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Abstract: The world is continuously transforming to supply growing cities and urbanization
processes are still driving important changes in our current food systems. Future sustainability
constraints are emphasizing that Food Supply and Distribution Systems (FSDS) are deeply embedded
in city-region systems with specific technical and socio-ecological characteristics. This paper aims to
provide a systemic understanding on FSDS focusing the integration of urban and rural structures
considering the system biophysical boundaries and societal targets. A qualitative framework model,
based on the Food and Agriculture Organization of the United Nations (FAO)’s FSDS literature, has
been developed by using Systems Thinking (ST) and System Dynamics (SD) approaches. The model
analysis suggested that to increase sustainability and resilience of food systems large emphasis has
to be maintained on: (i) estimation of local territorial carrying capacities; (ii) land use planning to
enhance connections among rural supplies and city needs; (iii) city policies, to regulate emergent
market size and local scale of production; (iv) technological efficiency at farm, distribution and market
levels; (v) urban, peri-urban and rural functional linkages that considers social metabolic balances;
(vi) rural development as a core point for building sustainable food systems and counteracting the
urbanization growth. These key areas are relevant to test new paths of cities-regions reconfiguration
towards the transition to resilient agri-food systems.

Keywords: food supply and distribution systems; resilient food systems; resilient cities;
sustainability; systems thinking; system dynamics; self-organizing systems; food systems governance;
societal metabolism; city-region governance

1. Introduction

The world has been continuously transformed in order to supply growing cities with their basic
needs and food security. The World Food Summit [1] defined food security as when all people, at all
times, have physical and economic access to sufficient, safe and nutritious food to meet their dietary
needs and food preferences for an active and healthy life. In the past the main actions to fill the food
security gap have been focusing, at farm level, on pushing an increase in the scale of production
as well as in crop production levels, on the intensification of food hubs and logistics, and on the
reduction of prices to assure the food commerciality. Large importance has been given to world trade
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dynamics of food commodities and prices so that global arrangements are prevailing by stressing
local environmental equilibrium and social structures. These transformations are performed via
urbanization processes, traditionally considered equivalent to development. Urban and regional food
needs are strictly connected to the issue of correctly managing Food Supply and Distribution Systems
(FSDS), which are embedded in cities-regions systems who, in turn, are characterized by growing
urbanization trends, in turn impacting back on the FSDS functioning.

Narrowed food systems policies often aim at increasing size of food systems infrastructure related
to food systems and are pushed by private investors’ expectations [2]. Complex systems decision
support tools, like mathematical and conceptual models should be developed and applied to assess the
pertinence, effectiveness of such policies [3]. Models might offer the opportunity to assess future policy
effects while considering, among others, the policies” impact on infrastructure and socio-ecological
characteristics of complete regions.

Specifically, qualitative framework models are able to describe and highlight the latent structure
of a system and predict the future system behavior [4]. The system structure can be determined by
describing the connections among the main system components, which are often chained in multiple
feedback loops. In fact, systems do not work the way we think, they tend to be counterintuitive [5].
The analysis of the feedbacks, conceptualized through Causal Loop Diagrams (CLD), characterizes a
certain system and is helpful to describe the main rules of the system organization and to predict the
future behavior of the system [6]. Under specific conditions, the dominance of a certain loop in respect
to the others throughout a certain time interval determines the behavior of a system in terms of shape
of its pattern. The presence and identification of the feedback loops allow to qualitatively forecasting
of future trends. Considering the structure of the FSDS a qualitative analysis might be further used as
a basis for quantitative dynamic models to support the FSDS functioning understanding and design
policy scenarios. A primary systemic perspective to analyze the urban food systems structure can
be developed using Systems Thinking (ST) and System Dynamics (SD) approaches. ST and SD are
iterative process to get a better understanding of the system [6]. Drawing causal maps or CLD using
ST and SD approaches is a technique for mapping the existence of the feedback within and across
interacting subsystems. The modeling process demands the identification and definition of problems,
the overall system conceptualization and the qualitative modeling, which often impact our initial
system understanding. ST and SD can support designing better Urban Food Policies to analyze the
urban food systems structure because both phases enhance the insights elicitation and increases the
likelihood of performing a good policy analysis.

2. A System Understanding of Food Supply and Distribution Systems (FSDS)

Providing insights for policy creation requires a thorough understanding of the nature of the
systems we are dealing with. Cities and regions constitute the environment where FSDS are embedded.
Urbanization drives the city growth and represents specific consequences in determined cities-regions
systems due to its high impact on the economic structure, population composition and size, ecology
and landscape of the territories where it takes place [7].

