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Introduction

Agrifood systems comprise a set of dynamic, complex interactions encompassing production systems and
their supply chains, and components of the food value chain, with associated socioeconomic, policy and
biophysical sub-systems, and their associated barriers and drivers of food flows (Ericksen, 2008; Zhang et al.,
2018). In agrifood systems, an analysis of the cause-effect relationships is important to determine agrifood
system outcomes. There are numerous drivers that shape the agrifood system that range from global to
regional to local scales. This report articulates the fundamental domains of the food system in the Scottish
context and how they interact to achieve the goals of productivity, sustainability, and resilience of agrifood
systems. Agrifood systems are under pressure from the rapidly growing human population, pressures on
natural resources including biodiversity losses, increasing greenhouse gas (GHG) emissions, and climate
change. Farmers play a critical role in the agrifood system; they are at the centre of food production and
make numerous decisions that can affect the structure and resilience of the system. The behaviour and
characteristics of different actors and subsystem elements also have a huge bearing on the outcomes of a
particular food system. It is also important to understand the relationship between food and nature and in
this report, we discuss the positioning, relationship, and role of ecosystem services in the agrifood systems
(Homann-Keetui et al 2020) . In Scotland, the food system has been affected by many drivers and events,
including EU exit, which have implications for trade routes, regulations, and agricultural subsidies. Other
factors include extreme weather, disease outbreaks e.g., COVID and wars (Ukraine-Russia war) in the region.

The main objective of this report is to map the agri-food system by identifying key components therein and
interactions between them.

Approach/Methodology

Through literature review, expert consultation, and stakeholder engagements we developed the agrifood
system map, which captures the key components, drivers, and linkages. To begin to understand this more
broadly, we sought to unpack some connections between the natural and the human system by identifying
the ecosystem elements and associated ecosystem services. We went on to explore the interconnections and
feedbacks among the food system components through causal loop analysis. Through the same process, the
key ecosystem services and functions were identified. The first stage of the agrifood system map
development was to consider the landscape and identify the elements therein that have either direct or
indirect connections to other subsystems, linking ultimately to food production. Then we went on to identify
key ecosystem elements, functions, and services and how they are connected to the different
subcomponents of the food system. For the purpose of simplification, the elements were aggregated into
broader classes. In the second step, the links between and within the social and ecological components were
defined. Since the ecosystem services (ESS) are broadly defined as the benefits human populations derive,



directly or indirectly, from ecosystem functions (Costanza et al., 1997), and represent an interface between
ecological and anthropogenic systems (Felipe-Lucia et al.,, 2022), this was used as the first step in
constructing the ecological portion of the conceptual model (Figure 2). This stage consisted of identifying the
relevant ESS that benefit agricultural/farming systems. We created a simplified ESS classification based on
the Common International Classification of Ecosystem Services system (CICES) version 5.1 (Haines-Young and
Potschin, 2017). Through literature review we identified the ecological entities and processes of an
agricultural system that support the provision of the chosen ESS. Ecosystem entities are any particular part
of the ecosystem either biotic or abiotic. The ESS are realised as benefits by the agricultural system and
distributed to the other players of the anthropogenic subsystems. The benefits shape the type and magnitude
of the relationships between the different components of the anthropogenic sub systems.

To further understand how changes in the production domain will affect other system elements, we used
causal loop analysis. The causal loop diagrams were developed through researchers’ knowledge informed by
literature (Zhang et al.,, 2018). A causal loop diagram is a visual representation that characterises the
interconnections between the nodes of a network. It represents the dynamics within the network by
exploring the feedback between the network elements (Probst and Bassi 2014). The feedbacks introduce
nonlinearity to the system and often takes a circular path, with a change in one element ultimately
influencing itself via a series of intermediate elements (Probst and Bassi 2014). In a causal loop diagram (CLD),
feedback can be both positive and negative. Building a CLD is useful way to identify system nodes and how
the stakeholders perceive them to affect each other (Zhang et al., 2018). It is often more informative when
generated by a team rather than using ideas from one person. CLDs can also help to identify the most
dominant connections (that hold the network together) and identify some critical entry points.

The agri-food system structure

At the heart of agrifood systems, the food value chain is comprised of food production, processing, retail,
and consumption. The value chain and its specific nodes are connected to, and influenced by, the flow of
goods and services that occur within broader socioeconomic and environmental systems. Different food
systems have different goals and outcomes but chief among them is contributing to food and nutrition
security. Other system goals may include environmental welfare, resilience, and sustainability.
Socioeconomic and environmental drivers influence the state and dynamics of agrifood systems and related
outcomes. Changes in any part of the food system may cause some changes in other parts of the system and
may have ramifications for the outcomes. Governance in food systems plays a critical role.
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Figure 1: The food system mapping illustrating the main domains and connections.
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The umbrella of the food system is the biophysical environment. This includes such things as the climate,
soils, bio-geochemical and atmospheric processes, topography, and nutrient cycles. The food system
activities function within the limits of the natural environment and hence often conform to the boundaries
of the natural systems. On the other hand, processes that take place in the food system may have

#Stressors: emissions, land use change, #management, conservation




implications on the natural environment. For example, processing, some specific farming methods, energy
and fuel use, and other industries may directly or indirectly harm the natural system. In this report we present
an example of reduced pesticide use as a best practise and explore the implications for yields and ecosystem
elements of the system.

