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Conv. CC IA meth. /Winners /Loosers; mean changes;  Here: 
Potential changes in cereal yields, A2 (Parry et al., 2004) 
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Climate is changing... 

Shift in PDF of July temperatures 
S Finland (Source: Räisänen 2010)

Source: Coumou & Rahmsdorf, 2012

(Source: Peters, 2013; Nat Clim Change)



Impact assessments by process-based crop models 

REVIEW (summer 2011):  CSMs need an overhaul... 
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1) Based on Palosuo et al. (2011) and results of 
three companion studies within COST 734, 
during 2008-2011  =>  use multi-model ensemble 
approach mean/median as predictor – first test in 
Rötter et al. 2012, FCR; extended /confirmed by 
Asseng et al. 2013 & work in progr (AgMIP Wheat)

2) Need for better reporting uncertainties in IA

3) Reduce model deficiencies to better  

capture climatic variability and extremes 



Importance of impacts of climate variability 

• The challenge:

• “Until we can confidently ascribe fluctuations in the yield of crops 
we have already grown to specific features of the weather they 
were exposed to, we have little hope of predicting how our food 
supplies might be affected by the changes of temperature and 
rainfall which climatologists now observe when they increase the 
amount of CO2 in their models”. (Monteith, J. L. Q. J. R. Meteorol. 
Soc. 107, 749–774 (1981). Soc. 107, 749–774 (1981). 

• Why is it so difficult to simulate effects of climate variability on crop 
yields with process-based crop models ? 

• Current status: Has substantial progress been made regarding model-
based estimates of yield variability at different scales (field, region, 
supra-national) ?  Examples

• Outlook: What further efforts need/can be made to reduce uncertainties 
in model-based estimates of yield variability in response to climate ? 
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COST 734 model intercomparisons 2008-11
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Source: Palosuo et al., 2011; crop: winter wheat; location: Lednice, CZ Republic;  

Means and ranges of model-based estimated and observed (blue line and 
rectangles) yields for 14 growing seasons studied 



FACCE MACSUR: A detailed climate change risk FACCE MACSUR: A detailed climate change risk 
assessment for European Agriculture. assessment for European Agriculture. –– Partners: Partners: 
16+1 very (inter16+1 very (inter--)active country teams (70 groups))active country teams (70 groups)

• (Austria)

• Belgium

• Czech 
Republic

• Israel

• Italy

• Netherlands

• Norway
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Joint Programming Initiative: Agriculture, Food Security and Climate Change

• Cyprus

• Denmark

• (Estonia)

• Finland

• France

• Germany

• Hungary

• Ireland

• Poland

• (Romania)

• Slovakia

• Spain

• Sweden

• Turkey

• UK

www.macsur.eu



FACCE MACSUR structure

Coordination of Knowledge Hub

CropM
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Cross-cutting activities

Science excellence
CropM

TradeM

LiveM

Capacity building
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NO. WORK PACKAGE TITLE COORDINATION

WP1 Model intercomparison (develop protocols; 
extend sites, crops)

Christian  Kersebaum (GER)
Marco Bindi (IT)

WP2 Model improvements through generating and 
compiling data 

Jorgen Olesen (DK)
Mirek Trnka (CZ)

WP3 Scaling methods and model linking Frank Ewert (GER), Sander 

CropMCropM Work PackagesWork Packages

Janssen (NL)
Martin van Ittersum (NL)

WP4 Scenario development and impact 

uncertainty analysis

Reimund Rötter (FI), Daniel 

Wallach (FR), M Semenov 
(UK), Mike Rivington (UK)

WP5 Capacity building John R Porter (DK)

WP6 Case studies on impact assessment (cross 

cutting theme package and linkage to 
decision-making)

Jan Verhagen (NL) 

Derek Stewart (UK)
Pier Paolo Roggero (IT) 



2. Crop model uncertainties / deficiencies 
Model situations /yield gaps analysis

Palosuo et al. 2013. modelling 

historical adaptation/cultivar choice 

Proceed Impacts World 2013

(Source:  Van Ittersum & Rabbinge, 1997)



Changes in the rate of (a) C3 
photosynthesis and respiration and 

(b) rate of crop development as a 
function of temperature.

2.  Crop model uncertainties ?
What kind of extremes and impacts are 
we talking about ?

(1)Heat shocks (high Tmax) =>  floret 
mortality, heat waves => leaf senescence, 
shortened grain-filling period

(2) Dry spells/water deficits => stomatal 
closure, photosynthesis reduced, leaf
senescence.......

