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PIK – an Overview 



PIK modeling portfolio 



Food and weather 
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Climate, Agriculture, Markets 

Menzel & D‘Aluisio, 2007 



Steffen et al. 2004 

Climate 
change 



Steffen et al. 2004 

Global 
Change 



Climate change impacts on agriculture 

Nelson et al. 2014 
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Modeling agricultural productivity 





Modeling climate change impacts 

Müller et al. 2011 



Sources of uncertainty: climate, T 

Hawkins & Sutton 2009 



Sources of uncertainty: climate, P 

Hawkins & Sutton 2011 



Don’t know much about history… 

Porwollik et al. 2016 



van Bussel et al. 2015 

Sources of uncertainty: data 
• Crop patterns 
• Irrigation 
• Varieties 
• Fertilizers 
• Soil management 
• Rotations 
• Intercrops 
• Residues 
• … 

 



Rötter et al. 2011, Rosenzweig et al. 2013 

Sources of uncertainty: models 



Crop modeling 
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Statistical modeling 

 

Neumann et al. 2010 



Process-based modeling 

Boote et al. 2013 



Schauberger et al. 2015 



Beyond productivity: production 



Economic agricultural modeling 

Stevanovic et al. 2016 



Schmitz et al. 2013 

Biophysics meet economy 



Irrigation also matters downstream 
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Indirect impacts, limits to adaptation 

 

Elliott et al. 2014 



Agricultural Econmics in AgMIP/ISI-MIP 

 

Nelson et al. 2014 



Beyond production: nutrition 



Quality matters 
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The “lamp post problem”? 



 

Myers et al. 2014, Müller et al. 2014 



Beyond nutrition:  
multiple objectives 



Not just food… 
• Mitigate climate change and 

looming impacts on agricultural 
productivity 

• Food security for a growing and 
richer population 

• Bio-economy: increasing 
demand for fuels and materials 

• Conservation/ 
environmental protection 

Bodirsky et al. 2015 



Externalities 

 

Schmitz et al. 2012 



Beyond modeling:  
the holy grail : learning & informing 



GGCMI Phase 1: understanding the past 
• Ten reanalysis-based historical weather products 

spanning 1901-2012 

• 14 GGCMs supplying data 

• Harmonized on fertilizer, sowing, maturity, etc.  

 

 

• Additional focus on large-scale  
extreme drought/heat events in  
the historical record. 

 



Establishing a public benchmark 

Müller et al. 2017 



National level 

Müller et al. 2017 



Spatio-temporal performance 

Müller et al. 2017 



What do model results represent? 

Challinor et al. In revision 



Implications of uncertainties 

• Uncertainties cannot be eradicated 

• Well-described uncertainties  
facilitate decision processes 

• Climate change impact analysis needs to be 
– more comprehensive (scenarios) 
– more explicit (mean, tails, likelihoods, …) 
– more cross-sectoral 

• Visions of desired states needed 



How can large-scale modeling help? 

• Extrapolation to unobserved conditions 
• Deeper Understanding of processes, complex 

systems, nonlinear system behavior 
• Provides a mechanism to test a set of complex 

hypotheses 
• “Mind Games”: What would happen, if …? 

– different scenarios 
– extreme conditions 

• Reducing Uncertainty in system responses 
• Consistency for large-scale dynamics 



The road ahead:  
managing management 



Technological change 

Glotter and Elliott 2016 



Waha et al. 2013 

Adapted sowing dates 

Adapted cropping sequence 
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Adaptation through management 



 

Mitigation through management 

Del Grosso et al. 2009 



Menzel & D‘Aluisio, 2007 

Thanks for your attention 
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