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Part 1

A systematic overview of challenges to and solutions for increasing the
sustainability of the food system



Almost 1 billion people undernourished today

Global number of people who are undernourished

Total number of people who are defined as undernourished. An individual is considered to be undernourished when
dietary energy consumption is less than a pre-determined threshold. This threshold is country specific and is
measured in terms of the number of kilocalories required to conduct sedentary or light activities.
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Source: UN FAO (2018); UN FAO (2017); World Bank (2017) OurWorldInData.org/hunger-and-undernourishment/ « CC BY



> 9 billion people expected in 2050...
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Population (billions)
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Medium —0— Low —o— High ---A-- - Constant fertility

Source: Population Division of the Department of Economic and Social Affairs of the United Nations
Secretariat (2009). World Population Prospects: The 2008 Revision. New York: United Nations.



... primarily in developing countries!

World Population 1965 - 2050
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Expected income growth... again also in LDCs

Income Growth
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Table 1. Per capita food consumption (kcal per person per day). Reproduced with permission from Alexandratos (2006).

1969/1971 1979/1981 1989/1991 1999/2001 2015 2030 2050

world 2411 2549 2704 2789 2950 3040 3130
developing countries 2111 2308 2520 2654 2860 2960 3070
sub-Saharan Africa 2100 2078 2106 2194 2420 2600 2830
Near East/North Africa 2382 2834 3011 2974 3080 3130 3190
Latin America and Carribean 2465 2698 2689 2836 2990 3120 3200
South Asia 2066 2084 2329 2392 2660 2790 2980
East Asia 2012 2317 2625 2872 3110 3190 3230
industrial countries 3046 3133 3292 3446 3480 3520 3540
transition countries 3323 3389 3280 2900 3030 3150 3270

Table 2. Calories from major commodities (kcal per capita per day) in developing, industrial countries and China. Data from: FAOSTAT (http:/faostat.fao.org/site/368/Desktop. Default.
aspx?PageID=368#ancor).

% change % chan * * * = * % change % change
meat four decades sugar four deCad wheat four decades rice four decades
. % change

developing 1963 147 75 245 580
countries 1983 210 128 meat four decades | 153 694

2003 369 119 17 127 457 87 655 13
industrial 1963 833 49 592 188
countries 1983 929 337 . 559 145

2003 958 15 328 -6 developing 1963 147 627 6 153 —19
China 1963 90 18 . 194 637
log3 100 54 countries 1983 210 524 oen

2003 644 349 73 305 2003 369 1 1 9 448 131 790 24

industrial 1963 833
countries 1983 929

2003 958 15 _
NUTRITION China 1963 90 Kearney, Phil.

TRANSITION 1983 192 Trans. R. Soc. B,
2003 644 349 2010




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



| =P x A xT = population x affluence x technology = impact
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| =P x A xT = population x affluence x technology = impact

Scarcity of natural resources Loss of ecosystem services
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FOOD SECURTTY

REVIEW

Food Security: The Challenge of
Feeding 9 Billion People
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ANALYSIS

Solutions for a cultivated planet
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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



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

New calories from closing yield gaps for staple crops
(x108 kcal per hectare)

[ I I | I E—— ] g
0 05 1 15 2 25 3 35 - 45 5
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2. Recycling nutrients

HUMANWASTE RECOVERY SVSTEMS HUMAN'WASTE NUTRIENT
et RECOVERY SERVICES

e Within the agroecosystem:

* Improve soils Food

* Compost gl
144

d M a n U re E ‘ / ;L e food crops and Iarggcapes

recycling of recovered
Eco-Toilet Residuals iR
to agriculture and
landscapes

R =T =E

e Qutside of the agroecosystem:

i trolled e
* Food industry el ~ /compost ™y
produce safe fertilizers e Santar, Hide gy
* Energy e
°
P h arma https://capecodecotoiletcenter.com/nutrient-recycling/



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

3. Increase consumption efficiency

Developing
countries

 Reduce food waste |

USA
* Low price of food O
* 10% of income spent on food » +
* Change diet composition oy - =

tOwa rdS health B On-farm M Transport and processing
recommendations: Retail B Food Service Home and municipal

e Less meat (]_OO g per day) Food losses (Charles et al., 2010)

* Less sugar (high energy deN

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

requires 5-7 kg cereals and 15.000
liters water.
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4. Accelerate demographic transition

Annual A
birth and
death-rates .
 Education
Birth-rate
* Economic

development
* Rol and status

Death-rate | of women
O |
Stage  Stage Stage Stage
1 2 3 4

Figure 2.6 The theory of demographic transition

Source: Perman et al., 2003



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)



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 e Self-organizing

* Tightly coupled * Adaptive

* Governed by feedback e Characterized by trade-offs
* Nonlinear * Counterintuitive

* History-dependent * Policy resistant



_—» Decisions

SN

Goals '

