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EXECUTIVE SUMMARY
In complex systems, such as the European food system, solving problems 
which lead to biophysical and humanitarian impacts requires a new approach. 
When not considering the problems within the context of the system they 
exist in, attempts to fix the problems often lead to unintended and unforeseen 
consequences. 

In this guidebook, we first explain the basics of systems theory. Common 
patterns we see in system dynamics, which perpetuate problems, are often 
termed ‘system archetypes’. As a starting point, some of these archetypes are 
introduced with examples from the food system, to explain why it is difficult to 
break free of destructive cycles of behaviour. 

Following the introduction to systems theory, we explain our method for finding 
leverage for change using applied systems thinking. Using the analogy of how 
a lever works, we introduce the three steps we use to identify the actions which 
will create the type of outcome we are looking for. 

The first step is identifying the weights or impacts in a system that we want to 
shift to a more sustainable state. We describe which types of impacts should be 
prioritized over others, including:

• Long-term, irreversible impacts

• Impacts which undermine the ability of the earth to provide a safe operating 
space for humans

• Impacts for which the outcomes for people or environment have a high degree 
of uncertainty
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The second step is to sketch a systems map, looking at the processes and 
system structures which lead to the impacts. The goal here is to identify the 
fulcrums, or processes, around which the system must shift to reduce impacts. 
We look specifically for processes which:

• Contribute to a large number of impacts across the system

• Lead to a disproportionately large part of a single impact

• Contribute to reinforcing feedback loops, which will perpetuate the problem 
unless interrupted

Finally, we must identify the lever itself, or the intervention which will ultimately 
shift the impact. We explain what interventions are and how they affect the 
system by returning to examples of archetypes. We prioritize interventions 
based on their feasibility and effectiveness. For feasibility, we look at economic, 
social, political, practical, and technical feasibility. When considering potential 
effectiveness, we consider not only the effect on the single target impact, but 
also the larger systemic effect, which can be either positive or negative.

While we have worked through this process based on our own experience and 
expertise, our conclusions are not necessarily the same as the conclusions that 
other stakeholders would draw. We offer this guidebook as a means to explain 
the process, which can then be applied by other groups of experts in different 
fields. For this reason, at the end of the guidebook we also offer our insights into 
using systems thinking in the process of strategy and roadmap development as 
an organization.
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1.1 ABOUT THIS DOCUMENT
In your hands is an introduction to systems thinking and a step-by-step guide to 
identifying leverage using systems analysis. In this document, we explore the 
issue of leverage by working through the example of the European food system 
and discussing how this system can be transitioned to a more sustainable 
state using systems thinking. The main goal of this report is to show where 
the functioning of a system can be altered in a structural manner (where there 
is leverage within the system). Leverage can be defined as an opportunity to 
change the functioning of the system in order to transition the system as a 
whole to a more sustainable state. This report will guide you through a process 
of identifying leverage and thinking systemically about creating effective 
strategies and roadmaps for change. Based on our own multidisciplinary 
expertise, we have drawn our own conclusions along each step of the process, 
though this process can also be followed by experts in specific topic areas. 

The European food system is a perfect case for systems analysis. In the current 
body of research, it is clear that the food system is the single largest contributor 
to the depletion of global biodiversity and puts a tremendous pressure on natural 
and human systems alike. While the food system is already running up against 
physical boundaries within the global system, it is also poised for a necessary 
expansion. If we consider a business-as-usual scenario and population growth, 
food production may need to increase by 60% over 2006 levels by 2050 (Food 
and Agriculture Organization of the United Nations, 2016). This represents a 
larger increase from today’s production level than we have achieved through 
advances of the Green Revolution since the 1960s (Searchinger et al., 2013). 
At the same time, other demands for biomass (for example for biofuels and 
biobased materials) compete for land and resources. While it is possible to 
achieve a food system that works within the planet’s biophysical boundaries, 
inclusively supports human livelihoods, and ensures food security for a growing 
population, a fundamental change is needed in the system as a whole in order to 
achieve these diverse objectives simultaneously.

Chapter index
In this chapter we begin by providing a brief introduction to systems thinking and 
explain how it can contribute to effective strategy development, while chapters 
2-5 serve as a guide to our process of identifying leverage. Chapter 2 provides an 
introduction to our process, while the following chapters illustrate this process 
step by step. In this way, we hope to guide the reader to a comprehensive 
understanding of how to apply a similar process to decision-making for high-
impact solutions. At the end of this process, we also present our high-level 



INTRODUCTION 9

conclusions on developing effective strategies and roadmaps using systems 
thinking in Chapter 6. The final chapter provides a reflection on the process and 
key takeaways for moving forward. 

1.2 A BRIEF INTRODUCTION TO SYSTEMS THINKING
Before we get into the details of systems thinking, it is valuable to discuss 
what we mean by a system. We define a system as an interconnected set 
of elements that is coherently interconnected and organized in a way which 
produces a pattern of behaviours over time (Meadows, 2001). Systems exist 
at virtually every level of size and abstraction: a single cell and the universe are 
both systems, while both ecosystems (physical, concrete) and financial systems 
(immaterial, abstract) fall under the definition of a system. All of these systems 
are interconnected, and the definition of a discrete system boundary is arbitrary 
in essence, and defined based on the set of behaviours or outcomes that fits 
within a certain definition of purpose. The main purpose or function of the food 
system, for example, is to produce food for consumers, and the boundary is 
defined by this purpose. 

However, the main function of a system is not the only outcome. While the 
elements of the food system are organized in a way to provide food, it also 
leads to a range of additional outcomes, some of which we see as positive 
(employment and the provision of livelihoods, culturally-significant agricultural 
landscapes, etc), and some of which are negative (biodiversity loss, greenhouse 
gas emissions, poor labour conditions, etc). While we would like to address the 
negative outcomes of a system, due to the interconnected nature of a system, it 
is difficult to do so without unwittingly contributing to a problem somewhere else 
within the system. The behaviour or functioning of complex socio-ecological 
systems, such as the European food system, is difficult to predict, often leading 
to suboptimal decision-making. 

If we are to have any hope of changing a system for the better, we must first 
understand what causes the system to function the way it does. Systems theory 
is a framework which can provide tools for thinking about problems within the 
context of a system. One key insight within systems theory is that the outcomes 
or impacts of a system are ultimately caused by its structure. Behavioural 
patterns are rooted in systemic structures such as biophysical conditions, 
markets, and political institutions, which are in turn influenced by the mental 
models and perceptions that guide our decision-making and the establishment 
of structures. 
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Building on this notion, Maani and Cavana have introduced what has been called 
the “four levels of thinking” model, which illustrates these interrelationships. The 
model shows the hierarchical relationship between four related, but different 
levels within a system: events (which are impacts or symptoms), patterns 
(behaviours), systemic structures, and mental models (paradigms) (Maani and 
Cavana, 2007). 

As shown in Figure 1, events represent only the “tip of the iceberg”. However, 
because they are most visible and immediate, most policy attention is directed 
here: at the “end of the pipe,” whether literally in terms of pollution clean-up or 
figuratively through policies that are aimed only at addressing the symptoms of a 
problem. Systems theory can provide tools for understanding complex systems 
and help us move beyond “end of pipe solutions” to address deeper structures 
and mental models that are at the root of the problem. 

