ énergie pendent
lejour en comparaison avec le paturage. Mais parce
que I’ évapotranspiration consommait lamajorité du
surplusdeflux énergétique, leflux dechaleur sensitive
était diminuédanslaforét enrelationdu paturage. La
conséquence pour laforét est un climat moins chaud
qu’ au péturage pendant lajournée. A I’ échelled’ une
saison lasituation est renversée avec plus de flux de
chaleur sensitive au moyen delasaison parce quele
péturage avec sa végétation basse est plus ouverte
pour un flux de chaleur négative et des mouvements
d’air froid pendent la nuit qui constituent un export
essentiel d’ énergie adisposition al’ écosystéme. Le
réledominant desconditionsnocturnesél évelemoyen
de température d'air de la forét au-dessus de la
température moyenne du péturage, autant que les
maximums desjours étaient classifiésarevers.

PD Dr. Werner Eugster, ETH Zurich, Department
of Agricultural and Food Sciences, Institute of Plant
Sciences, LFW C55.2, CH-8092 Ziirich, Switzer-
land, werner.eugster @ipw.agrl.ethz.ch

Dipl. phil. nat. René Cattin, University of Bern,
Institute of Geography, Hallerstr. 12, CH-3012
Bern, Switzerland, rene.cattin@meteotest.ch
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e Snow hydrology — History of Geography — 19th century — Friedrich Ratzel

CorneliaL tidecke (Munich)

Friedrich Ratzel (1844-1904) and the
I nvestigation of the Snow Linein the Alps

Friedrich Ratzel (1844-1904) und die Untersuchung der Schneegrenze in den Alpen

With 7 Figures and 2 Tables

During the Ratzel Centennial Conference at Leipzig in 2004, Friedrich Ratzel (1844-1904) was
commemorated mainly referring to his influence on regional geography and political geography. In
addition, he made important contributions to anthropology and ethnology. Besides, however, Ratzel
was also interested in problems of natural science like snow hydrology, glaciers, snow and firn
(névé), which he had come across during his hikes through the Alps. The paper describes a side
aspect of the development of geography as a discipline at the end of the 19" century. The historical
discussion of the snow line problem provides a valuable contribution in the context of the discus-
sion on climate change where the snow line is one of the crucial variables describing climate.

Summary: Friedrich Ratzel (1844-1904) and the
Investigation of the Snow Linein the Alps

When publicinterestintheiceageandinglaciers
increased again in the 1870s, Friedrich Ratzel
(1844-1904), aresident of Munich at that time,
became fascinated by the snow cover and its
morphological effects, while hiking through the
Alpsin1872 and early 1873. Butit wasonly after
the International Polar Year (1882-1883) that
Ratzel started his thorough investigation of the
snow cover, thesnow lineandfirninthe Alpsand
developed a definition of the orographical firn
line. In contrast to hiswork, other geographers at
the time, Albrecht Penck (1858-1945), Albert

Heim (1849-1937) and Eduard Bruckner (1862-
1927), focused on glaciationinthe Alps. In 1886,
before Ratzel moved to the university of Leipzig,
hedevel oped aquestionnaire on phenomenol ogical
observations of the snow cover. The information
collected | ater becamethe basefor hismonograph
on snow cover in the German mountains. In the
same year, the Bavarian Meteorological Central
Station at Munich, with the intention to predict
springtime peak flows of the Danube, established
anetwork of stationsin southern Bavariaand al so
sent out a questionnaire concerning the snow
cover asking for quantitative data. This article
describesdifferent geographically and meteorol-
ogically-based definitions of the snow line. Al-
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ready in Ratzel’s times, the snow line was re-
garded asasignificant variablefor theinvestiga-
tion of climate change. Today Ratzel is well-
known asahuman geographer and asthe founder
of political geography as well as for his three
volumes on ethnology. Besides, however, he
also applied himself to problems of natural sci-
ence as demonstrated in this article on his con-
tributionto understanding therol e of snow cover.
Zusammenfassung: Friedrich Ratzel (1844-1904)
und dieUnter suchung der Schneegrenzeinden Alpen