Understanding the city and region characteristics and mechanisms of change is relevant to achieve
a system perspective on FSDS. In order to build on that systemic understanding this section will
provide a brief literature review of cities as self-organizing systems and a possible explanation of their
evolution, an example of system approach to understanding urban settlements called Socio-Ecological
Infrastructural Systems [8], and it will finalize with the presentation of a framework model to
understand specifically FSDS from a system dynamics (SD) perspective.

2.1. Cities and Regions as Complex Self-Organizing Systems

The first notions of the city as a system were developed in the 60’s. The city as a system was
understood as elements interacting among them through structures characterized by feedbacks within
certain boundaries [7,9-11]. The recognition of interactions and feedback structures while observing
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the city provides important insights still not widely considered in policy innovation. One of these
insights is the attention to the self-organizing characteristic of cities and regions.

Urban systems, or cities, are self-organized subsystems of wider systems, whose interactions
between different parts determine macro-areas or regions within the macro-system. The behavior of
such areas is relatively autonomous among them, and possesses specific dynamics, which distinguish
one from the other [12]. At the same time, within the urban systems there are other subsystems—i.e.,
social, economic and territorial—which have lower self-organization structures: this is the case of FSDS.

The general pattern for cities” growth is via the urbanization processes. Even when it is a general
pattern, the world cities present different characteristics in their development and growth. Several
studies have demonstrated that specific historical events in urban systems are required to understand
the size, distribution and infrastructure development, which affect the “universal change” from
rural isolated areas to diversified, concentrated and hierarchized urban settlements. [11-13]. A similar
explanation is provided in Allen [11] referring to the rank size rule by [14] about the interaction of urban
settlements where explanation of growth is economic competition and another is the appearance of
industrial satellites and wealthy housing buildings attracting population. When population increases,
infrastructure innovation and transportation improvements attract people from the surrounding
villages. The urban areas grow even faster and keep interacting with the larger settlement. The smaller
ones stay out of the relation with the big urban settlements. The transformation dynamics from rural
to urban discussed previously has important consequences in the development uniformity of regions.
This diversity represents a challenge for a single FSDS policy framework, however structural patterns
can be identified.

2.2. Cities as Socio-Ecological Infrastructural Systems (SEIS)

Cities are embedded in wider systems, which are ecosystems regions where human and ecological
sphere interact making a single system. One recurring error when dealing with environmental
issues is treating human and ecological systems as separated contexts. Socio-ecological systems (SES)
are complex systems and inherently behave in non-linear ways, are strongly coupled and display
“thresholds” in their dynamics [15]. Considering them as linear, predictable and controllable systems
also leads to policy failures. Thus, more integrative perspectives are increasingly required.

Among several perspectives to understand urban settlements we found the Social-Ecological-
Infrastructural systems (SEIS), which implies the integration of relevant disciplines for the study
of cities as systems towards sustainability. Among disciplines considered in SEIS approach are:
Urban Metabolism, Industrial Ecology, ST Environmental sciences/climatology, Infrastructure
Engineering, Architecture, Public Health, Public Affair, Behavioral Sciences and Urban Planning.
SEIS approach, in contrast to the SES perspective, considers the links between natural systems,
engineered infrastructure, actors, and institutions.

A representation of the SEIS approach is provided in Figure 1, which considers: (a) the integration
across the spatial scale; (b) multi-scale risks posed to cities by infrastructure—environment interactions;
(c) examples of institutions that shape energy use and greenhouse gas (GHG) emissions.

While studying the mechanisms of change of urban settlements, it becomes clear that
infrastructural and technological systems play a role on transforming the biophysical system
supporting the cities functions. Those infrastructures are exactly who play a fundamental role in the
kind of ecological transformation, economic identity and growth of a city. Those urban infrastructures
are tied to different scales of stakeholders, and are those who determine the rules of the SEIS [8].

An illustration of the different intervention scales in an urban system is provided by the SEIS
framework (Figure 2).
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Figure 1. Social-ecological-infrastructural systems or SEIS [8]. It represents: the integration across
the spatial scale (a); multi-scale risks from infrastructure-environment interactions (b); examples of
institutions that shape energy use and greenhouse gas (GHG) emissions (c).
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Figure 2. Schematic representation of the social-ecological-infrastructural systems or SEIS [8].
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Urban and households scales present clear jurisdictional or administrative boundaries, thus he
stakeholders of each scale are diverse. The material and energy inflows come from the biophysical
system, the environment, which is considered in the global or larger scale. Pollution and consumption
flows are part of the industrial and human activities belonging to lower system scales and are
determined by the type of existing infrastructures [8,16,17]. An important scale while searching for new
governance of urban issues is the attention to the second larger scale, represented in SEIS framework
as the social system scale where intangible variables such as values, mental modes, principles shaping
institutions and their conditions take place.