Figure 1: Maani and 
Cavana’s “four levels 
of thinking”
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1.3 THE VALUE OF SYSTEMS THINKING                             
AS A TOOL FOR PROBLEM SOLVING

Holism vs reductionism
The complexity of systems often gives rise to suboptimal 
decision-making when decisions are made by looking 
at a problem in isolation, instead of within the context 
of the system in which it occurs. One example of such 
consequences in the food system is the impact of food aid. 
According to Mousseau (2005), despite its purpose being 
the eradication of hunger, “food aid is integrated into policies 
leading to structural food deficits and increased dependency 
on food imports.” This kind of dependency, in combination 
with the limited resources that the poorest countries have 
to finance their imports, has actually led to an increase in 
poverty and hunger (Mousseau, 2005).

Archetypes
Some well-known patterns of behaviours which frequently 
lead to impacts in systems are called archetypes. The 
dynamics of these problems and how to best address 
them are well understood, and yet, the same types of 
mistakes in decision-making continue to occur. Some of 
these archetypes include the tragedy of the commons and 
burden shifting (reducing symptoms in the short-term erode 
the ability to address other goals). Here we provide a few 
examples of archetypes within the food system and we return 
to a discussion of archetypes later in the report to evaluate 
different strategies.

PATTERNS OF 
BEHAVIOURS 
WHICH 
FREQUENTLY 
LEAD TO IMPACTS 
IN SYSTEMS 
ARE CALLED 
ARCHETYPES
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The fixes that fail archetype describes a scenario in which short-term solutions increase 
the problem in the long term. The cycle is a balancing loop within a stabilized system, 
which perpetuates behaviour patterns over a long time, often in undesirable ways. Donella 
Meadows writes that “despite efforts to invent technological or policy ‘fixes,’ the system 
seems to be intractably stuck, producing the same behaviour every year” (Meadows, 2008). 
Looking at the food production industry, we can find a classic example of this archetype: 
the solution to strengthen the short-term resilience of livestock and aquaculture through 
antibiotics increases their vulnerability in the future. 

The issue
Antibiotics are one of medicine’s most powerful tools against potentially deadly infections. 
Misuse of antibiotics however, leads to antibiotic-resistant strains of bacteria, posing a 
health risk for humans. The majority of antibiotic use globally, and more specifically in 
Europe, is attributed to livestock use (Landers, Cohen, Wittum, & Larson, 2012, Who, 2011). 
Antibiotics are poorly absorbed in the gut of livestock animals and make their way into the 
environment after being excreted. They have been found in groundwater, surface waters, 
and marine sediments. Some of the antibiotics fed to animals end up in our food supply and 
environment, contributing to the increasing problem of antibiotic resistance in strains of 
bacteria (Landers et al., 2012). 

How it works
Looking at the causal loop diagram in Figure 2, we can see that the state of the food supply 
system is determined by both its demand in the market, as well as the use of antibiotics 
(which ensures this supply of livestock). However, the corrective action of using antibiotics 
can also lead to unintended consequences; the more the cycle continues, the larger the 
likelihood for increased antibiotic resistance, which has a detrimental effect on livestock 
yields in the long-term. 

Moving beyond the archetype
The only way to prevent this consequence is to find an effective point at which to break the 
cycle. One intervention could be to bypass the cycle entirely by increasing livestock yield to 
meet the demand through means besides the use of antimicrobials (for example through 
changes in husbandry and effective biosecurity routines). Another possibility could be to 
change one element to prevent just the unintended consequence. For example, the cycle 
could remain unchanged while the element of antibiotic use could be altered, restricting use 
of newly discovered antibiotic classes to human health care only (Bengtsson and Greko, 
2014), thereby also preventing the unintended consequence of antibiotic resistance.

Fixes That Fail archetype
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Figure 2: Fixes that fail archetype for antibiotics
In this causal loop diagram, arrows represent the direction of change, while the plus or 
minus symbols show whether the element at the end of the arrow is increased (+) or 
decreased (-) by the other element. A double line through an arrow means that the effect 
has a time delay.
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The addiction archetype describes a more specific scenario of the fixes that fail archetype, 
in which a short-term solution is applied again and again, deteriorating its effect at each 
passing. The more the temporary fix is used, the less effective it becomes, and the worse 
the long-term problem becomes. In crop production, this is widely seen when farmers utilize 
fertilizers to increase yields in ways that deteriorate long-term soil quality.
 
The issue
Many modern agricultural practices include using synthetic fertilizers from industrial 
production, which means that nutrient cycles are not dependent on the boundaries 
inherent in natural systems, which often results in nutrient imbalances (Billen, Garnier, & 
Lassaletta, 2013). In Europe in 2012, around 21,8 million tonnes of nitrogen were deposited 
on agricultural land, 46% due to fertilizer use. At the same time, only 13,9 million tonnes of 
nitrogen was utilized by crops, leaving 8 million tons, or 36% of the nitrogen left in the soil 
(Eurostat, 2012). The nitrification of excessive nitrogen fertilizer (through which bacteria 
turn ammonia into nitrite), can lead to acidification of soils (Han et al., 2015). This, in turn, 
leads to decreased soil fertility, lower crop yields, and poor water quality.
 
How it works
In Figure 3, the main cycle represents the reinforcing feedback loop of using fertilizer 
to provide the nutrients for crops, while the smaller cycle to the right indicates the 
consequences of this addiction: the decreasing soil quality. Although adding nitrogen and 
phosphorous to the soil through fertilizers might create a higher yield on the short-term, 
it also leads to a nutrient imbalance in the soil. Over time, this reduces the soil quality by 
creating suboptimal conditions (for example for soil microfauna), which in turn deepens the 
dependency on additional fertilizers.
 
Moving beyond the archetype
Although farmers may try to treat soil by adding lime to reduce acidity, or attempt to recover 
nitrogen and phosphorous from agricultural waste streams in order to create new fertilizer, 
these practices essentially address the symptoms of the problem and do not change the 
basic nature of the nutrient dependency cycle. 

At the same time, simply removing the use of synthetic fertilizers is not possible without 
losing the positive outcomes of the cycle. With drug addictions, treating the addiction 
requires not only removing the drug, but also providing an alternate pathway forward. 
Similarly, a more effective long-term solution would replace fertilizer use with retaining high 
levels of nutrients in soils by cultivating a healthy soil ecosystem of microbes and insects. 
This solution would involve a number of practices to avoid excessive disruption of the soil 
environment, which may be either mechanical or chemical. A number of agroecological 
approaches lend themselves to this approach.

Addiction archetype
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Figure 3: Addition archetype for fertilizer use
In this causal loop diagram, arrows represent the direction of change, while the plus or 
minus symbols show whether the element at the end of the arrow is increased (+) or 
decreased (-) by the other element. A double line through an arrow means that the effect 
has a time delay.
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2.1 WHAT IS LEVERAGE?
Leverage points are often described in systems thinking 
literature as a kind of “silver bullet” solution to solving 
systemic problems. The idea is that simply by first identifying 
and then focusing effort on leverage points, your efforts 
can result in a disproportionately large positive impact with 
very little effort. However, this description is somewhat 
misleading. In reality, leverage points, as described by 
Meadows (1999, 2001), are simply any place in the system 
where change in one element or process within the system 
can have a systemic effect. Discovering leverage points is 
not the solution, as a leverage point alone does not tell you 
how the system is being changed, or whether the change is in 
a positive direction. 

What we are actually looking for is not only effective leverage 
points (or the place where change needs to occur), but also 
an understanding of what it is we are trying to change and 
how we are going to change it. Effective leverage occurs 
where the mechanism for change is feasible, and, when 
enacted, will shift the system in a desirable direction (one in 
which a target outcome is achieved while minimizing other 
non-target effects).

