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Global change and milk? 
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Land use to produce 1000 kg of milk 
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(Cederberg, 2000) 
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Global land use for milk production 

• Argentina (sunflower) 

• Belgium (potatoes) 

• Brazil (soybean)  

• Denmark (sugar beet, rape seed)  

• France (sunflower, maize) 

• Germany (rape seed)  

• Malaysia (palm oil)  

• Netherlands (potatoes) 

• Poland (sugar beet)  

• South America (sugar 

cane)  

• Sweden (sugar beet, rape 

seed) 

(Cederberg, 2000) 

Raw materials for the concentrate feed that is used to raise 
livestock in Sweden are produced in: 
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Soybean field in Brazil 

Source: http://www.proteger.org.ar/archivos/SojaEnAmazonasFotoGpeaceLarge.JPG 
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GLOBAL MARKET CHANGES 
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Land cover of the   

EU-24 is 3.6 Mill km2 
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But land use of the 

EU is much more!!! 
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Land flows of the EU  
embedded in agricultural trade 
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EU land net flows FA
net

 split by region 

Koellner et al. in preparation 
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EU net land flows FA
net

 split by deforestation 

ca. 2000 km2 more land used per 
year from countries with 

deforestation (mainly Brazil) 
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Global change of food consumption patterns  

Delgado et al. 2003 Journal of 
Nutrition 133: 3907S-3910S 

181 Million tons equal  
362‘000 km2 of intense cropland  
(roughly 1/3 of EU cropland area) 
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LAND USE AND  
LAND COVER CHANGES 
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Crop land expansion 1700-1992 
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Source: Ramankuttya & Foley, 1999 
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Foley, et al. (2005) Science 309, 570 
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IMPACTS ON BIODIVERSITY 
AND ECOSYSTEM SERVICES 

22 
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Tropical cropland expansion 

Boreal cropland expansion 
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Ecosystem services are functional properties of ecosystems  
that contribute to human well-being 

1997 2004 
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Land use impacts on ecosystem services  
adapted from Foley, et al. (2005) Science 309, 570 
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Tropical forest Cropland 
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Forest or Cropland?  

Societal problem is the management of ecosystem services 
under global change 

Market scenarios: Doubling of agricultural production until 2050 

Climate scenarios: Increase of weather events  

Policy scenarios: WTO Free trade agreement 

Scientific problem is to model and value ecosystem services 
in Human-Environment Systems given uncertainty and 
incomplete information 

Small scale/short term -> high scientific accuracy 

Large scale/long term -> high societal relevance 
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RESEARCH OF THE 
PROFESSORSHIP OF 
ECOLOGICAL SERVICES (PES) 

37 
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Ecosystem Services in Human-Environment Systems 

7 
Land use and 

land cover 

Ecosystem goods 
& services 

A) Regional Human-Environment System 

Decision 
making of 

actors 

Markets 

Policies 

C) Markets and Policies 
as Global Driver 

Climate 

B) Climate 
as Global Driver 

Ecosystems 
& biodiversity 
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RESEARCH ON 
REGIONAL SYSTEMS 

45 
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Regional HES models 

Elements 
1. Decision making of land users 

2. Land use and land cover 

3. Biodiversity and ecosystem services 

Goal 
Understanding trade-offs between 

ecosystem services and biodiversity 

Simulation of land use scenarios  

Decision support of regional planners 

Methods  
Surveys 

Remote sensing 

Spatial models 

Land use and  
land cover 

Ecosystem services  
supply and demand 

Decision-making  
of land users 
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Erosion regulation by natural ecosystems 

Reduced erosion regulation service 

Production of sediments in the Birris 

Watershed upstream 

Costs of additional sediments downstream 

in the Angostura Dam  
Cost of dredging the dam is 2Mill $ 
per year 

Reduced lifetime of dam 
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Regional HES models  
in Costa Rica, Ethiopia, South Korea and Switzerland 
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Integrated model of ecosystem services with 
spatial Bayesian networks 

Patrick Poppenborg, UBT 

Haean watershed, South 

Korea 

Financed by DFG 
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Map, picture or graph 
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Sustainable strategies of land use and water use in 
mountain regions facing global change  

Enrico Celio, UBT/ETH 

Zurich 

Julia Brändle, ETH Zurich 

Switzerland, Wallis 

Financed by SNF/           

ETH Zurich 
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Map, picture or graph 
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Remote sensing for ecosystem service quantification 

Yohannes Ayanu, UBT 

Awash basin, Ethiopia 

Financed by UBT 
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Map, picture or graph 
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Support of decision-makers 

Optimizing regional systems 

Replace cropland in steep 

slopes with forest 

Impact on biodiversity, 

ecosystem services and costs? 