Understanding how a system works requires an appropriate approach through which the system
is observed. System Dynamics philosophy [18] states that in order to understand and possibly,
solve a problem you should not make a model of the specific system your problem belongs to, but
a model of the family of systems to which yours belong. So far, in Sections 2.1 and 2.2, we have
been able to understand that urban issues are food system issues. The particular development of
urbanization, which is the change of rural to urban settlements, in determined zones characterize
regions. Frameworks such as SEIS were currently adopted in order to capture the multi-scale nature of
urban settlements where FSDS are embedded.

However, identifying the food systems environment in nominal terms is not enough for
understanding its functioning nor design policy. Therefore, the next section contains a framework
model which explains the feedbacks characterizing the food systems structure in city-regions systems,
considering the main items composing those.

3. Objective

The objective of this paper is to provide a system understanding on FSDS by: (1) studying the
mechanisms regulating food systems at the urban and regional level; and (2) presenting a general
qualitative framework model for FSDS understanding. This framework was obtained by the application
of a ST and SD approaches to the food system’s structure analysis. The system understanding on FSDS
is expected to:

. Build on the discussion of food systems as self-organizing systems and on the urbanization
consequences on food systems and on the resilience regional food systems resilience.

. Support the opportunities identification of FSDS policies suggested by FAO.

»  Highlight key points towards a FSDS policy creation based on relevant issues of food systems,
which besides the production and distribution process and markets structures, are dependent on
the cities and regions structures in which FSDS are embedded.

The proposed FSDS framework model was elicited from the critical study of FAO'’s technical
documents on FSDS, directed to decision makers, and from further research on food systems’
structure [2,19-24]. The opportunities of the policies suggested by FAO are analyzed in the light
of the insights coming from the proposed FSDS framework model. Likewise, key points towards
a regional policy creation are provided, some of which build-up on the discussion between the
desired infrastructure growth and regions resilience, also determined by their local rural and urban
food systems.

4. Methodology

The general FSDS framework model and policy considerations proposed in this work have been
elicited through the following process:

. The development of an epistemic ground to understand FSDS assessing their characteristics
and properties as complex systems, in order to evaluate the feasibility of using complex system
methodologies to analyze them [25].
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. The analysis of the document from the Food and Agriculture Organization of the United Nations
(FAO) “Studying Food Supply and Distribution Systems to Cities in Developing Countries and
Countries in Transition—Methodological and Operational Guide (Revised Version)” [22] what
we call “FAO’s Framework for FSDS Analysis” (FFFA) and other documents from the Food into
the Cities collection using ST and SD approaches. This analysis includes the identification of the
main stocks, flows, relevant variables and the system’s boundary of FSDS according to FFFA,
the generation of system archetypes analyses, and the qualitative characterization of FSDS by
two group model building sessions with FAO experts which resulted in an extended qualitative
FSDS model presented in Armendariz et al. [26].

. The re-conceptualization of the extended qualitative FSDS model previously mentioned by
simplifying, in a revisited FSDS framework model (Figure 3), its general structure and
characterizing and analyzing the expected dynamics.

5. A Critical Review of Literature on Cities and Regions as Self-Organizing Systems in Which
Urbanization Is the Dominant Trend. Results: FSDS Framework Model

The FSDS framework model presented in the previous paragraph (Figure 3) consists of a Causal
Loop Diagram (CLD), which is characterized by a system dynamics/systems thinking representation
of the wider systemic structure where FSDS are embedded. System Dynamics (SD) is a methodology
that supports and enhances systems understanding through the recognition that the system structure
is responsible of the system behavior. The convention for drawing a CLD consists of a set of variables
connected by arrows denoting causal influence with a given polarity, to indicate how the dependent
variables change with respect to changes of the independent variables [6,27,28]. The loops generated
by the variables connection are labeled with a name, related with the loop role in the system, and a
polarity (+or — signs). A positive sign (+) means that the change effect of the independent variable
on the dependent one is positively related, i.e., if one increases so the other does. A negative sign (—)
means the causal effect of change is negative among the two variables, i.e., the increase in one variable
represents a decrease in the other. There are two kind of loops which are studied on the basis of their
characteristics: (1) Reinforcing: self-reinforcing loops, which imply that if they were the only loops
operating in the system, or if they are the dominant loops, they grow exponentially; (2) Balancing (B):
self-correcting loops which counteract change.
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Figure 3. FSDS framework model adapted from Armendariz et al. [29].
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Note that, in Figure 3, a positive causal effect of the independent variable change on the dependent
variable is showed by a positive (+) on the arrow end, i.e., when independent variable increases or
decreases, the dependent variable changes in the same direction. The negative sign (—) on the
arrows mean that the causal effect among independent and dependent variable is negative, i.e., when
independent variable increases the dependent variable decreases. The bold blue arrow represents
FAQO'’s guide main question: “how to meet urban food needs of a growing population?” The feedback
structures (or “loops”, named after their polarity as B, for balancing, and as R, for reinforcing) were
identified and named according to their function in the system.