We use the analogy of a lever as a starting point for 
explaining leverage (see Figure 4). The idea is that you are 
trying to shift the outcome of the system away from the state 
in which the negative impacts are occurring. In the leverage 
analogy, the impacts or targeted outcomes are similar to 
the weights you are trying to move. Some examples of 
weights include soil erosion, CO2 emissions, or food waste. 
The leverage points, or fulcrums, can be described as 
the contributing elements or processes which need to be 
shifted in the system to create change. This could include 
soil management practices, vehicle purchasing, or food 
storage and cooking. Finally, the levers are the mechanisms 
or strategies for change, which are made up of different 
interventions that can be implemented, such as education, 
policy, or subsidies.

LEVERAGE 
POINTS ARE A 
PLACE IN THE 
SYSTEM WHERE 
CHANGE IN ONE 
ELEMENT OR 
PROCESS CAN 
HAVE A SYSTEMIC 
EFFECT.

WE USE THE 
ANALOGY OF 
A LEVER AS A 
STARTING POINT 
FOR EXPLAINING 
LEVERAGE.
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LEVERS:
INTERVENTIONSWEIGHTS:

IMPACTS

FULCRUM:
PROCESSES Figure 4: 

Lever analogy

2.2 EXPLANATION OF METHODOLOGY
Defining what high leverage is makes it clear that we are not only searching 
for one thing in a system, but the combination of three things, which together 
define a high-leverage strategy. We ask three big questions to find leverage and 
we follow a three-step process, which mirrors the analogy, to identify where to 
focus. The three big questions and the steps we use to answer them are given in 
the table below.

01 WEIGHTS:

What targeted outcomes 
or impacts of the system 
need to be changed most 

urgently?

Step 1: Identify the 
largest problems or 

system outcomes which 
are most relevant within 
the scope of the system.

02 FULCRUMS: 

Where in the system are 
processes which need to 
be shifted or interrupted 
to make these changes 

happen?

Step 2: Map out the 
system and identify key 

processes based on 
their contribution to the 

problems

03 LEVERS:

How do you shift or interrupt 
the processes effectively 

without leading to negative 
consequences in other parts 

of the system?

Step 3: Design interventions 
and evaluate the feasibility 

and desirability of these 
interventions within the 

context of the entire system.
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The structure of the following three chapters mirrors this 
three-step process:

The first question in Chapter 3 is:
What needs to be changed the most urgently? We identify 
and highlight the impacts we see in the European food 
system that are the most problematic. There is a short 
discussion of how you should prioritize impacts, which can 
be used as a guide for organizations to internally determine 
priority areas.

Chapter 4 answers the question: 
Where does change need to happen to transition the system 
to a more sustainable state? Using systems analysis, the 
essential processes that must be interrupted are identified. 
We identify these processes by implementing a systems 
mapping exercise, connecting outcomes with systemic 
elements that act as drivers. This exercise is one that 
organizations can also use to visualize and understand how a 
system is functioning.

Chapter 5 asks: 
How is it possible to effectively interrupt or alter the 
processes that need to be changed? A few essential 
processes are illustrated using archetypes, in order to provide 
insight into where interventions are possible. We introduce 
a framework for evaluating feasibility and effectiveness 
of interventions and provide a sample evaluation and 
conclusions. 

WHAT NEEDS TO 
BE CHANGED THE 
MOST URGENTLY?

WHERE DOES 
CHANGE NEED TO 
HAPPEN?

HOW IS IT 
POSSIBLE TO 
INTERRUPT 
OR ALTER THE 
PROCESSES 
THAT NEED TO BE 
CHANGED?
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To identify which parts of the European food system are most in need of 
change, we must first answer the question of where the food system leads to 
the greatest impacts, both directly and indirectly. In this chapter we facilitate the 
conversation by providing an overview of the most important biophysical and 
humanitarian impacts of the European food system that we have identified out 
of the sub-selection of topics we investigated.

Metabolic previously developed a framework for impacts within the food system 
(Gladek et al., 2016), where we identified 11 main impact categories, which we 
apply again here:

Europe contributes to these impacts related to the food system directly, through 
production and consumption of food, and indirectly, mainly through trade, 
knowledge transfer, and development aid. On the following pages, we briefly 
illustrate the extent to which the food system contributes to each of these 
impact types with infographics of direct and indirect impacts. The purpose is not 
to be exhaustive, but to provide a quick look into the most pressing issues.

3.1 LARGEST IMPACTS TO ADDRESS IN THE EU FOOD 
SYSTEM
Considering all the different types of impacts associated with the global food 
system, we carried out research on the main issues at play on the European 
scale. While our research is far from exhaustive, there are a few criteria which 
help to identify which impacts to prioritize, including: 

Ultimately all biophysical impacts lead 
to a loss in biospheric integrity, an apex 
impact category. The impact categories 
of interest in relation to biospheric 
integrity are:

• Land systems change
• Water management
• Climate change
• Novel entities
• Solid waste
• Biogeochemical flows

Besides environmental impacts, the 
European food system contributes to a 
range of social and economic impacts, 
which are ultimately categorized under 
the overarching group of Human Health 
and Wellbeing. These impacts are: 

• Labour and livelihoods
• Food security and nutrition
• Food safety and health
• Animal welfare
• Preservation of culture and heritage
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Long-term, irreversible impacts, which should be prioritized above 
all else 
• Tipping points in the European food system should be identified and carefully 

avoided. Aside from the extinction of key species and biodiversity loss, other 
areas where tipping points in the food system are likely to be found include 
the effects of climate change, disruption to biogeochemical cycles through the 
input of excess nutrients, or loss of cultural heritage through the extinction of 
languages, practices, or institutions. 

• Once complex properties of the system such as biodiversity, or culture and 
heritage are lost they are likely never to emerge in the same form again. 

Impacts which will undermine the ability of the earth to provide a 
safe operating space for humans 
• The Stockholm Resilience Centre’s Planetary Boundaries define limitations 

for different biological levels in which humans can safely thrive. Boundaries 
which have already been crossed or are nearing these thresholds should be 
prioritized. At the moment, the boundaries for biodiversity loss, the nitrogen 
cycle, and the phosphorus cycle have been crossed, and these issues should 
receive the most attention for this reason.

Impacts for which the outcomes for people or environment have a 
high degree of uncertainty
• The emissions of novel entities and atmospheric aerosols are examples of 

impacts for which the effects are unknown or uncertain. For these impacts, it 
is impossible to define safe limits or understand what the long-term effects are 
of exceeding limits. According to the precautionary principle, these risks are 
unacceptable outcomes to allow to continue.

On the following pages, we highlight some of our main takeaways in terms 
of the largest and most significant outcomes within Europe itself and on the 
global system as a result of the European food system, considering both the 
criteria just described and the scope and magnitude of certain impacts. This 
overview depicts some of the impacts, or ‘weights’ in our analogy, which we 
see as the most pressing issues to consider based on our criteria. However, 
other organizations with different expertise or focus may prioritize other issues 
beyond the ones we have highlighted. While the following chapters go into 
further detail on some of the problems we identified, this same process can be 
followed irrespective of the target outcomes selected as a starting point.
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3.2 DIRECT OUTCOMES OF THE EUROPEAN FOOD 
SYSTEM

EUROPE’S TRADITIONAL FOODS AND FOOD PRODUCTION SYSTEMS ARE 
DISAPPEARING
• The Mediterranean diet has declined by 42,5% in Mediterranean European 

countries within the past 40 years (Da Silva et. al., 2009).
• From 2007 to 2010 small farmers owning less than 10 ha lost control over 

17% of their land, an area bigger than Switzerland. In contrast, the arable land 
occupied by large farms in the EU slightly increased (+4%) between 2003 and 
2010 (European Parliament, 2015).

• Intensive farming in Europe is well on the rise as cropping intensity is projected 
to increase from 63% in 2009 to 83% by 2050 (FAO, 2011).

