
© Natural Resources Institute Finland © Natural Resources Institute Finland 

Pirjo Peltonen-Sainio and 

OPAL-Life team members 

Natural Resources Institute Finland (Luke) 

Land Use Optimization 
as a means for sustainable 

intensification of agriculture 

at high latitudes 



© Natural Resources Institute Finland 

• Feeding the rising world population 

• Almost a billion of chronically hungry people 

• Avoiding forest clearance to get more arable land for 

food production 

• Meeting all the interplaying challenges caused by: 

• Population growth and higher demand for feed due to increase 

in standard of living in highly populated regions 

• Increasing demand and unbalanced production of crop based 

protein feed 

• Arable land devoted to production of bioenergy 

• Climate change, extreme events, increased vulnerability and 

volatility 
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What is going on? 

Pirjo Peltonen-Sainio 

Global scale: 
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• More farming than ever in our planet 

• High resource intensity (and dependency) 

• High environmental footprint caused by food production 

• High share of agricultural production allocated to 

animals, biofuels and other non-food uses 

• ~50% more food calories 

• Grassland, permanent pastures, natural meadows 

• One third to quarter of global production regions have 

undergone evident yield stagnation or decline 

• Yield gaps have increased 
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What is going on? 

Pirjo Peltonen-Sainio 

Global scale: 
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Foley, J.A. et al. 2011. Solutions for the cultivated planet. Nature 478: 337-342  

• Yield gap is the difference 

between potential and 

attained yields 

• Regional differences in 

yield gaps are high: in 

Europe eastern regions 

exhibit high yield gaps 

• 16 most important staple 

crops 

• 58% increase in food 

production available by 

closing yield gaps 

What is going on? 

Pirjo Peltonen-Sainio 
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Foley, J.A. et al. 2011. Solutions for the cultivated planet. Nature 478: 337-342  

• Yield gap is the difference 

between potential and 

attained yields 

• Regional differences in 

yield gaps are high: in 

Europe eastern regions 

exhibit high yield gaps 

• 16 most important staple 

crops 

• 58% increase in food 

production available by 

closing yield gaps 

• Needs to be carried out in 

a sustainable manner 

What is going on? 

Pirjo Peltonen-Sainio 
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Sustainable intensification 

Socially 
acceptable 

Environmentally 
sustainable 

Economically 
sustainable 

Decrease environmental footprint while increase 

agricultural production and food security in a 

socially acceptable way 
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Sustainable intensification 

Opposite for intensive… 
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Opposite for intensive… 

 

 

 

 

 

 

 

 …is inefficient 

Sustainable intensification 
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Why to change direction? 
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• The Finnish Agri-Environmental 

program (AEP) has been in 

operation for >20 years with >90% 

farmer commitment  

• AEP has been successful 

especially by reducing e.g. N 

balance  

• From 90 to 50 kg/ha already in the 

early phase of the AEP 

Pirjo Peltonen-Sainio 
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• Many contemporary changes in 

agricultural practices, driven by 

changes in prices and farm 

subsidies, also including the AEP, 

were likely reasons, together with 

reduced N use, for yield stagnation 

or decline and adverse changes in 

quality 

• Lack of basic investments → ? % 

• No-tillage → in total ≤5 % 

• Monoculture → e.g. in wheat 5-10 % 

• Soil degradation → ? % 

• Organic farming → in total ~1.4 % 

Pirjo Peltonen-Sainio 

Why to change direction? 
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• This agrees with both major and minor 

crops 

• We do not need to be content with 

such trade-offs 

• Instead we need to further develop the 

future policies to ensure that the 

changes are environmentally, 

economically and socially sustainable 

and acceptable 

Pirjo Peltonen-Sainio 

Why to change direction? 
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• To consider the existing 

policies, most notably the CAP 

• To gain better understanding 

on potential policy related 

obstacles and benefits and 

possible synergies with 

respect to the targets of 

OPAL-Life project: 

• increase agricultural 

productivity  

• reduce greenhouse gas 

emissions from agriculture 

• Increase biodiversity 

Why to change direction? 
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Sustainable intensification 

…hungers for  

 

 

 

 

 

 

 

 non-averaging activities 
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Finland – a pilot region? 
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• High yield gaps, stagnant yield trends 

• AEP with many follow up programs 

• Changing climate 

• Longer growing season, potential for higher 

yields 

• Potential for novel crops and more diverse 

crop rotations 

• Need for autumn sown and cover crops 

• High variation among field parcels 

• In their productivity 

• In their physical characteristics 

• Need and potential for large-scale land use 

planning and optimization 

• Valuable ecosystem services but also 

natural handicaps and vulnerable 

environment 

Finland 

60 N 

70 N 

Alaska 

North 

Canada 

Greenland 

Siberia 

North Pole 

Piirros: Jaana Nissi/Luke 

Pirjo Peltonen-Sainio 
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Finland – a pilot region? 