Our framework model is focused on providing a system perspective to FSDS considering
the mechanisms featuring city-region systems. Although as explained in the previous chapter,
each city-region system has a particular development determining its size and characteristics,
the following feedback loops explain the basic system structures responsible of city-regions change
studying the relation between urbanization, infrastructure, technology and economy development,
resources consumption and population size. Overall, this framework shows how FSDS are embedded
in that wider systems context, are part of those systems providing feedback and are also limited by
those. The relevant feedback structures for FSDS are described in the following sections: in some of
them we will find ground for exploring a few food policy strategies.

5.1. FSDS Reinforcing Feedback Structures
The feedback structures are following listed and explained:

(R1) Urban growth system loop: represents the feedback between urban population and urban space,
which is a self-reinforcing relation. Urban population growth increases the need of new infrastructure
and urban space, the urban growth at the same time functions as a population attractor. This relation
impacts the urban geographical boundary by the land use change from rural or peri-urban territories
becoming urban land.

(R2) Economic growth impact in Urban Population loop: explains another self-reinforcing dynamic
relevant for urban growth, the economic growth in cities increases the migration rate from rural
population; more population means labor destined to economic activities and urban population
revenues from paid work. The urban growth has an impact on natural resources, which are reduced
as the urban space and infrastructures increase. This impact can be noticed in the land use change,
pollution or change on available non-renewable resources.

(R3) Employment and food demand loop: Food demand at the market level is limited or boosted by
the economy and job dynamics, food system business revenues provide economic growth, employment
opportunities out of the economic growth provide income to people so to demand food at market level.
Here it is important to notice that urban population is one of the main food demand drivers, which is
understood as the amount of food people look for in formal markets. As food demand depends on
different factors (total population, income level and food provided by supply and distribution chains)
it should not be confused with the absolute amount of food needed which rather is an indicator of the
food requirement per capita multiply by the total population.

(R4) Technology development loop: shows the indirect effects of food market in economic growth
and technology improvement.

(R5) Food demand on employment policy loop: explains how people income is directly related to the
amount and quality of food consumption. Food demand is different to actual amount of food required
in a city. Thus, the socioeconomic conditions determine people capability of using income to satisfy
their food needs, therefore, a sound urban food policy should aim to reduce urban poverty levels.
Economic growth and employments, which translate in people’s income, are needed achieve access
to food.
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5.2. FSDS Balancing Feedback Structures

(B1) Territory carrying capacity loop: represents the system limit to growth. In fact, urban growth
is no longer possible if the resources needed for that growth—for instance, land available for
infrastructure—are over.

(B2) Food system organization loop: represents the relation between urban space for markets and
the food logistics and consists of a balancing loop. In fact, the limited urban space impacts on the
available space for markets allocation and distribution processes. In addition the scarceness of this
resource creates competition among food and other activities. Land dedicated to any other urban issue
means less land for markets and roads. At the same time, in the long-term more roads increase urban
agglomerations affecting distribution processes.

(B3) FSDS Ecological footprint loop: is explained by the environmental impacts of food systems;
the increase on food production, processing, distribution and consumption activities implies renewable
and non-renewable resources use and pollution.

(B4) Food gap loop: represents the relation among food demand at market level and the food
production and distribution system. We could say that food production and distribution activities
reduce food gaps, i.e., the difference between the production and consumption, at market level by
increasing the food availability. However, food production and distribution management deficiencies
or a crisis in the system might decrease the food supply of cities and increase the food gap.

(B5) FSDS pressures on Urban Space loop: is the system structure summarizing the last three system
loops, which indicates that the food system activities are only possible after the urban space use and
this after the resources use, including non-urban land and non-renewal resources. The resources
competition relation of food systems with other urban needs (i.e., infrastructure, industry) leading to a
resources overconsumption represents a risk not only for the food system activities, but for the urban
system itself.

(B6) Population growth impact on food demand and Urban Space loop: represents the food demand
out of the population change boosting food production and distribution processes, which at the same
demand urban space and infrastructure translated in urban growth that attracts population.

(B7) Urbanization impact on economic growth and food demand loop: is an external loop found after
capturing the population impact on economic growth. Employment increases income to demand food,
the economic growth increases urban growth, which will boost the food production and distribution
process that will compete with other industries and households for space and infrastructure.