\ ‘J

) Environment
Open-loop, event-based view of

the world Our decisions alter our environment, leading to new decisions,

___» Decisions —_

Goals - / _-x\\‘
L - \

Goals ": Side
Problem ———» Decision ———» Results \ Effects
—v — \ /i 7
Situation = Environment =
v / X
Goals of l'-. .u:
Other
Agents\ \ Actions of /
e Others
T

Feedback view of the world
but also triggering side effects, delayed reactions, changes
in goals and interventions by others. These feedbacks may
Sterman, 2000 lead to unanticipated results and ineffective policies.
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Reinforcing loop

Structure Behavior in time

Employee N .
performance Supportive

Level of behaviour

per-

t % formance
+ Non supportive
behaviour

Supporting .
behavior of Time

manager
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Exponential growth

Total confirmed COVID-19 cases

The number of confirmed cases is lower than the number of total cases. The main reason for this is limited testing.

World

3 million
2.5 million
2 million
1.5 million
1 million

500,000

0 : . . . .
Jan 22,2020  Feb 10, 2020 Mar 1, 2020 Mar 21, 2020 Apr 10, 2020 May 4, 2020

Source: European CDC - Situation Update Worldwide — Last updated 4th May, 11:45 (London time) OurWorldInData.org/coronavirus « CC BY 29



Balancing loop

Structure

Behavior in time

Real stock

100 ++

Desired stock

100

100 - -

Time



SIXx common patterns in systems

Exponential Growth

Time -

Oscillation

N

Time -

Goal Seeking

Time —

Growth with Overshoot

Time —

S-shaped Growth

Time —

Overshoot and Collapse

Time —




System archetypes

* Limits to growth * Shifting the burden

Solution -
‘\ |
Conciton \
- (+) ~—_“\l +) \ l Bl (+)
Erré;"cs R1 :&esms Bl m \ f"”’em Slge
\ N o
B (e B

(+)
\\—
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Limits to growth and system dynamics

Donella
Meadows

Dennis Meadows

Jargen
| Randers
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Barriers for learning

*Unknown structure
*Dynamic complexity

*Time delays Real world
*Cannot do controlled experiments \

«Implementation failure D€cisions

*Game playing A
*Inconsistency
*Performance as goal

Strategy,

structures,
decision rules

*Cannot derive dynamcs
from mental models

Sterman, 2000

*Selection misperception
*Missing feedback
*Delay

*Bias, error

*Ambiguity

Information

N

feedback

v

Mental models
of the real world

*Misperceptions of feedback
*Unscientific reasoning
*Judgmental bias

*Defensive habits
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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



12 intervention points

O N WN R

e
N 2 O

Transcending paradigms
Paradigms

Goals

Self-organization

Rules

Information flows
Reinforcing feedback loops
Balancing feedback loops
Delays

. Stock-and-flow structures
. Buffers
. Numbers

Thinking in Systems

A Primer

LT m

Donella H
Meadows

b .
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12 intervention points

S OV U= W N

e
N 2 O

Transcending paradigms
Paradigms

Goals

Self-organization

Rules

Information flows
Reinforcing feedback loops
Balancing feedback loops
Delays

. Stock-and-flow structures
. Buffers
. Numbers

Purpose based
interventions

Structure based
interventions

Elements based
interventions

Source: Meadows (2009)
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How to intervene in complex systems?

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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Foad System Map

The Global Food System
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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
e Future is unfamiliar and undetermined



Cause and effect far apart
in space and time

MERCOSUR

REST OF THE WORLD

SUB-SAHARAN
AFRICA
*South Eastern Mediterranean Countries

Global agri-food exchanges (in millions of US dollars, outside intra-zone trade)
Exchanges of less than 200 million dollars are not represented

200 ——>1,000 s 3,000 » 10,000 25,400
Source: created by Antoine Madiginer, based on the United Nations Comtrade database, April 2011.
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Inherent limits-to-growth pattern A fnovation

psychological <& —0 \

needs income '

\ O )

physiological consumption

needs

pressure

R production B

physical

needs natural capital

B

human and social
capital

_____

-y
.................
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The “What is a good farmer?” lock-in

Lock-Ins Acting against Changes in Pathways of Change by Farmers

Mainstream dairy cooperatives offer bonuses as from a certain quantity of milk and are reluctant to collect milk
from small-scale farms

Dairy farmers share a common vision about farming practice based on intensification, and the education of
farmers contribute to this common vision

Public agricultural advisers and banks support farming practices based on intensification, growth and
high investment

Dairy farmers define themselves as milk producers

The high workload on farms and the heavy investments in farm equipment hinder changes in milk
processing practices

Mainstream dairy cooperatives offer a sense of security

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.
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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



Future is
unfamiliar and
undetermined
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https://time.com/collection/best-inventions-2019/5733085/aerofarms/
https://publicwiki.deltares.nl/display/KWI/5.2.1.3.+Zilte+landbouw+in+Zeeland

A

system state Stabilization

Acceleration

Lock-in

Take-off
Pre-development

Backlash

System breakdown

time
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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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