Porter J R , and Semenov M A Phil. Trans. R. 
Soc. B 2005;360:2021-2035

©2005 by The Royal Society

senescence.......

(3) Heavy rain => water logging, oxygen
stress; post.-maturity delayed harvest; 
wetness increasing occurrence of pests/ 
diseases

(4) Heavy rain/warm winters – indirect via soil 
Processes (e.g. nitrogen losses by leaching)



3. Recent Progress: Considering uncertainties 
in climate model projections (RCMs) 
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Source: M Sloth 

Madsen et al., 2012



Effects of spatial aggregation of model input 
(examples SW Finland) 

Angulo, C., Rötter, R., Trnka, M., Pirttioja, N., et al. 2013. Characteristic 
'fingerprints' of crop model responses to weather input data at different 
spatial resolutions. European Journal of Agronomy 49: 104-114.



Relationship between percentage fruit set (angular transformed 
data) and mean floral temperature, from 08:00 to 14:00 h, 9 days 
after flowering in groundnut (Vara Prasad et al. 2000).

Examples of implementation: Rice 
(ORYZA1, Kropff et al., 1993; SimwRice, 
Horie et al., 1991); recently: wheat, barley 
(MONICA, Nendel et al., 2011); ......

Fig.Crop model CROPSYST calibrated for 
wheat and sunflower (Moriondo et al., 
2011)

EXREME HEAT : 
FLORET MORTALITY, 
SPIKELT INFERTILITY

Porter J R , and Semenov M A Phil. Trans. R. Soc. B 
2005;360:2021-2035

©2005 by The Royal Society

Source: Climatic change (2011) 104, p. 687

Algorithm:  reducing factor for   

Challinor et al., 2005; GLAM-HTS



4. OUTLOOK: Need for further improvements 
Study ensemble modelling – ? MMM/MME – observed 

(COST734  mod. intercomp with restr. calibration  - example barley)
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Sources: Rötter et al. FCR (2012); Palosuo et al., EJA (2011); 



Sowing date 
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Rain 3-7 weeks 
after sowing 
(early drought 
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Source: Rötter et al., 2013b



Probability density functions of spring barley yields during 
1971-2000 and 2071-2100 under selected climate change 
scenarios at Utti

Baseline (1971-2000)

IPSL CM 4 A2

GISS MODEL_E_R B1
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Rötter, Höhn, Trnka, Fronzek,  et al. 2013, Acta Agric Scand. 



Impact Response Surface Analysis /Probabilistic 
assessment of CC impacts on crop production 

Examples from SW Finland:
Pirttioja et al. (2012 ff)



MACSUR : Regional Pilot Studies
Multitude of appoaches – one direction is 

upscaling from farrm level (for typical farm 

types) of mitigative adaptation options via 

region/national to supra-national scales – also 

takingInto account other Sustainable DevGoals 

– e.g. NORFASYS   Rötter et al., 2013b)

Income

GHG Food self- GHG 

emissions

N leaching

Pesticides

Biodiversity

Labour

Land area

Food self-

sufficiency

Avg. Farmer Perfect Farmer Improved

Qualitative illustration goal achievement 
under alternative management



Agro-ecosystem models as part of IA 
modelling systems (e.g. NORFASYS)

Field level
Plant-soil models

Farm level
Static and dynamic farm level models

Modelling framework

Climate scenarios
Crop and variety information
Soil data
Agronomic practices

Static and dynamic farm level models

Sector level

Dynamic regional sector model

Environmental and economic impacts
and land-use

Market and policy drivers

Lehtonen et al. 2010. JAS



www.macsur.eu
CropM International Symposium and Workshop: Modelling climate 
change impacts on crop production for food security

The international crop modelling community meets between 10-12 February 
2014 at Oslo, Norway, to assess the state-of-the-art in crop modelling for 2014 at Oslo, Norway, to assess the state-of-the-art in crop modelling for 

climate change risk assessment, and develop a joint vision and research 
agenda for the future. The event is organized by CropM of MACSUR.

Confirmed keynote speakers at the symposium:
John R Porter (Denmark): State-of-the-art of crop modelling ...

Gerald C Nelson (USA): Critical Challenges for Integrated Modelling of CC ....

THANKS!
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