(B8) Effects of technology on FSDS efficiency policy loop: the food supply chain efficiency improvement
depends on the organization and the technology levels applied to food production and processing.

(B9) Urban Planning and Markets Administration policy loop: considers key areas for policy
intervention related to urban space management and innovations, density, congestion, adequate
roads and a city planned allocation of formal markets and informal markets according to urban
population distribution rendering their socioeconomic.

(B10) Waste reduction and management policy loop: these kinds of policies can improve the supply
chain efficiency and reduce pollution. B10 and B11 structures represent balancing feedbacks aim
to increase food supply by tackling inefficiencies and negative environmental consequences, and to
reduce the urban food gap.

(B11) Food systems efficiency policy loop: food system efficiency can be boosted by increasing the
technology level used in food production and processing activities. The natural resources consumption
(land, water, energy, raw materials) is strongly related to supply chains efficiency, consumers’ life style
and waste disposal processes.

The FSDS framework provides, in a simplified way, the structure of the dynamics between land,
population, food distribution and production processes, resources, technology and economy and
employment. This systemic view shows that increasing the efficiency of the food production and
distribution (production, assembling, handling, processing, packaging, transport, storage, wholesaling
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and retailing) could lead to increasing the food supply to cities, reducing costs and wastes. However,

it also shows that increasing food supply to cities does not imply automatically meeting the food

requirement per capita. Socioeconomic conditions such as the prevalence of poverty which is a

topic considered in the goal but absent from FAO's policies suggestions, ecological conditions as the

availability of resources, urban conditions such as land availability, urban space and infrastructure are

non-food issues relevant for the urban FSDS functioning and with high impact on food security.
General key-points elicited using SD on the FFFA [26] critical study are the following:

1.  The FSDS mechanics are embedded in the field of Urban Dynamics: population, infrastructures
growth and urbanization highly impact the FSDS organizational capability to provide food.

2. Conceiving population growth as the main problem in effectively feeding cities (thus given the
raise in food demand) is only one part of a bigger picture and does not bring any information on
solving the problem. The way most cities are conceived and structured is what contributes to the
system being unsuccessful on meeting urban food needs.

3. Supply and Distribution Systems are just a part of a wider system. Urban, rural and peri-urban
dynamics cannot be longer treated in isolation if the aim is to meet population food needs for the
next decades.

6. Policy for a City-Region FSDS Governance

In the previous chapter, we have discussed the complexity in which FSDS are embedded. The ST
and SD approaches applied to the FFFA resulted useful to explain the importance of overcoming the
focus on the urban population growth as the main FSDS problem without being critical to way the
cities are structured. Urban population increase represents a pressure on the system to provide food,
yet, the urban dynamics closely related to the urbanization and its consequences highly impact the
natural resources (land, water, production and distribution assets on which FSDS depend) and are
this urbanization paradigm what keeps pushing the increase of urban population. FSDS functioning
is facing structural limits (i.e., land, resources availability) and operational challenges (i.e., pressure
of congestion on distribution processes). Currently, science brings us some tools to approach better
policy making while holding a system perspective on the issue and using simulation tools. Yet, we
have been also able to grasp the uncertainty in which decisions are made due to lack of information or
to the evolutionary nature of systems we inhabit and reproduce [29-31].

The application of complex system methodologies brings the possibility of achieving better
policies especially when facing high levels of complexity and uncertainty. The complexity rises when
considering simultaneous scales and different kinds of systems interactions into the analysis of the
problem to be tackled. According Walker et al. [32] the uncertainty is given by the rapid changing
environment, in front of inadequate information (unreliable, inexact or simply still unmanageable).
However, a decision maker with plenty of quality information but lacking of system’s understanding
will have a hard time solving a problem and is in risk of wasting resources into a solution which will
work only in the short-term or which will be resisted by the system [6]. Modeling and simulation
allow for complex systems analysis, coherent with the nature of our social systems, and policy
experimentation and testing in virtual environments, scenario development for risk assessments or for
long-term planning. Model-based decision making, in front of traditional decision methods, has the
potential of bringing forward a new generation of policies based on comprehensive system analysis
and by, among others, building transparent models for a wider range of stakeholders, boosting also
the accountability on decisions taken [33]. The next section contains policy insights elicited from the
ST and SD approaches to the study of FSDS and the other macro-systems where they are embedded:
city and the region. Those are recommended to be considered while building a regional governance
mechanisms and policies to satisfy the food agenda of urban systems.
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6.1. Key Points Towards a FSDS City-Regional Policy from a System Perspective

6.1.1. Structural and Operational Issues

As we have elicited from the FSDS framework model analysis (Section 5), there is a wider systems
context impacting FSDS activities. FSDS processes are limited or boosted by other “non-food” issues.
There are two kinds of issues important to distinguish while thinking in FSDS improvement to meet
food needs:

= Structural issues: are part of the cities structures and the macro-systems constituted by regions,
where water, land availability, population, infrastructures, laws, economic systems constitute the
FSDS functioning structural limits.