Regional simulation models 

(e.g. InVEST, Stanford) 

60 

Optimizing product systems 

Replace Brazilian soybean with 

wheat from Ukraine  

Impact on biodiversity, 

ecosystem services and costs? 

Life Cycle Assessment (e.g. 

SimaPro, Pre) 
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RESEARCH ON 
PRODUCT SYSTEMS 

61 



Professorship of Ecological Services (PES), University of Bayreuth, www.pes.uni-bayreuth.de 

Global land use and  
impacts on (functional) biodiversity in LCA 

Laura de Baan, ETH Zurich 

NN, UBT 

Global scale 

Financed by ETH Zurich and 

EU7 
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Vascular plant species richness  
(Mutke & Barthlott, 2005) 
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Environmental system 
Product system 

Product life cycle 

Product Use 

Resources extraction 

Production 

Transportation 

Recycling/Waste 

Noise and 
radiation 

OUTPUT 

Chemical 
Emission 

Waste 

Change of 
ecosystems &  
biodiversity  

Biotic 
Resources 
(e.g. timber) 

Space  
& time 
(e.g. land use) 

INPUT 

Abiotic 
Resources 
(e.g. water) 

Ecosystem 
services 
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Resources 

Human 
Health 

Natural 
Environment 

Climate change 

Resource depletion 

Land use 

Human toxic effects 

Ozone depletion  

Photochem. ozone creation  

Ecotoxic effects 

Eutrophication    

Acidification 

Areas of protection 

Water use 

Land use in LCA framework 

Impact categories 

Slide adapted from S. Hellweg 

Inventory 

Inputs  
(e.g. 

occupation/ 
transform. 

land) 

Emissions 
(e.g. CO2 

from soil or 
vegetation) 

65 
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Biodiversity Damage Potential for 57 land use types 
and 6 land use classes 
(Vascular plant species, Central Europe PA80445, Baseline year 1975)   

Land use classes
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Artificial surfaces 9.4 0.3 0 9 37 481 0.6 0.0 7 0.33 0.04

Agriculture high intensity 5.8 0.2 0 5 30 524 0.7 0.1 11 0.51 0.04

Agriculture low intensity 16.6 0.2 2 16 49 1214 0.7 0.0 19 -0.15 0.03

Forestry high intensity 5.7 0.2 1 5 18 140 – – 0 0.63 0.02

Forestry low intensity 11.0 0.2 1 9 36 1773 – – 0 0.29 0.01

Non-use 11.1 0.2 1 10 42 1120 0.8 0.1 15 0.21 0.03

Worldwide diversity regions

DZ5 (Swiss Plateau) 8.9 13.3

DZ6 (Swiss Alps) 13.3 17.7

Splants Sthreatened plants EDP plants

Source: Koellner, T. and Scholz, R. (2007) International Journal of LCA. Online.  
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Complete LCA of Biofuels 

Source: EMPA 2007 Ökobilanz von Energieprodukten 
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CONCLUSION 

76 
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Nordbayrischer Kurier 2009 
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Ecosystem Services… 

1. …are functions of nature with value for human well-being 

2. …have to be managed on regional to global scales by 
societal actors 

3. …have to be investigated at the Interface of Natural 
Sciences and Social Sciences/Economics 
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Thanks to… 

Past supervisors 
Dieter Leopold -> Environmental Economics 

Ulrich Heitkamp and Matthias Schäfer -> Ecology 

Ruedi Müller-Wenk -> Life Cycle Assessment 

Roland Scholz -> Natural and Social Science Interface 

People at UBT 
All the colleagues in Natural and Social Sciences 

Patrick Poppenborg, Yohannes Ayanu, Enrico Celio, Julia Brändle, 

Laura de Baan 

Irmgard Lauterbach 

Donors 
Elite Network of Bavaria, DFG, UBT, SNF, ETH Zurich, EU, UNEP 
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Drink less milk  
and more beer 
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