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Overview

• Part 1: A systematic overview of challenges to and solutions for
increasing the sustainability of the food system

• Part 2: The nature of complex systems

• Part 3: Food systems as complex food systems
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Part 1
A systematic overview of challenges to and solutions for increasing the
sustainability of the food system
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Almost 1 billion people undernourished today
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> 9 billion people expected in 2050…

+30%
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… primarily in developing countries!
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Source: United Nations, Department of Economic and Social Affairs, 
Population Division: World Urbanization Prospects, the 2009 Revision. 
New York, 2010

Urban
population as 
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population
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Population of the 29 urban 
agglomerations/ megacities

Source: United Nations, Department 
of Economic and Social Affairs, 
Population Division: World 
Urbanization Prospects, the 2009 
Revision. New York, 2010
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Expected income growth… again also in LDCs
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Kearney, Phil. 
Trans. R. Soc. B, 
2010

NUTRITION 
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In summary… 

• Almost one billion people hungry
• World population increases with 30% and will live primarily in 

megacities in the South (2050)
• Incomes rise and cause diet shift towards more meat and vegetable 

oils (nutrition transition) resulting in 60% increase in demand by 2050
• Natural resources such as oil, P, water and biodiversity become scarce 

(reinforced by climate change)
• Ecosystems are being destroyed such that essential ecosystem 

services are declining
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1. Increase productivity and input efficiency

• Close yield gap by better use of inputs (precision farming)
• Increase production limits and input efficiency by crop improvement

(conventional or GM)
• Reduce yield losses
• Use less external resources (agro-ecology), but no expansion of 

agriculture
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Achieving 95% of the yield potential would increase the amount of 
calories with 58% (Foley et al., Nature, 2011, 478:337-342)
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2. Recycling nutrients

• Within the agroecosystem:
• Improve soils
• Compost
• Manure

• Outside of the agroecosystem:
• Food industry
• Energy
• Pharma
• …

https://capecodecotoiletcenter.com/nutrient-recycling/

https://capecodecotoiletcenter.com/nutrient-recycling/


3. Increase consumption efficiency

• Reduce food waste
• Low price of food
• 10% of income spent on food

• Change diet composition
towards health
recommendations:
• Less meat (100 g per day)
• Less sugar (high energy dense

food)
• More vegetables and fruit The production of 1 kg beef 

requires 5-7 kg cereals and 15.000 
liters water.

Food losses (Charles et al., 2010)
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AUSTRALIË: $377 / weekTSJAAD: $1 / week

Bron: TIME, 2016, Hungry Planet: What the World Eats, time.com



4. Accelerate demographic transition

• Education
• Economic

development
• Rol and status 

of women

Source: Perman et al., 2003
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5. Reduce material consumption

• Dematerialisation not possible for food as services cannot be 
separated from product
• No crops for biofuels
• Sufficiency: decrease consumption to real needs

• Consume less on a voluntary basis
• Rationing
• Financial instruments (e.g. fat tax)
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Sutton et al., 2011. The European Nitrogen Assessment
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Sutton et al., 2011. The European Nitrogen Assessment
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Part 2
The nature of complex systems
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Dynamic complexity arises because systems are

• Constantly changing
• Tightly coupled
• Governed by feedback
• Nonlinear
• History-dependent

• Self-organizing
• Adaptive
• Characterized by trade-offs
• Counterintuitive
• Policy resistant
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Feedback view of the world

Open-loop, event-based view of 
the world

Sterman, 2000
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Exponential growth
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Six common patterns in systems
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System archetypes

• Limits to growth • Shifting the burden
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Limits to growth and system dynamics
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Limits to growth and system dynamics
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Real world

Information 
feedbackDecisions

Strategy, 
structures, 
decision rules

Mental models
of the real world

•Unknown structure
•Dynamic complexity
•Time delays
•Cannot do controlled experiments

•Implementation failure
•Game playing
•Inconsistency
•Performance as goal

•Cannot derive dynamcs
from mental models

•Selection misperception
•Missing feedback
•Delay
•Bias, error
•Ambiguity

•Misperceptions of feedback
•Unscientific reasoning
•Judgmental bias
•Defensive habits

Barriers for learning

Sterman, 2000
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Nature of complexity

• Dynamic complexity: cause and effect far apart in space and time, 
resulting in the need for a systemic solution
• Social complexity: no single entity owns the problem and 

stakeholders involved have diverse - potentially entrenched [and 
antagonistic] - perspectives and interests, resulting in the need for a 
participative solution
• Generative complexity: future is unfamiliar and undetermined, 

resulting in the need for a creative solution
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12 intervention points
1. Transcending paradigms
2. Paradigms
3. Goals
4. Self-organization
5. Rules
6. Information flows
7. Reinforcing feedback loops
8. Balancing feedback loops
9. Delays
10. Stock-and-flow structures
11. Buffers
12. Numbers
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12 intervention points
1. Transcending paradigms
2. Paradigms
3. Goals
4. Self-organization
5. Rules
6. Information flows
7. Reinforcing feedback loops
8. Balancing feedback loops
9. Delays
10. Stock-and-flow structures
11. Buffers
12. Numbers

Purpose based
interventions

Structure based
interventions

Elements based
interventions

Source: Meadows (2009)

39



How to intervene in complex systems?
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Relationship between
cause and effect

Approach Respons

Simple Obvious Sense - Categorise -
Respond 

Best practice

Complicated Requires analysis and 
expert knowledge

Sense - Analyze -
Respond 

Good practice

Complex Only in retrospect Probe - Sense - Respond Emergent practice
Chaotic Not at systems level Act - Sense - Respond Novel practice
Disorder ? ? Comfort zone

Source: Cynefin



Part 3
Food systems as complex systems
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Source: shiftn 42



Some food system dynamics

• Dynamic complexity: 
• Cause and effect far apart in space and time
• Inherent limits-to-growth pattern in the food system
• ‘Memories’ create path dependencies and lock-ins

• Social complexity: 
• Stakeholders involved have diverse - potentially entrenched [and 

antagonistic] - perspectives and interests
• Generative complexity
• Future is unfamiliar and undetermined
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Cause and effect far apart 
in space and time
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Mathijs et al. (2012)

Inherent limits-to-growth pattern



BBB as knowledge and
action lock-in
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The “What is a good farmer?” lock-in
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De Herde, V.; Maréchal, K.; Baret, P.V. Lock-ins and Agency: Towards an Embedded Approach of 
Individual Pathways in the Walloon Dairy Sector. Sustainability 2019, 11, 4405.



Stakeholders involved have diverse - potentially entrenched [and 
antagonistic] - perspectives and interests

• Agro-ecological farming versus “industrial” agriculture
• Family versus corporate
• GMO, crispr-cas
• Land sparing versus land sharing
• Animal versus plant
• Global versus local
• Large versus small
• …
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Future is 
unfamiliar and 
undetermined

49
https://time.com/collection/best-inventions-2019/5733085/aerofarms/

https://publicwiki.deltares.nl/display/KWI/5.2.1.3.+Zilte+landbouw+in+Zeeland

https://time.com/collection/best-inventions-2019/5733085/aerofarms/
https://publicwiki.deltares.nl/display/KWI/5.2.1.3.+Zilte+landbouw+in+Zeeland
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Concluding remarks

• Food system is a complex system facing formidable challenges
• Technological solutions are known
• Social complexity inhibits implementation, as change is inhibited by

vested interests
• Learning by doing: Probe – sense – respond as action logic (in 

addition to sense – analyse – respond)
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