. Operational issues: part of the FSDS and cities subsystems, which are mainly FSDS and public
institutions administrative processes and management issues.

A key point should be to focus on policy objectives related to the FSDS structure. Addressing only
operational issues is short-sighted and risky. The extended FSDS qualitative model [26] and the FSDS
framework model (Figure 3), show how urbanization is a reinforcing feedback-loop, which high impact
the environment and resources on which FSDS run. Additionally, it shows how food processing and
distribution activities, understood as operational issues, are just a part of all the subsystems interacting
which impact the goal of meeting urban food needs. As a conclusion from the systems analysis
performed, it was found that improving the efficiency and food production and distribution process
does not imply automatically meeting urban food needs. Other subsystems such as the biophysical,
economic, territorial, infrastructure frame the capacities of FSDS.

Currently mainstream policies focus on operative issues of FSDS. FAO’s policies are an example of
the lack of intervention in the structure where they are embedded. As we have discussed in Section 2,
policies focused on operative issues will be always limited in front of structural pressures, for example,
building more roads to decrease congestion might be useful in the short run, yet, if population, which
is a structural issue presents an exponential growth and the city space is limited, this operational
solution will fail in the medium term. Analyzing the change over time of the structural issues of FSDS,
considering the expected change in stocks could be information useful to set policy targets or limits of
growth. Another hint is to try to keep those stocks sustainable over time and find equilibrium states in
the systems. Simulation tools could support the equilibrium points’ findings of joint policies aiming at
improving structure and operational issues.

Ignoring structural limits, going for growth without a reviewing the carrying capacity of the
system will end up affecting the resilience of cities [34]. The stakeholders involved in a decision should
depend on the structural or operational nature of the issues to address.

6.1.2. Scales of Intervention

Achieving certain goal in an urban food system will depend on the particular conditions that food
system and the systems related. Different scale of interventions might be needed to achieve urban food
security targets [35]. Each scale implies specific stakeholders, legal frameworks, ecological, economic,
cultural, social conditions, among others.

FSDS relevant intervention scales and examples of issues related to each scale are:

. Global: international and planetary issues. New international economic agreements, transnational
companies’ laws or behavior, climate change, desertification, water availability are example of
issues at this scale.

. Regional: extended territory. Some national or country issues fall in this scale intervention.
However, this scale exceeds traditional national boundaries and considers part of the
macro-system where economic, biophysical issues, migration trends, rural development would
be the focus. Illustration issues at this scale involve the B3 Ecological food print, B1 Territory
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carrying capacity, B7 Urbanization impact on economy and food demand feedback structures
from the FSDS framework model (Section 5, Figure 3).

»  Urban: city related systems considering the city infrastructure planning, technology, and
administrative and institutional issues. R1 Urban Growth, B5 FSDS pressures on Urban Space,
B9 Urban Planning and Markets Administration feedback structures from the FSDS framework
model are examples of issues belonging to this scale.

. Local: municipalities and localities (neighborhood) systems where social norms, shared activities
or processes, local infrastructures are relevant. An example of an intervention at this scale level is
an employment program implemented at municipal level which impact the R3 Employment and
food demand feedback loop from Figure 3.

. Individual: related to personal choices, preferences and the consumption habits out of education
level, socio-economic status or culture issues. This kind of intervention can be illustrated by the
impact on the demand of certain product due to the sum of consumers’ individual decisions,
for instance, the meat demand can be decrease due to an education program on the ecological
consequences of meat consumption. The change in meat demand would impact the variable
“food demand at market level” of that specific product, eventually with the possibility of having
an impact on B4 Food gap loop structure, always considering only what concerns to the product
on which consumers made the consumption decision.

As we can observe, the FSDS framework model presented in this work (Figure 3) is a simplified
representation of the FSDS detailed model [26]. The high aggregation level of this work shows the
regional and urban scales more clearly. The global scale was not included in the FSDS framework
model as it was not reported in FAO’s guide for decision makers [22]. The FSDS framework model
proposed within this work is rather a generic model. In the case of FAO’s policies, which will be further
explained in the next section, the intervention scale proposed is “local”. From the FSDS framework
model (Section 5) we can start envisioning the level of intervention required to implement policies,
i.e., interventions at local scale might have financial, administrative, territorial limitations in order
to address a required structural issue. All the same issues such as knowledge, information channels,
capital and tools are transversal and useful at any scale and can be implemented and highly supported
at local scale.

