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1.1 Climate is changing...  

Shift in PDF of July temperatures S Finland  
(Source: Räisänen 2010) Source: Coumou & Rahmsdorf, 2012 

(Source: Peters et al., 2013; Nat Clim Change) 



Climate change projections 
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Source: S. Fronzek et al, 2011 

• Recently much progress regarding 

integration (Earth Syst Mod),  spatial 

resolution (RCMs at 10 km) and veri- 

fication of projections vs measure- 

ments (e.g. Fischer & Knutti, 2016) 



(Plant-soil) Impact models 
Impact projections  

at different spatiotemporal scales 
 

 

(Down-)Scaling/Regionalisation  
(delta change, RCM bias correction, weather generator) 

 

Climate scenario data  
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Impacts on   
Food Production  
(and Land Use) 

Forcing  
scenario(s) 
SRES - RCP 

Observed 
climate data 

Modelling and regionalisation 
 

Impact on Food 
Production (and 
Land Use) 

(source: Rötter et al. 2012, Acta Agric Scand. Section A, 62(4), 166-180). 

Uncertainty chain in CC impact assessment  
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Shifts in annual 
mean surface air 
temperatures, 
2080 to 2099 vs  
1980 to 1999.  
 
Top: stabilization 
scenario E1 
 
Bottom: SRES A1B 
 
 
 
 
 
 
 
Source: Roeckner et al 
2011 



Impact of extreme weather on maize 
Midwest/USA, 2012 
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2. Approaches to adaptation 
research 

 
referring especially to research networks /programs: 

 
(1) AgMIP: the Agricultural Model Intercomparison and Improvement Project 

(www.agmip.org)  
(2) CCAFS:  Climate Change, Agriculture and Food Security 

(www.ccafs.cgiar.org) 
(3) MACSUR: Modelling European agriculture with climate change for food security  

(www.macsur.eu ) 
 

 
 
 
 
 

http://www.agmip.org/
http://www.ccafs.cgiar.org/
http://www.macsur.eu/


Different approaches to adaptation analysis and planning  

10 Source: Vermeulen et al, 2013, PNAS 

Also called: 
projection- based 
/top down 

Also called: decision- 
based /bottom-up/ 
”no regret” 

Source: Nelson et al., 2014 PNAS  

AgMIP and MACSUR (EU-wide) 

CCAFS and MACSUR (regional cases)  



Adaptation definition/ types of… 
IPCC definition:  

• „the process of 
adjustment to 
actual or 
expected climate 
and its effects.  

• In human systems 
adaptation seeks to 
moderate harm or exploit 
beneficial opportunities  
(left and right tail of e.g. a 
yield distribution). In 
natural systems, human 
inter-vention may facilitate 
adjustment to expected 
changes.   

Types of adaptations needed as degree of CC impact increases 
(three vars in y-axis: (i) benefit (ii) time and effort required (iii) degree of 
system change required);  
 

(source: Rippke et al 2016)  



Crop Simulation approach (G x E x M) 
e.g. The CT de Wit Wageningen School of crop simulation models (SUCROS type - of moderate 

to high complexity; daily time step) (see, Bouman et al., 1996; van Ittersum et al 2003) 
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• Sowing date 
• Cultivar selection, Nitrogen fertilizer rate.. 

Different  soil types  
(examples): 
• Fine sandy soil  
• Clay loam 
• Heavy clay 
• Organic soil  

Different Cultivars: 
•  early ↔ late 
• current – future ? 



  Production Situations & Crop model capabilities  

 

 

 

 

 

 
(source: Van Ittersum& Rabbinge 1997) 

 

 



Modelling adaptation of ag systems  
• IPCC WGII: Easterling et al 2007; 

• IPCC 2014: Challinor et al /Porter 
et al 2014; (IRS1-IRS2 – 2015ff) 

• Van Wijk et al 2014 review paper 
bio-economic modelling studies 

MACSUR -> a major driving force: 

- CropM: Ruiz-Ramos et al. 2017 – 
Adaptation response surfaces 

- TradeM: Integrated bio-economic 
analysis of adapt options (farm/region) 
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3. Selected studies on  
CC impacts and agricultral 

adaptations 
  

 
• 3.1 Potential impacts at global and regional scales  

• 3.2 Selected local case studies on crop-/region-
specific impact and adaptation studies 



Global 
impacts of 
CC on crop 

productivity: 
1994 and 

2010 
 

(source: Wheeler 
& von Braun, 

2013)  



CC impact on wheat: Use of multi-model ensembles 
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Application of ensemble modelling 
approach for bread wheat (AgMIP/Macsur) 
– map c shows: Relative median yield and 
CV for +4oC on top of 1981-2010 baseline 
 
 



Model intercomparison and improvement 
COST 734 (blind test, curr. climate); AgMIP wheat (partially & fully calibrated, curr. & future) 

 

  Use of multi-model ensembles     

Source: Rötter et al., Nature Clim. Change 1, 175-177 (2011)   
Source: Asseng et al., Nature Clim. 
Change 3, 827-832 (2013) 



Assessing shifts in probabilities of 
multiple adverse events under CC    

(Trnka, M., Rötter, RP, Ruiz-Ramos et al 2014) 



Effects of local T change on wheat yields 
(update of IPCC 2014 findings – by Macsur/Pirttioja et al.)  

IRS1 - Results from 
single model: Spring 
wheat, Nossen/ 
Germany, year 2008 



 
Objectives  
(1) To develop a new approach to design future crop ideotypes using 
a crop model ensemble 
 
(2) To apply this approach to help design climate-resilient barley 
ideotypes for Boreal and Mediterranean (contrasting) climatic zones 



 
 
 

4. What are future research 
challenges - and how to tackle 

them? 
  

 



Experimentation to improve models for better 
quantifying extreme weather effects  



Step towards robust method:  

Model-aided  ideotyping of climate-

resilient crop cultivars  

 

 source: Rötter et al. 2015 (JEXBOT)  

  



Integrated Regional Assessments (Macsur) 
Multitude of appoaches for assessing adaptation 
options – one direction is upscaling from farm 
level (for typical farm types) of mitigative adapta- 
tion options via region/national to supra-national 
scales – also taking into account other Sustainable 
DevGoals (see, e.g.  www.mtt.fi/modags/) 
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Illustration multiple goal achievements under 
alternative management/ag-technologies 

Status: 2014 

www.macsur.eu 



Challenges, on going  & planned activities 

Tropical plant production systems we are working on in Africa & Asia 
Cacao, Coffee, Oilpalm, Maize/sorghum, Pearl millet, Rice, Wheat/ Barley 
& Legumes (cowpeas, groundnut, …) 

On going and planned activities: 
1. Experimentation on effects of interactions heat & drought stress to 

improve understanding and models  (2 CPs & MSc theses) 
2. Model-aided design of future crop cultivars to accelerate breeding for 

climate-resilience (ClimBar /DE-IS….)  
3. Develop CropM platform and Clim-Ewasys for Southern Africa plus 

local surveys on food and nutrition security (LLL, MSc theses) 
4. Perform analysis of interactions (LLL - rangeland & crop modelling) 
5. Field trials/modelling tillage and rotation effects on soil C (LLL) 
6. Design and implementation of multi-functional farms and SI  
7. Management options for oil palm in Indonesia (Postdoc IPNI-UGOE) 
8. Analysis wide range of CC impacts, adaptation and mitigation options 

for various crop systems & effects on food security (FH to global)  
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