EUROPEANS EXCEED THEIR FAIR SHARE IN TERMS OF FOOD PRODUCTION 
INPUTS, CONTRIBUTING TO A GREATER SHARE OF THE IMPACTS
• Europeans make up only around 11% of the global population, while around a 

third of global fishing vessels are European (FAO, 2015).
• Europeans consume 45% of global pesticides (De, Bose, Kumar, Mozumdar, 

2014).
• 34% of all tractors in the world  (8,5M) are in use in the EU (WorldBank, 2000).
• Out of the global seed market, Europe is responsible for a 20% share of the 

market (Ragonnaud, 2013).

LONG-TERM FOOD PRODUCTION IN EUROPE IS UNDER THREAT FROM 
CURRENT AGRICULTURAL PRACTICES
• Soil erosion is higher than formation in Europe, while agriculture is responsible 

for 70% of erosion (Verheijen, Jones, Rickson, & Smith, 2009).
• Desertification is already a problem in Mediterranean countries of Europe 

(Yassoglou & Kosmas, 2000).
• Without insect pollination, agricultural production in Europe would be reduced 

by 25-32%, while agriculture itself is one of the main contributors to pollinator 
decline (Zulian, Maes, & Paracchini, 2013).

• It is estimated that honeybee populations in particular have declined by around 
25% in Europe in recent decades (Greenpeace Laboratories Research, 2013).

• Around 12,6% of agricultural land lies within river basins where water 
extraction is higher than recharge (World Resources Institute, 2015, FAO, 2015).
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EUROPE’S FOOD SYSTEM IS HIGHLY CONSOLIDATED, WHILE SMALLER 
PLAYERS FIND IT DIFFICULT TO KEEP UP
• The top 6% of large farms controlled 67% of agricultural land in Europe in 2010 

(Eurostat, 2015).
• In 2010, nearly two-thirds of the cattle in Europe was kept on holdings with 

more than 100 LSU (standardized livestock units), while around 70% of 
livestock holdings with pigs had 1000 or more pigs (Eurostat, n.d.).

• The top 10 food retailers hold a nearly 40% market share. (Regiodata, 2014).

FOOD PRODUCTION IS ONE OF THE LARGEST CONTRIBUTORS TO 
ENVIRONMENTAL DEGRADATION WITHIN EUROPE
• Aquaculture alone is responsible for 13% of all aquatic invasive species 

introduced to Europe (Nunes, Katsanevakis, Zenetos, & Cardoso, 2014).
• Food production activities threaten more than 500 endangered and threatened 

species within Europe (IUCN, 2015).
• In 2012, around 7,8 million tonnes of nitrogen was deposited on agricultural 

lands that was not utilized by plants and entered the environment (Eurostat, 
2012), contributing to eutrophication. 

• Around 62% of the nitrogen entering rivers and 55% entering marine 
environments originates from agricultures (van Grinsven et al, 2015).

• Around 3,8 kg pesticides were applied per hectare agricultural land in 2010 
(FAO, 2015). 

EUROPEAN CONSUMPTION HABITS ARE UNHEALTHY AND UNSUSTAINABLE 
• 60% of Europeans are overweight or obese, which may rise to 90% by 2030 

(International Association for the Study of Obesity, 2015). The respective 
global obesity levels are nearly 30% (McKinsey Global Institute, 2014).

• In 2001, 43,5% of total food expenditure in the EU was processed foods 
(Gracia, 2001), while food processing is highly energy intensive;  28% of 
embodied energy in European diets is due to food processing (Eurostat, 2015), 
while 1000 calories of energy is used during food processing for every single 
calorie in the final food product (Horrigan, Lawrence, and Walker, 2002).

• Europeans waste approximately 280 kg food per capita per year, compared to  
the global average of 210 kg (FAO, 2011).
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3.3 INDIRECT OUTCOMES OF THE EUROPEAN FOOD 
SYSTEM

EUROPE IS A NET IMPORTER OF GLOBAL EMBODIED IMPACTS OF FOOD 
PRODUCTION
• 42% of Europe’s water footprint is displaced to countries outside of Europe 

(Food and Agriculture Organization of the United Nations, 2010, Steen-Olsen et 
al., 2012).

• The EU imports 10% of the world’s embodied deforestation (European 
Commission, 2013).

• Europe is also a net importer of land footprint (Steen-Olsen, Weinzettel, 
Cranston, Ercin, & Hertwich, 2012).

EUROPE CONTROLS A LARGE SHARE OF THE GLOBAL FOOD CHAIN
• Of the top 100 largest supermarket chains globally, 63 are owned by 

Europeans (Regmi & Gehlhar, 2005).
• 35 of the top 50 largest food processors globally are European companies, 

including two of the top three: Nestle and Unilever (Regmi & Gehlhar, 2005).
• The EU market share in global exports is shrinking- from 20,4% in 2000, to 

17.8 in 2011- however it remains the world’s largest exporter of food and drink 
products (FoodDrinkEurope, 2012). Food exports from Europe can push smaller 
farmers out of business in importing countries, particularly when subsidies 
lower the prices of European food and distort markets (Willem et al, 2014). 

EUROPE IS A MAJOR EXPORTER OF KEY AGRICULTURAL INPUTS, 
KNOWLEDGE, AND TECHNOLOGIES
• The top three agrochemical companies globally are European. Bayer, Syngenta, 

and BASF alone made up 49% of the global agrochemical industry in 2007 
(ETC group, 2008).

• Development aid from Europe has provided many small-scale farmers with 
seeds, tools, and cash to help them escape poverty (European Union, 2014).

• Five of the top ten seed companies globally are European. Bayer, Syngenta, 
and Limagrain alone make up 27% of the global vegetable seed market 
(Ragonnaud, 2013).
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EUROPEANS CONSUME MORE THAN THEIR FAIR SHARE OF GLOBAL FOOD 
PRODUCTION
• Europeans make up only 11% of the global population, but consume 15% of the 

world’s food (FAO, 2015). 
• Europeans consume around 34% more calories than the global average (FAO, 

2015).
• Europe imports a particularly large share of the world’s production of specific 

commodities. Some examples include coffee and cocoa, of which Europe 
consumes around 60% (FAO, 2015).

• Europe imports nearly 1/3 of Brazil’s soy production (van Gelder, Kammeraat, 
Kroes, 2008).

EUROPE PLAYS A STRONG ROLE IN INTERNATIONAL AFFAIRS THAT AFFECT 
GLOBAL FOOD PRODUCTION
• The European Union is the largest donor of official development assistance 

(European Union, 2014)
• Some development aid in the past was targeted towards funding commodity 

associations and supporting commodity sectors, ignoring staple crop 
production and small-scale farmers (Pelum Association y Practial Action, 
2005).

• Structural adjustment programs associated with World Bank or IMF funding 
often increases dependency of recipient countries on aid and reduces food 
self-sufficiency by encouraging farmers to switch to export crop production 
(Heidhues & Obare, 20111, Mousseau & Mittal, 2006, Shah, 2007).



PROCESSES30



PROCESSES 31
INTRODUCTION

M
ETHODOLOGY

IM
PACTS

PROCESSES
INTERVENTIONS

ROADM
AP

CONCLUSIONS
REFERENCES

Where does change need to 
happen to transition the system 

to a more sustainable state?



PROCESSES32

4.1 IDENTIFYING WHERE IN THE FOOD 
SYSTEM TO FOCUS
Now that we have identified the main outcomes and 
problems that we would like to address in the food system, 
we need to answer the question of where, in the food 
system, to make change happen. After identifying some of 
the main impacts within the European food system, the next 
step is a systems mapping exercise to better understand 
the interconnections related to the target outcomes. We 
performed a systems mapping exercise over the course of a 
week with a small interdisciplinary team at Metabolic, which 
is described below. This process could easily be replicated 
with any team of experts by following the same approach.