Als in den 1870er Jahren das Interesse an der
Eiszeit und den Gletschern wieder aufkam, wurde
auch Friedrich Ratzel (1844-1904), der damalsin
Minchen lebte und im Sommer 1872 und Anfang
1873 durch die Alpen wanderte, von der Schnee-
decke und ihrer morphol ogischen Wirkung faszi-
niert. Erst nach dem Internationalen Polarjahr
(1882-1883) begann Ratzel seine griindliche Un-
tersuchung der Schneedecke, der Schneegrenzeund
desFirnsin den Alpen und entwickelte eine Defi-
nition der orographischen Firnlinie. Im Gegensatz
zu seinen Arbeiten konzentrierten sich andere
Geographen wie Albrecht Penck (1858-1945),
Albert Heim (1849-1937) und Eduard Briickner
(1862-1927) auf die Untersuchung der Verglet-
scherung der Alpen. Bevor Ratzel 1886 an die
Universitét nach Leipzig wechselte, entwarf er
einen Fragebogen uber phanomenologische
Beobachtungen der Schneedecke. Die gesammel -
ten Informationen wurden spéter zur Basis fir
seine Monographie tber die Schneebedeckungin
deutschen Gebirgen. Im selben Jahr richtete die
Bayerische M eteorol ogische Central station (M Un-
chen) in Sldbayern ein Stationsnetz ein, um im
Frihjahr das Donauhochwasser vorhersagen zu
koénnen, und verschickte dazu ebenfalls einen Fra-
gebogen zur Schneedecke, der jedoch quantitative
Daten abfragte. V erschiedenegeographischund me-
teorologisch begriindete Definitionen der Schnee-
grenzewerden ausdamaliger Sicht vorgestellt. Schon
damals wurde die Schneegrenze als signifikanter
Parameter fir Untersuchungen des Klimawandels
angesehen. Heute ist Ratzel als Anthropogeograph
und als Begriinder der Politischen Geographie be-
kannt sowie durch seine dreibandige V 6lkerkunde.
Danebenwidmeteer sichjedochauch Fragestellungen
aus den Naturwissenschaften, wie im vorliegenden
Artikel am Beispiel seinesBeitragszur Schneedecke
gezeigtwird.

Résumé: Friedrich Ratzel (1844-1904) et |’ étude
delaligne dela neige dansles Alpes

Avec lareconnaissance de |’ intérét publique ala
périodeglaciaire et spécia ement aux glaciersencore
se faisant jour autour de |’ années 1870, Friedrich
Ratzel (1844-1904), habitant de Munich (Allema-
gne) qui traversaitlesAlpesen été 1872 et au début
de 1873, etait fascinédelacouchedelaneigeet de
son effet morphologique. Ce n’était qu’ apres
I’ Année Polaire Internationale (1882-1883) que
Ratzel commencait ses études de la couche de la
neige, lalimitedeneige permanente et du névédans
lesAlpeset développait unedéfinitiondelalimite
denévéorographique. D’ autresgéographescomme
Albrecht Penck (1858-1945), Albert Heim (1849-
1937) et Eduard Brickner (1862-1927) mettaient
I”accent sur I’ étude de laglaciation des Al pestout
au contraire & Ratzel. Avant son mutation al’ uni-
versité de Leipzig en 1886, Ratzel élaborait un
questionnaire sur les observations phénomeénol o-
giques de la couche de la neige. Plus tard les
informations recueillies formaient la base pour la
monographie sur la couche de la neige dans les
montagnes d’ Allemagne. Dans la méme année la
Station Centrale M étéorologique BaviereaMunich
installait un systemede stationsen Baviére du Sud
et envoyait parall€lement un questionnaire concer-
nant lacouchedelaneige. Celui-ci interrogeait sur
desdatesde quantité, afin desavoir prédirelacrue
du Danube au printemps. Les résultats présen-
taient des différentes définitions le la limite de
neige permanente basées sur desrai sonsgéographi-
ques et météorologiques, connues a |’ époque. En
méme temps la limite de neige permanente était
considéréevariablesignifiante pour lesfutures étu-
desdu changement du climat. Aujourd’ hui Ratzel est
connu égal ement commereprésentant delaGéogra-
phie Humaine que comme fondateur de la Géogra-
phique Politique et par sonlivresur I’ é&thnologieen
troisvolumes. En mémetempsil sevouait pourtant
aux problémes des sciences naturelles, comme le
montrecet articleal’ exempledesacontribution sur
lacouchedeneige.