6.1.3. Stakeholders

Municipalities” local authorities are considered the most relevant actors for improving the
efficiency of food systems efficiency by FAO. Yet, FSDS framework model (Section 5) has allowed us
to identify among structural and operational type of issues and the diverse nature of issues involved
in meeting food needs, which per se involve different kind of actors. Therefore, this section will
focus on discussing: (1) who are the relevant actors in FSDS? and (2) how to improve the efficiency of
those actors?

In order to respond to the first question, the SEIS framework [8] considers three specific types of
stakeholders relevant at urban level: (1) Individual users: represent households and businesses within
the city whose demand for water, energy, and resources results in the commissioning of infrastructures
serving cities; (2) Infrastructure designers and operators: are responsible for the infrastructures design,
operation, maintenance, and dismantling; (3) Policy actors: include elected, appointed, and civil
government officials, citizen groups, scientists, journalists, special interest groups, and coalitions who
attempt to shape the processes and outcomes of infrastructure governance.

Municipalities” local authorities, the most significant according to FAO, are stakeholders with
certain important roles. Yet, SEIS framework suggest important urban actors, which from a system
perspective on FSDS, should be also considered beyond the common FSDS operators (among them
consumers, wholesalers, retailers, producers, urban planners and regional planners, national decision
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makers, transnational companies and international organizations) are also part of the stakeholders to
be considered.

The second question of this section is related to governance issues: how to improve the efficiency
of those actors? The acknowledgement of cities and regions as self-organizing systems opens the
perspective of a whole new set of actors whose goals, activities, technology, culture, capital and rules
define the urban structures. Cities and regions as self-organizing systems imply an autonomous
behavior of their agents on a determined space under specific conditions. As described in Section 2.2,
the agents in the system might not be aware of (a) the possibility of knowing how the system can
change; (b) which is the optimal solution; (c) information on the system complexity; and (d) the
possibility of controlling decisions of other relevant stakeholders. Bertuglia and Vaio [36-38] propose
the assisted self-organization concept, which means that certain external supervision under an order
principle has to be active in the autonomous adaptation capacity of the systems individuals and
organizations. Such order principle can potentially be embedded in cities new structure design or in
rules under which agents work. In this case, such new rules can work on economic, social fields or be
communicated via learning or educational processes to understand in better way their role in FSDS
embedded in urban environments with specific external and internal constrains.

6.1.4. Production and Consumption Balances

The search for efficiency of current FSDS structures might be doomed due to the impossibility of
keeping certain material standards of industrial production and households consumption in front of
the growing pressures such as population (illustrated by the feedback structure R1 Urban growth of
FSDS framework model, Figure 2), pollution or waste at the same time dependent on limited-resource
based processes (represented by the B1 Territory carrying capacity feedback loop, Figure 3). Intervening
on food systems should take into account regional ecological boundaries and the sustainability of
the current standards of consumption related to food, energy, water of cities and food production
locations [39-41]. One way of designing new agri-food chains linking production and consumption
places more efficiently is applying the viability checks [16,17,41] from urban metabolism approaches in
order to evaluate if the system is able to produce what consumes, considering the energy and material
flows involved in all processes. Disregarding the consumption and production balance will keep cities
away from possible equilibrium states [41].

The system perspective of FSDS reported in the previous chapters and the key points for
policy creation reported in the following sections provide elements to understand and analyze
FAQO’s FSDS policies. A quantitative modelling of the framework might complement the performed
analysis. The translation of the framework in stock and flow diagram using SD techniques [42],
the parameterization of the connections using empirical data will allow to analyze and study the target
system from a numerical pint of view. To reduce the gap among food demand and food availability in a
city and perform policy experimentation, the starting point from a modeling point of view, should focus
the integration of (a) the population growth within the urban dynamics oriented to FSDS efficiency
and; (b) the rural supply capacity under environmental and anthropogenic constraints.