Figure 5 provides a simplified illustration of the systems 
mapping exercise. In this process, you begin with the target 
outcomes broken up into smaller problems, as shown on 
the right side of the figure. The next step involves identifying 
all of the primary processes and behaviours (e.g. fertilizer 
application) which are drivers of these target outcomes. 
These processes and behaviours are then linked to 
structures (e.g. subsidy structures, market prices), which are 
subsequently linked to the core system goals and mental 
models (such as paradigms), which drive the entire system. 
This provides the baseline for seeing the system as a whole 
and beginning to understand the interconnections which 
result in impacts. 

After the system is mapped out, from the impacts to the 
system goals and mental models at the core of the system, 
we quantify the connections as much as possible with 
available data to provide insight into the scope of different 
connections. This information enhances the picture, now 
depicting both the number and the strength of driving 
elements.

WE NEED TO 
ANSWER THE 
QUESTION OF 
WHERE IN THE 
FOOD SYSTEM   
TO FOCUS.
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Figure 5: Simplified diagram of our systems map

After mapping the system, we used a set of criteria to identify the most essential 
processes which are crucial in determining the negative outcomes of the 
system. The criteria we use for selection of these processes from the systems 
map include: 

1.  Processes which contribute to a large number of different impacts across the 
system

2.  Processes which lead to a disproportionately large part of a single impact, and

3.  Processes which contribute to reinforcing feedback loops (think back to 
the archetype of addiction presented in the introduction) and will perpetuate 
impacts endlessly, unless interrupted

SYSTEM GOALS &
MENTAL MODELS STRUCTURES PROCESS &

BEHAVIOURS
IMPACT

SUBCOMPONENTS IMPACTS
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4.2 MOST IMPORTANT EU FOOD SYSTEM 
PROCESSES
Using our criteria, we identified 22 processes and behaviours 
which we believe contribute most significantly to the negative 
impacts of the European food system. We estimate that 
shifting these processes to a more sustainable state, or in 
some cases interrupting them entirely, would address the 
largest share of the impacts that arise from the system. The 
identified processes and behaviours are: 

• Synthetic fertilizer application
• Pesticide application
• Monoculture-based production
• Conversion of natural land to agriculture
• Tilling and harvesting  practices 
• Irrigation
• Large-scale livestock production
• Intensive livestock production
• Production and processing of animal feed
• Fishing (effort) 
• Fishing practices
• Manure management
• Waste management practices
• Food waste
• Adoption of homogenized agriculture
• Treatment of labourers
• Subsistence and semi-subsistence farming
• Privatisation of land by European investors
• Exports of European food to global markets
• Heating and cooling in food processing and transportation
• Food processing
• Consumption of processed food

It is important to note that many of these processes lead to 
positive as well as negative outcomes, depending on how 
they are implemented. For this reason, sometimes it is more 
desirable to transition the process to a more sustainable 
version (and preserve the positive impacts it leads to where 
possible), while at other times it may be more desirable to 

WE ESTIMATE 
THAT SHIFTING 
THESE  22 
PROCESSES 
WOULD ADDRESS 
THE LARGEST 
SHARE OF 
IMPACTS.

MANY OF THESE 
PROCESSES LEAD 
TO POSITIVE 
AS WELL AS 
NEGATIVE 
OUTCOMES.
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WE EXPLORE 
TWO PROCESSES 
IN MORE DETAIL 
TO ILLUSTRATE 
WHERE THEY FIT 
IN THE LARGER 
SYSTEM.

transition away from the process entirely (when it does not 
also lead to positive outcomes). 

The following chapter goes into details of how to intervene 
in the system to create change, but first, we explore the 
processes in more detail to illustrate where the process fits 
into the larger system and where interventions are possible. 
While we worked out this picture around each of the 22 
processes, we only provide two examples here for the sake 
of brevity. The two processes selected for illustration on 
the following pages are synthetic fertilizer application and 
exports of European food, which are particularly relevant for 
the current hot topic of reform of the European Common 
Agricultural Policy (CAP). Additionally, these processes are 
associated with priority impacts, as discussed here:

Synthetic fertilizer application contributes directly to one 
of the most severely transgressed planetary boundaries: 
biogeochemical flows. Additionally, through acidification and 
eutrophication of soils and water, it contributes to biodiversity 
loss, the other severely transgressed planetary boundary. 
In addition to these effects, long-term nutrient excesses 
decrease soil quality and undermine soil productivity, which 
is a threat for future food security.

The export of European food to global markets currently 
leads to indirect effects which threaten the livelihood of 
farmers, food security, cultural diversity, and biodiversity 
indirectly. With subsidies in place which depress European 
food prices, farmers in developing countries find it difficult 
to compete. When not pushed out of farming entirely, many 
farmers adopt Western production methods and crop 
varieties in order to compete, leading to biodiversity loss. 
Exports of highly processed European food leads to lower 
quality diets and less traditional diets.
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4.3 PROCESS INFOGRAPHICS

Synthetic fertilizer consumption
Whereas traditional agricultural systems rely on semi-natural production 
systems for fertilizer, current production systems have shifted towards synthetic 
fertilizers which are not naturally limited. Now that it is possible to create 
synthetic fertilizer with industrial production, the use of fertilizer is entirely 
disconnected from natural systems (Billen, Garnier, & Lassaletta, 2013).

Synthetic fertilizer production requires fossil fuel use, contributing to resource 
depletion and emissions. In addition, the excess amounts of nitrogen and 
phosphorus included in these types of fertilizers cannot be fully absorbed by 
plants, which creates a situation of an overly nutrient-saturated soil, which 
can affect crop yields (Spectrum Analytic, 2014). Additionally, nitrification of 
excess nitrogen can cause soil salinization (Han, Shi, Zeng, Xu, & Wu, 2015). 
The application of only nitrogen without carbon can lead to a decrease in 
soil organic matter, as a result of carbon mineralisation from acidifying 
fertilizers (G. L. Velthof et al., 2014). Soil organic carbon is highly important for 
agricultural productivity as it increases the fertility of soils, as well as aeration, 
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Figure 6:  Infographic of synthetic fertilizer consumption
This graphic depicts the issue of fertilizer consumption in the four levels of thinking model, 
showing how different types of interventions can either make a process unnecessary 
(through deeper interventions) or change how a process is done, reducing the negative 
outcome.

Interventions to reduce synthetic fertilizer use
• Closed-loop systems like aquaponics or hydroponics
• New technologies and techniques that increase soil fertility 
• Taxes on synthetic fertilizers
• Closing nutrient cycles in urban environments

Interventions to prevent the impacts of synthetic fertilizer use
• New technologies and techniques for nutrient removal from soils and water
• Practical training programs and funding for farmers
• Improvements in fertilizer composition or functionality

water infiltration, pH buffering, and provides a food source for soil-forming 
microorganisms (Jones, Hiederer, Rusco, & Montanarella, 2005). These effects 
on agricultural soils contribute to increased erosion and degradation and 
threaten long-term productivity of Europe’s agricultural systems.

Finally, excess nutrients escape to water bodies, which can result in killing 
off aquatic life and becoming a human health hazard. Higher nutrient loads 
in the environment and nitrogen deposition can affect the composition of 
species, leading to the loss of biodiversity. Oligotrophic species that thrive 
in nutrient-poor soils are replaced by eutrophic species that thrive in high 
nutrient environments, which has been observed in European forests (Dirnböck 
et al., 2014). The largest effects of excess nutrients however, are in aquatic 
environments. Nutrient-rich water entering marine ecosystems via European 
rivers leads to increased growth of phytoplankton and algae, which can deplete 
marine oxygen concentrations and promote the risk of harmful algal blooms. 
These effects lead to loss of benthic fauna and the risk of shellfish poisoning for 
humans (Romero et al., 2013). 