Policy environment/Governance

Agrifood system governance is importance as it plays a key role in such things as compliance and regulatory
processes, and cross border trade. Policies are key in driving some activities in the agrifood system. There
are numerous policies that have been implemented to ensure that agrifood system processes cause minimal
to no harm in the natural system. In Scotland and the UK wide, there are climate change related policies,
environmental policies, waste disposal and many other regulations that aim to ensure healthy natural
environments. One such policy is the move towards Net Zero on greenhouse gas emissions.

Socioeconomic/cultural environment

The socioeconomic environment has some implications for the structure of the food system, through
variation in household incomes, food culture, food safety and security, health and nutrition, finance, and the
human population size. For example, incomes may directly affect consumption patterns. The socioeconomic
environment has a strong influence on what food is produced, and how it is produced and distributed.
Scotland aims to be a Good Food Nation by promoting healthy diets and this has repercussions for the type
of food it produces.

The agrifood value chain

The value chain is at the core of the agrifood system with farming being the backbone of the system. There
are many diverse kinds of farming systems ranging from arable, to mixed and livestock-only systems. The
production system is often the start point of any agrifood value chain, which is then followed by processing.
In some agrifood systems, farmed products are aggregated (e.g., by grain merchants) before the food goes
into processing and packaging and then to distribution, retail, and consumption. Different food types have
different chain structures and lengths. Consumption plays a critical role in forming production and other
value chain processes. This is because consumption is a subject of many things that include affordability,
health, diet and other preference measures, and food safety and availability. The COMBINE project is
targeting farm level interventions thus it becomes important to understand how the changes on farm will
cascade along the value chain and to other subcomponents of the food system.

The value chain supporters

The value chain support system has immediate and direct impact on the chain itself. Value chain supporters
can take any form ranging from infrastructure, governance/regulatory bodies, service provision, knowledge
and skills, input supply, research, and development, technology, and farmers unions, co-operatives, and
industry bodies (e.g., levy boards). These support organisations can target various parts of the value chain,
while some are specific to agrifood production, others may be specific to processing or retail. For instance,
infrastructure can be cross cutting from agricultural production, product processing all the way to food
consumption depending on what kind of infrastructure is under consideration.

Ecosystem services and the Agrifood System

An understanding of the ecosystem services in the agrifood system is important to ensure alignment between
food system activities and domains with the goals of natural environment welfare. The relationship between
the natural and social environment in agroecosystems is either management or ecosystem services. Below



we present this relationship in the form of a socio-ecological network (SEN) diagram as an expansion of the
ecosystem service cascade (ESSC) (Haines-Young and Potschin, 2011). While the original ESSC principally
describes the production chain delivering ecosystem services (ESS) to human wellbeing, the presented
diagram acts as a conceptual framework that highlights the key elements, processes, and relationships of
both natural and anthropogenic systems including interactions between the anthropogenic subsystems and
the resulting societal feedbacks on the natural subsystems. It demonstrates the relationship between
ecological status, the delivery of ESS, the influence of socio-economical components on ESS demand and
management practices (pressures and mitigation efforts), and the resulting increase or decrease of stressors.
The diagram is composed of sub-systems which contain elements that can interact with other elements from
both within the same sub-system and between different sub-systems. The agricultural/farming system acts
as the focal point of the diagram where the natural and anthropogenic systems meet.
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Figure 2. A representation of the flow of ecosystem services within the agri-food system

The social-economic players that interact with the agricultural/farming system are represented by five
subsystems: economic, inputs, health and nutrition, policy, and social actors and institutions. Human
activities (management), which are the response of the farmer to the demands and interactions with the
socioeconomic components, are the major drivers for generating pressures and mitigation efforts. Pressures
and mitigation efforts increase or decrease stressors that alter the ecosystem’s characteristics (entities and
processes) resulting in changes in ESS provision. In addition, the amount of ESS exploitation influences the
magnitude and type of pressures (Grizzetti et al., 2016).

The causal loop relationships

In line with the overall objective of COMBINE, a causal loop model was developed to address the impact of
promoting best practice through the living lab approach. Through the causal loop analysis, we built a simple
model to show the implications of the changes on system subcomponents. Below is a diagram that represents
a schematic structure of the causal loop diagram (CLD), illustrating some common relations and dynamics of
the food system. This CLD highlights some selected feedback loops that might arise if there is a reduction in
pesticide use as an example of best practice.
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Figure 3. The Causal loop diagram exploring the implications of reduced pesticide use on agrifood system
components. Green lines, represent a positive effect of one component on another, red lines represent a
negative effect, and blue lines for no change.

The CLD (Figure 3) does not capture all elements and relationships but is restricted to the key components
with the objective of producing a simplified diagram that stakeholders can contribute to. This will also help
to understand the impacts of farm level interventions not only on the agrifood system but on the ecosystem
components and the ecosystem services. The causal loop diagram shows the implications of reducing
pesticide use both on the crop yield, and on the other facets of production in the ecosystem on farm.

Conclusion and Discussion

This report represents an early effort to understanding the food system in the Scottish context, and to unpack
the connections therein. This will also be useful for identifying entry points and effects of changes on the
whole or part of the system. We hope to do more on the role of ecosystem services in the food system and



how there may be affected by changes in the production domain. This will be used as a basis for further
engaging with the stakeholders in the agrifood system as the COMBINE project progresses.
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