15 17.4.2018 

• High yield gaps, stagnant yield trends 

• AEP with many follow up programs 

• Changing climate 

• Longer growing season, potential for higher 

yields 

• Potential for novel crops and more diverse 

crop rotations 

• Need for autumn sown and cover crops 

• High variation among field parcels 

• In their productivity 

• In their physical characteristics 

• Need and potential for large-scale land use 

planning and optimization 

• Valuable ecosystem services but also 

natural handicaps and vulnerable 

environment 

Finland 

60 N 

70 N 

Alaska 

North 

Canada 

Greenland 

Siberia 

North Pole 

Piirros: Jaana Nissi/Luke 

Pirjo Peltonen-Sainio 
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Ruosteenoja/Finnish Meteorological Institute 

Climate change 
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The probability for different 

accumulated temperature 

sums depending on region 

• Early and late 30-year 

period 

 

Farmer can improve 

resilience to climate 

variability by selecting 

regionally adapted crops 

and cultivars 

 
Data: Finnish Meteorological 

Institute 

Climate change 
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Years in 1970s 

Years in 1980s 

Years in 1990s 

Years ≥2000 

Climate change 
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Climate change 
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Spring 

barley 

 

Spring 

oat 

 

Spring 

wheat 

1985 2025 
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2055 2085 
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Winter rye 

 

 

Winter 

wheat 

 

 

 

Triticale 

1985 2025 
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Winter 

barley 

 

 

Winter 

oat 

Winter 

turnip rape 

 

 

Winter 

oilseed 

rape 

2055 2085 
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Climate change 

Pirjo Peltonen-Sainio 
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Finland – a pilot region? 

25 17.4.2018 

• High yield gaps, stagnant yield trends 

• AEP with many follow up programs 

• Changing climate 

• Longer growing season, potential for higher 

yields 

• Potential for novel crops and more diverse 

crop rotations 

• Need for autumn sown and cover crops 

• High variation among field parcels 

• In their productivity 

• In their physical characteristics 

• Need and potential for large-scale land use 

planning and optimization 

• Valuable ecosystem services but also 

natural handicaps and vulnerable 

environment 

Finland 

60 N 

70 N 

Alaska 

North 

Canada 

Greenland 

Siberia 

North Pole 

Piirros: Jaana Nissi/Luke 

Pirjo Peltonen-Sainio 
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In the future, spring wheat 

matures earlier in spite of later 

maturing cultivars… 

… which improves opportunities, but also 

increases need for double cropping to provide 

resilience against increasing environmental 

challenged caused by autumn precipitation 

Climate change 
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Finland – a pilot region? 
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• High yield gaps, stagnant yield trends 

• AEP with many follow up programs 

• Changing climate 

• Longer growing season, potential for higher 

yields 

• Potential for novel crops and more diverse 

crop rotations 

• Need for autumn sown and cover crops 

• High variation among field parcels 

• In their productivity 

• In their physical characteristics 

• Need and potential for large-scale land use 

planning and optimization 

• Valuable ecosystem services but also 

natural handicaps and vulnerable 

environment 

Finland 

60 N 

70 N 

Alaska 

North 

Canada 

Greenland 

Siberia 

North Pole 

Piirros: Jaana Nissi/Luke 

Pirjo Peltonen-Sainio 
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Land use optimization 

Highly productive fields 

Advantageous field 

characteristics 

For sustainable 

intensification 

Poorly performing fields 

with disadvantages 

For extensification, 

recovery and in reserve 

For afforestation if no 

future food security role 
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Land use optimization 

Farm size impacts on crop selection 

• compared to >100 ha farm 

Very rarely 

Rarely 

Less frequently 

Very frequently 

More frequently 

Slightly more frequently 

Non-significant difference 
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Very rarely 

Rarely 

Less frequently 

Very frequently 

More frequently 

Slightly more frequently 

Non-significant difference 

Impacts of physical characteristics 

of field parcels on crop rotations 

• Compared to that on left hand side 

Land use optimization 



© Natural Resources Institute Finland 33 17.4.2018 Pirjo Peltonen-Sainio 

Very rarely 

Rarely 

Less frequently 

Very frequently 

More frequently 

Slightly more frequently 

Non-significant difference 

Impacts of environmentally important 

characteristics on crop rotations 

• Compared to that on left hand side 

Land use optimization 
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Land use optimization 
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Land use optimization 

Highly productive fields 

Advantageous field 

characteristics 

For sustainable 

intensification 

Poorly performing fields 

with disadvantages 

For extensification, 

recovery and in reserve 

For afforestation if no 

future food security role 
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Land use optimization 
P

ro
b
a
b
ili

ty
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%
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…but lack 

resilience to 

weather 

variability 
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Monoculture 

rotation systems 

do not only 

reduce 

biodiversity 

…and increase 

sustainability 

gap 
…by abetting soil 

compaction and 

increasing 

dependency on 

crop protection 
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Resilience with diversity 

The closer the crops are, more similarly they respond to 

constraints that cause variation in yield 
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• 475 rapeseed fields: cereal 

monoculture rotations with 

rapeseed as a break crop 

• Generally <30% of serious root 

penetration problems 

• In some fields >70% had very 

serious problems with root growth 

Soil compaction 
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Land use optimization 

 10×10 km study regions 

 

 Primary study regions with 20 pilot farms 

 

 Crop production region 

 

 Dairy region 

 

We have assessed so far ~500.000 parcels 

and their land use from 1995 till today 
 

Implementation to whole Finland 

Fields/10 km2 



© Natural Resources Institute Finland 

In OPAL-Life 

• Develop land use optimization tool 

• Assess yield gaps at field, farm and regional scale 

• Characterize primary reasons for underperforming 

fields 

• Envisage changes needed for input allocation 

• Assess biomass enhancement capacity for prime crop 

and greening areas 

• Assess land use change impacts on GHG emissions, 

biodiversity, resource use efficiency and resilience 

• Safeguard socio-economical feasibility of land use 

optimization 

46 17.4.2018 BFFE Pirjo Peltonen-Sainio 
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Thank you! 

17.4.2018 47 
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