In addition to all of these direct effects of synthetic fertilizer consumption within 
Europe, Europe is also a net fertilizer exporter (Romero et al., 2013), contributing 
to indirect effects globally as well as locally.
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Exports of European food
The exports of European food (also in the form of food aid) is one of the main 
mechanisms by which the European food system affects global food security, 
labour and livelihoods, and culture and heritage. Ultimately, food exports 
affects the agriculture of developing countries and results indirectly in effects 
on biodiversity. This topic is closely related to European agricultural subsidies, 
which some might say leads to food dumping and gives European producers 
an unfair advantage over smaller farmers in developing countries without high 
subsidies. The Overseas Development Institute (ODI) conducted a study of CAP 
and its potential reforms and concluded that even though subsidies for exports 
have been removed from the CAP, a number of trade-distorting features remain 
in the current CAP, such as import tariffs, direct decoupled payments, and export 
subsidies  (Willem et al., 2014). Though Europe is shifting away from food aid as 
a type of development aid, it still contributes to floods of cheap European foods 
on markets of developing countries.
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Figure 7: Infographic of European food exports
This graphic depicts the issue of food exports from Europe in the four levels of thinking 
model, showing how different types of interventions can either make a process unnecessary 
(through deeper interventions) or change how a process is done, reducing the negative 
outcome.

Cheap food in the markets of developing countries reduces the opportunities for 
domestic farmers to enter the market or gain access to inputs and knowledge 
necessary for food production, which decreases food security. Farmers 
struggling to compete with European prices often switch to more industrial 
farming methods and crop varieties. The result is a loss of crop genetic diversity 
and farmers using less sustainable agricultural practices, which can lead to 
biodiversity loss and reduce the productivity of agricultural land over time. While 
switching to Western farming methods means a loss of traditional practices, the 
export of cheap processed food can also reduce the consumption of traditional 
foods, leading to a loss of culture and heritage through dietary changes. 

Interventions to reduce food exports
• Reduce European agricultural subsidies
• Ensure NGOs select solutions to address hunger on the long-term
• Prevent dumping through food aid

Interventions to prevent the impacts of food exports
• Convince EU food processors to produce traditional and culturally differentiated food for 

exports
• Ensure trade agreements focus on food self-sufficiency over trade liberalization
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5.1 FORMULATING INTERVENTIONS

What exactly are interventions?
After we have identified the most important impacts or target outcomes, as well 
as the processes which need to be addressed to affect them, we need to decide 
how to make the right kind of changes happen. Interventions are actions which 
interrupt an undesirable process in order to change it. The goal of an intervention 
is the prevention of negative outcomes, which would perpetuate over time 
without systemic change. While leverage points are targeted processes of 
key influence within a system, interventions are the mechanisms by which the 
change happens. A leverage point within the European food system, such as the 
use of synthetic fertilizers, may be influenced by a variety of interventions such 
as fertilizer taxes, environmental regulations, certification schemes (e.g. SKAL), 
or consumer awareness campaigns. 

Figure 8: 
Archetype addiction for fertilizer 
use with interventions
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Lobbying for subsidies 
to implement symbiotic 
processes and 
technologies which 
increase soil fertility 
without fertilizers

Fund research on symbiotic 
agricultural processes and 
technologies that increase 
soil fertility

Research technologies for 
nutrient recovery/ removal 
from soils and water

Promote the income 
diversification benefits 
and cost-savings from 
practices that increase 
soil fertility 
(ie. polycultures, etc)

Lobby for taxes on 
synthetic fertilizers

Decreases agricultural 
production
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Figure 9: 
Path dependence archetype for European food 
exports to developing countries with interventions
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In the previous chapter, we mentioned that interventions can be targeted at 
two different levels: to prevent a process from occurring or to maintain the 
process but improve it to avoid the undesirable outcomes. While this is a useful 
way to frame what it is you are trying to interrupt with an intervention, in reality 
this is an oversimplification. Before we explore feasibility and effectiveness 
of different interventions in the following sections, we return to the examples 
of archetypes, applied to issues around synthetic fertilizer use and exports of 
European food to illustrate possible interventions. Mapping out archetypes aids 
in seeing where interventions would actually address the problems and can also 
provide insight into potential trade-offs or unintended consequences related to 
these interventions. These two examples show the archetypes, along with the 
locations of potential interventions.
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5.2 EVALUATING INTERVENTIONS

Types of interventions
For each of the 22 processes, we produced a sample set of interventions. First, 
we researched general mechanisms for creating change that are already within 
the realm of what organizations can work on to create change in the European 
food system, though this list is by no means exhaustive. The interventions fall 
into one of the following categories of activities we define.

1. Lobbying within Europe
2. Campaigning for legislation
3. Putting political pressure directly on 

delegates/leaders
4. Working in a coalition of NGOs
5. Funding and publishing research 
6. Consumer awareness campaigns
7. Endorsing other companies, NGOs, etc.
8. Participating in international 

negotiations
9. Partnerships with various sectors of 

government 

10. Working with local government and 
communities

11. Setting up revolving investment 
funds for sustainable businesses

12. Bringing together companies and 
experts 

13. Promoting adoption of standards, 
certifications, and frameworks

14. Disseminating knowledge/tools to 
farmers

15. Disseminating knowledge/tools to 
companies



INTERVENTIONS 45

Evaluating the outcomes of interventions
To evaluate the total expected impact of an intervention, we use the formula:

Impact = Feasibility x Effectiveness

Feasibility and effectiveness are evaluated separately and then brought together 
for a final score, as described here. Our team worked through the evaluation, 
though a similar process could be implemented by any group of experts.

Most feasible interventionLeast feasible intervention Most effective interventionLeast effective intervention

Most feasible interventionLeast feasible intervention

EffectivenessFeasibility

Impact
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STEP 1: EVALUATING FEASIBILITY

With feasibility, the main question is: How difficult will it be to successfully 
implement the intervention, given the barriers that exist? The feasibility of the 
interventions were ranked according to five dimensions of feasibility:

• Social feasibility: The relationship between the effort put into creating change 
through the intervention and the chance of the change occurring. In this case, 
the effort would take into account the number of people whose minds would 
need to be changed, while the chance of occurrence would take into account 
potential social barriers, such as conflicting paradigms.

• Economic feasibility: The relationship between the amount of money that 
would need to be spent to create change and the chance of that change 
occurring. For example, R&D and lobbying has a generally low economic 
feasibility since they are costly and have no guarantee of success.

• Practical feasibility: The relationship between the practical barriers to making 
change and the chance of change occurring. Practical barriers would include 
the number of people that would need to be mobilized, schedules, distance 
that would need to be travelled, and any physical limitations that exist. 

• Political feasibility: The relationship between political barriers and the chance 
of change occurring. For example, if an intervention is difficult to promote in 
the current political system and the chance of the change happening is also 
very low, then political feasibility would be low.

• Technical feasibility: The relationship between the state of current technology 
and knowledge and the level that is needed to achieve the desired change. In 
other words, this dimension would take into account whether or not we have 
the means to execute the desired plan.