PD Dr. Cornelia Ludecke, Valleystr. 40, 81371
Minchen, C.Luedecke@lIrz.uni-muenchen.de

Den vollstiandigen Beitrag

fur € 5,00 jetzt anfordern:
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« Heavy metal balance — Agricultural landuse — Soil protection — Sustainability assessment

BarbaraMalburg-Graf (Stuttgart)

Analyss of Heavy Metal Fluxesin Soils and Sustainability Assessment
of Agricultural Land Usein the Suttgart Region, Germany

Analyse der Schwermetallflisse in Boden und Bewertung der Nachhaltigkeit
landwirtschaftlicher Bodennutzung in der Region Stuttgart, Deutschland

With 4 Figuresand 9 Tables

20 years after the report of the World Commission on Environment and Development in 1987 —
well-known as the Brundlandt Report — the concept of sustainable development is widely accept-
ed. The operationalisation of this normative concept, however, has to be realised with the sup-
port of scientific knowledge. The question is: What are the characteristics of a sustainable agri-
cultural land use? In accordance with the sustainability concept there is a broad societal consen-
sus between policy makers and the actors in soil protection and agriculture in Germany that a
health hazard for man and beast in present and future should be avoided. Consequently, one
characteristic of a sustainable agricultural land use should be the idea that the accumulation of
pollutants in the soil and the contamination of groundwater and crops must be ruled out. One
source of heavy metal input in agricultural soils is fertilization. The article demonstrates the
approach of calculating heavy metal fluxes (input by fertilization, output to groundwater and
crops) developed for the study as well as the sustainability assessment system and presents the
calculated heavy metal fluxesfor 18 fields of arable land in the Stuttgart Region.

Summary: Analysisof Heavy Metal Fluxesin Soils
and Sustainability Assessment of Agricultural
Land Use in the Suttgart Region, Germany

Themain objective of the study wasthe assessment
of sustainability of agricultural land use based on
heavy metal bal ances. Anassessment method based
mainly on comparisons between critical levelsand
measured values was developed. Cd and Zn input

through fertilization and output through a potential
wheat harvest and through leaching werecal cul ated.
Two study areas with different soil and land-use
properties and situated in different landscape units
in the Stuttgart Region were chosen. The task was
to determinewhether arisk of soil, groundwater and
crop contamination by heavy metals existed. This
vulnerability investigation formed the basis of a
sustainability assessment.
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Zusammenfassung: Analyseder Schwer metallfl lisse
in Boden und Bewertung der Nachhaltigkeitlandwirt-
schaftlicher Bodennutzunginder Region Stuttgart,
Deutschland

Das Hauptziel der Untersuchung war die Bewer-
tung der Nachhaltigkeit landwirtschaftlicher Bo-
dennutzung basierend auf Schwermetallbilanzen.
Eswurde eine Bewertungsmethode entwickelt, die
hauptsachlich auf V ergleichen zwischenkritischen
und gemessenen Werten beruht. Cd- und Zn-Ein-
trégedurchdieDiingung sowie Austragedurch eine
potenzielle Weizenernte und durch Auswaschung
wurden berechnet. Eswurden zwei Untersuchungs-
gebiete in der Region Stuttgart ausgewahlt, die
verschiedene Bodenei genschaften und Bodennut-
zungssysteme aufweisen und inverschiedenen Na-
turrdumen liegen. Es sollte untersucht werden, ob
ein Risiko fiir Boden, Grundwasser oder Anbau-
frichte durch Schwermetal lkontamination besteht.
Basierend auf dieser Untersuchung der Empfind-
lichkeit der Umweltkompartimente sollte eine
Nachhaltigkeitsbewertung durchgef iihrt werden.

Résumé: Analyse desflux desmétaux |ourdsdansdes
solset évaluationdeladurabilitédel’ utilisation des
solsagricolesdanslarégionde Suttgart, Allemagne

Lebut principal étaitl’ évaluationdeladurabilitéde
I’ utilisation desterresagricolesfondée sur un bilan
des métaux lourds. Une méthode d’ évaluation fut
développée qui est constituée surtout par une
comparaison entrevaleurslimites et val eurs mesu-
rées. Ladéposition de Cd et de Zn par lafertilisa-
tionet |’ issuepar larécolteet par lelessivagefurent
calculées. Deux territoires d’investigations avec
différentes caractéristiques des sols et des syste-
mesdel’ utilisation deterre et situésdansdifférents
espaces naturaux furent choisis. Le risque de con-
tamination des sols, de |’eau souterraine et des
fruits de champs devait étre investigué. Cette in-
vestigationdelavulnérabilitédevait étrelabasede
I”évaluation deladurabilité.

Dr. BarbaraMalburg-Graf, Institute of Geography,
Department of Physical Geography, University of
Stuttgart, Azenbergstr. 12, 70174 Stuttgart, Germany,
mal burg@geographie.uni-stuttgart.de
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