The interventions were ranked within each of the dimensions and then the 
dimensions themselves were ranked according to their relevance for changing a 
certain process. The result is a matrix where the most feasible interventions end 
up in one quadrant (see Figure 10).
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Figure 10: Matrix for determining feasibility

Most feasible interventionLeast feasible intervention
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STEP 2: EVALUATING EFFECTIVENESS

The main question regarding effectiveness is: If the intervention is fully 
implemented, what share of the negative impacts of the system can be 
mitigated? A very feasible intervention, for example, is less of a priority if it has a 
negligible effect. 

To determine effectiveness of interventions, we consider what the maximum 
theoretical effect of an intervention would be. For example, the maximum 
theoretical effect of banning an agricultural practice would be that practice 
being reduced to near zero, while education of farmers on a new practice would 
be limited by the adoption rate. From the theoretical maximum effect, we try to 
determine the share of the main impact that the intervention would mitigate. 

In addition, it is important to consider potential systemic effects: would the 
intervention only change a single outcome, or have an effect in reducing impacts 
across the system? While we ranked the interventions in terms of total effect on 
the main impact area of concern, we also want to take systemic considerations, 
such as cascading effects and potential trade-offs, into account as well. For this 
reason, we also rank the interventions on their potential systemic effects. The 
final result is a matrix similar to the one for feasibility, as shown in Figure 11.
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Figure 11: Matrix for determining effectiveness

Most effective interventionLeast effective intervention
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STEP 3: EVALUATING IMPACT- FEASIBILITY AND EFFECTIVENESS

Finally, we can score the interventions in terms of their total expected impact. 
The scores for both feasibility and effectiveness were normalized to values 
between 0 and 10 and then multiplied for a final score of 0-100. We calculated 
the outcomes for feasibility, effectiveness, and total impact, for each of the 22 
processes. For illustration, we present here the results for synthetic fertilizer use 
and exports of European food.

Synthetic fertilizer use:
A. Fund research on symbiotic agricultural processes and technologies that 
increase soil fertility

B. Lobby for subsidies to implement symbiotic processes and technologies 
which increase soil fertility without fertilizers

C. Lobby for taxes on synthetic fertilizers 

D. Provide information to farmers on desirable practices amongst farmer 
networks through social/new media (through innovative projects)

E. Encourage and support European food processors and retailers to implement 
practical training programs, web resources for farmers that promote the income 
diversification benefits and cost-savings from practices that increase soil fertility 
(such as polycultures, etc.).

F. Fund research and pilot projects for closing nutrient cycles in urban regions 
through urban agriculture.

G. Publish research into techniques and technologies for nutrient recovery/
removal from soils and water.

H. Set up a revolving fund for investments in closed loop systems like 
aquaponics or hydroponics

I. Facilitate partnerships between precision farming companies and farmer’s 
organizations or large food processors with control over their supply chain, to 
improve efficiency of synthetic fertilizer application.
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Figure 12: Matrix for impact evaluation for synthetic 
fertilizer use.

Most feasible interventionLeast feasible intervention
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Exports of European food to global markets:
A. Lobby for the reduction of subsidies which push the price of food very low

B. Work in a coalition of NGOs to ensure that food aid is not used as a means of 
dumping

C. Work in a coalition of NGOs to ensure that long-term solutions are selected 
for addressing hunger over short-term solutions such as food aid

D. Provide food processing companies with information and tools to produce 
and export foods that fit the traditional diets of the importing regions

E. Participate in international negotiations with the goal of encouraging trade 
agreements that focus on food self-sufficiency, over trade liberalization. 



INTERVENTIONS 53

Figure 13: Matrix for impact evaluation for exports of 
European food

Most feasible interventionLeast feasible intervention



INTERVENTIONS54

5.3 KEY FOCUS AREAS
Based on our assumptions, after looking at a selection of interventions for the 
22 high-leverage processes, we identified a few key areas of activity that we 
estimate would be most impactful for organizations to engage in. This is based 
on our estimations of feasibility and effectiveness of interventions, as well 
as activities which have an effect on many different areas. These include the 
following activities:

CAP and CFP reform:
Changes to incentive structures such as the CAP and the CFP ranked generally 
low for feasibility, though very high for effectiveness. The low feasibility is partly 
due to the strong lobby around agriculture and fisheries. Despite this, a handful 
of potential interventions rose to the top, including increased supports for rural 
amenities (such as education), shifting the focus of subsidies away from larger 
farms towards small-scale or traditional farms, and supporting developments in 
urban agriculture through CAP reform. Reductions in overall food subsidies or 
selective reductions in subsidies for specific types of foods (animal products, 
feed crops, etc) did not appear be a viable manner to reduce overall food 
demand or address global trade distortions, due to potential tradeoffs. Reducing 
or eliminating fishing subsidies comes with fewer tradeoffs and scores higher 
for both feasibility and effectiveness than changing agricultural subsidies.

Funding small projects:
Though a large number of potential research and development directions were 
listed as interventions, they generally scored low for potential impact, mainly 
because of uncertainty around successful realization of new innovations. On the 
other hand, the establishment of revolving funds for a number of issues scored 
rather highly. 

Additionally, the establishment of more sustainable agricultural systems, 
such as polycultures, silvopastoralism, urban agriculture, or perennial crops, 
requires larger up-front investments and have a relatively long payback period, 
which forms a barrier to their establishment. Establishing revolving funds for 
these types of activities presents an option for bypassing the difficulties and 
uncertainty involved in trying to change legislation to alter incentive structures, 
allowing the organization to create change in an ideally cost-neutral way.
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Working directly with companies:
Interventions that aim to change consumer demand through awareness 
campaigns all ranked relatively low for feasibility. However, there are a number of 
ways to interact with companies directly that lead to more desirable outcomes. 
Connecting companies and experts and endorsing companies who improve 
their practices both ranked highly as interventions. Another example would 
be bringing together experts and companies around nutrient recovery from 
waste or sustainable aquaculture. Endorsements of companies who go above 
and beyond by reducing waste and consumption of feed crops, or increasing 
labour standards or standards of living for animals, can provide an incentive for 
companies to improve behaviours and simplify more sustainable choices by 
consumers.

Forming partnerships with NGOs:
Privatization of land, hunger, and the loss of culture and heritage are some 
examples of problem areas. As we have seen, these problems are also closely 
related to biodiversity loss. For these types of problems, collaborations with 
NGOs generally scored high for feasibility and effectiveness. In order to ensure 
that global hunger, poverty, and losses of traditional cultivation and dietary 
patterns are addressed sustainably, without further losses to biodiversity, 
collaboration with other NGOs who specialize in these issues may be the best 
path.
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6.1 DEVELOPING A SYSTEMS BASED ROADMAP
With the methods presented in this report, organizations and thought leaders 
can begin to formulate strategies and roadmaps using a process of applied 
systems thinking. Where roadmaps outline which specific interventions should 
be implemented over time to reach a certain end-goal, transition strategies 
outline the different ways in which an organization can go about realizing these 
interventions (the how). In this section, we outline a step-by-step approach for 
developing roadmaps for change, in accordance with the principles of systems 
thinking. 

The practice of road mapping is widespread in the public and private sector 
alike. When developing roadmaps for creating change within complex systems, 
it is highly beneficial to take into account the complexity of navigating many 
interdependent factors over time. Roadmaps produced by planning systemically 
have a number of benefits over conventional roadmaps, including the following 
adapted from Stroh (2015):  

• They incorporate dynamics of reinforcing and balancing feedback, thereby 
representing how complex socio-ecological systems actually behave and how 
interventions will affect these dynamics in the short- and long-run. 

• They optimize the relationships in the system instead of the individual parts 
themselves.

• They include an integrated definition of success, so that a broad range of 
sustainability dimensions can be addressed rather than one or few isolated 
themes.

• They take time delays into account when defining sequence and timing.

• They strive for sustainable improvements both in the short-term and in the 
long-term.
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6.2 A STEP-BY-STEP GUIDE TO ROADMAP 
DEVELOPMENT

We suggest a five-step approach to developing systemic roadmaps, which are:

1. Creating a shared vision
2. Defining end-goals and KPIs
3. Defining a package of interventions
4. Planning the order and timing of interventions
5. Continuous re-evaluation

STEP 1: CREATING A SHARED VISION 

The first steps in any attempt to drive change is the creation of a shared 
understanding of the current state of the system and a shared vision in which 
the change that an organization wants to see is clearly defined. As in any 
organization, there are likely to be differences in the way in which people 
perceive problems and solutions. There may be differences in opinion on which 
impacts should be prioritized (fertilizer use, land use change, or the impact of 
extractive fisheries?), or what the best means is for achieving a change (e.g. 
should there be a focus on production practices or consumer behaviour?), while 
addressing these differences is key to steering an organization. 

Systems thinking can help overcome potential differences within the 
organization by:

• Making all those involved aware of the mental paradigms that drive the 
behaviour of people, departments, and offices within the organization. 

• Taking the discussion beyond actions and events to find common ground and 
a shared vision for change, even where there are more superficial differences 
at first sight.

• Letting all stakeholders involved see what their role is within the bigger picture 
and how they can contribute to realizing the shared vision.
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STEP 2: DEFINING SPECIFIC END-GOALS AND KPIS

Once a vision is clearly outlined, specific goals need to be formulated, ideally 
accompanied by key-performance indicators that can measure progress towards 
these goals. To achieve meaningful results, goals should be aimed at creating 
structural, lasting change. Thus, they should ideally not address symptoms at the 
events level, but rather structures (physical, or institutional) or mental models 
which are the root causes behind the impacts and the functioning of the system. 

During the goal-setting process, it is also important to keep in mind that there 
may be dominant mental models present within the current system, which 
seem self-evident, but in fact create solutions for the wrong part of the system. 
One example within the European food system is the continuous hunt for more 
efficient production methods. One could argue that future trends such as a 
projected doubling of food demand (United Nations, 2015), make the need for 
efficient production more pressing than ever before. However, there is no reason 
to assume that the optimal means satisfying this need is through more intensive 
production per hectare as was the goal in the Green Revolution.

When measuring efficiency along other measures of success (e.g. ecological 
footprint, resilience), we can see the European food system has evolved 
optimally to pursue a goal which does not fit with other goals such as preserving 
biospheric integrity or maintaining productivity over the long term. The fact that 
the current system has evolved to maximize short-term yields does not mean 
that this goal is the most sustainable one, or that this measure of the system’s 
functioning is the most relevant one for the future. Systems thinking can help in 
the goal setting process if the following actions are included in this phase:

• Laying bare what goals address the level of events rather than structural 
change; addictions to short-term fixes with negative consequences in the long 
run can then be avoided. 

• Determining which sunk costs, or financial, technological, and political lock-ins 
are present in the current system. When aware of these factors, those setting 
new goals can consciously consider the desired direction for change. 

• Providing people with the awareness that the system is too complex to 
predict the exact means by which future goals are best achieved; facilitating 
performance-based goal-setting which allows for innovation and adaptation.
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STEP 3: DEFINING A PACKAGE OF INTERVENTIONS 

The next step is to select a package of interventions which can realize these 
end-goals if successfully implemented. In this report, we have outlined a 
method for prioritizing impacts and addressing them by changing processes 
and behaviours through feasible and effective interventions. Obviously both 
effectiveness and feasibility are key characteristics to take into account when 
assembling a package of interventions, but the dynamics of complex systems 
mean that in addition to this, there are other issues which need to be taken 
into account when looking at the interrelationships between interventions, 
such as: trade-offs, dependencies, and reinforcing or weakening effects of 
interventions upon each other. Systems thinking can ensure that the measures 
selected reinforce each other, facilitate each other’s implementation, and create 
cascades of changes throughout the system. To achieve this, we recommend 
the following: 

• Select measures with a symbiotic advantage; packages of interventions that 
reinforce each other’s effect so that the whole package combined has a larger 
effect than the ‘sum of its parts’.

• Select ‘enabling interventions’ at an early stage, so that the possible range of 
action in the future grows over time.

• Keep an eye out for pathways forward and the effect that interventions have 
upon the possibilities to change course and adapt in the future: avoid lock-ins 
and dead-ends at all costs.
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STEP 4: PLANNING THE ORDER AND TIMING OF INTERVENTIONS

Once the optimal combination of interventions has been selected, one needs 
to think carefully about the sequence in which they should be implemented, 
and plot their implementation on a time-scale to see at what point in the future 
they’ll be realized. Again, it is very important to think about the implications of 
implementing individual measures for the dynamics of the whole system and 
to avoid undesirable trade-offs, path-dependencies, and lock-ins. Furthermore, 
delays within the system need to be taken into account. In essence there are 
four types of delays (Stroh, 2015):

• The delay between the change in a condition and the awareness that the 
condition has changed

• The delay between our awareness and our decision to act

• The delay between the decision to act and implementation

• The delay between implementation and corresponding changes in conditions 

Long term planning, and creating the time needed for the effect of interventions 
to grow is essential.  At the same time, it is crucial to achieve some success 
quickly to maintain momentum and energy within the organization and in society 
for the implementation of other interventions. To achieve this, we recommend 
the following considerations:

• Defining quick wins to create momentum forward, so long as addiction to 
short terms fixes or fixes aimed at non-structural changes are avoided

• Defining a number of mid-term goals which are enabled by these first quick-
wins and build upon and reinforce these first steps. Likewise, mid-term goals 
should also pave the way for the interventions which will follow. Where the 
implementation of mid-term interventions is a prerequisite for more long-term 
aspirations, these are prioritized above others. Because of a delays within the 
system, it is very important to take into account the build-up period required for 
these measures to have an impact.

• Defining one or two more ambitious interventions at the end of the roadmap’s 
timespan: make sure that interventions proposed on the short and medium 
term strengthen the feasibility and effectiveness of these measures rather 
than weakening it or creating lock-ins which hamper their implementation.
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STEP 5: CONTINUOUS RE-EVALUATION

Continuous re-evaluation of the roadmap is essential. It ensures that people 
can make necessary course corrections in systems that are ultimately too 
complex and dynamic to fully predict (Stroh, 2015). Continuous monitoring of 
the effectiveness of interventions that have been implemented, and continuous 
learning and observation regarding the way in which the system behaves 
ensures that measures are adapted or dropped when necessary, and that new 
options for intervening in the system continue to be explored. Re-evaluation of 
end-goals, or even the vision and values underlying these goals may also be 
necessary, albeit on a less frequent basis.   
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7.1 CONCLUSIONS: HOW TO FURTHER APPLY SYSTEMS 
THINKING TO STRATEGIC DEVELOPMENT
Often organizations have a wide range of stakeholders, internal interests, 
large networks, and conflicting priorities, which may at times form a barrier for 
developing a central vision that everyone within the organization can agree upon 
and see their role in realizing. The application of systems thinking can serve a 
role in providing means for bringing together different stakeholders, establishing 
common ground between them, and enabling them to communicate and think 
systemically about their role in the realization of larger organizational goals.

While we, as an outside organization, are unable to decide for others which 
strategic pathways are the best forward, we belive that our methods can be 
used effectively by individuals and organizations to capitalize on their network’s 
existing strengths and expertise and to define new, high leverage focus areas. 
Especially when addressing impacts in complex systems such as the European 
food system, a systems thinking approach is particularly valuable.
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