6.1.5. FAO’s FSDS Policies Opportunities

In order to understand the policy advises proposed by FAO, the documents of the Food into cities
collection were classified and analyzed [26]. This search helped clarifying FAO’s competence in the
solution and identifying what actions could be useful for decision makers and are deemed as possible
for FAO itself. FFFA considers relevant aspects to improve FSDS the following: (1) Description of
supply and distribution agents’ needs (producers, wholesalers, retailers, market administrators and
consumers); (2) Limitations, instruments and needed collaboration efforts of municipalities and local
authorities to solve difficulties faced by the FSDS agents; (3) Role of the urban planners supporting the
urban and peri-urban supply, describing their intervention scale and actions.
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Based on the linear understanding of FSDS, FAO provides decision makers of developing countries
and countries in transition policy guidelines aiming meeting urban food needs. The classification
on 40 policies suggested in FFFA based on their recurrence (Table 1) showed as key issues:
Understanding and planning of FSDS (15 out of 40 policies), Law enforcement (14 out of 40 policies),
Urban infrastructure, construction and maintenance (11 out of 40 policies). Some low-recurrence
policies are instead: Social issues (1 out of 40 policies), Stakeholder collaboration for the improvement
of FSDS (1 out of 40 policies), Public administration role in FSDS (2 out of 40 policies). Other policy
topics referred in the documents are: Environmental issues (4 out of 40 policies), Health & Nutrition
issues (5 out of 40), Budget or capital levying from FSDS activities (5 out of 40), Participation
(dialogue with stakeholders) for public policy (4 out of 40), Interventions in the food market activities
(3 out of 40), Information and education activities (4 out of 40). In addition, other classification
of policies are highlighted: law enforcement policies (14 out of 40); policies related to information
and education issues (4 out of 40); participation and dialogue to build public policy (4 out of 40);
stakeholders collaboration for improvements of FSDS (1 out of 40); public administration clarification
roles (2 out of 40); understanding and planning of FSDS (15 out of 40).

As in FFFA there is no direct reference to a priority problem, the policies proposed
(available in Table 1), belong to different nature of issues, intervention scales and stakeholders’
responsibility. In addition, there is no method suggested for policy testing or prioritization and
to perform the 10-year recommended scenarios.
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Table 1. Five main roles from municipalities to solve food insecurity of low-income urban households [23] adapted from Armendariz et al. [26].

Promote Supportive Policies
towards Agents * in FSDS **

Promote Private Investment

Intervene in Food Supply and Distribution Activities

Coordinate Public Interventions
and Private Initiatives

Intermediate between
Central Government and
Private Food Sector

Policy-makers” awareness to the
needs of agents of FSDS (12) ***
Involvement of FSDS agents in
policy formulation and
implementation (9)

Decision makers understanding
on how to improve FSDS (12) ***
Strengthening representation of
private associations on planning
implementation (9)
Dissemination of policy goals
and objectives (8)

Mission fulfillment and open,
communicative and efficient
behavior (9)

Promoting rules and private
sector responsibilities (7)
Ensuring that norms and
procedures are in line with
investors” expectation and
capacity (6,7)

Enforcing laws, specially about
contracts (6,7)

Providing basic infrastructure
facilities and services (2,7)
Ensuring adequate
management of utilities
companies (6,7)

Ensuring efficient land, real
state markets and land tenure
security (6,7)

Planning

10 year forecast of land and production factors (1,3,12)
Identification of poor urban households (1,12)

Land use plans (2,12)

Provision of land tenure security and safe water (2,5,12)
Prepare rural-urban transport plans (2,12)

Design food market and processing

infrastructure (3,2,12)

Information

Food hygiene and nutrition rights (5,8)

Agro-inputs and chemicals use, safe solid waste (4,8)
Infrastructure facilities and services

Define markets infrastructure needs and
slaughterhouses considering ecology (2,4,12)

Land allocation mode (2,12)

Design and manage FSDS infrastructure (2,12)
Maintain waste infrastructure disposal (4,12)
Training to traders and shopkeepers (3,12)

Levy taxes and markets fees (6,12)

Provide transport for FSDS (2,12)

Regulations

Land occupancy use (2,7)

Control production, processing and marketing
deeds (3,7)

Food quality standards (5,7), Meat inspection (5,7)
Hygiene and health in food processing (5,7)

Traffic management (2,7), Pollution control (4,7)
Enforce legislation on water (4,7)

Seek legal reforms for public
agencies roles clarifications
Identification of institutional and
departmental responsibilities
concerning FSDS (11)

Ensuring through training
motivation and monitoring that
personnel is equipped to meet the
growing food demand for
efficiency and accountability.
(8,11) *HA

Ensuring that the producers,
processors, transporters,
shopkeepers, consumers and
traders are voiced within the
central government (9)
Complementing efforts made
by farmers associations,
NGO’s and local authorities in
rural and peri-urban areas to
lobby the central government
in order to reduce productions
constrains and strengthen
rural-urban linkages (10) ***

* Agents: producers, processors, traders, shopkeepers, street vendors, transporters and consumers. ** Food Supply and Distribution Systems (FSDS). Policies topics within those
40 policies included (the number in the table refer to specific topic indicated with the same number within parenthesis): households (1); land use (2); supply and processing (3);
environmental issues (4); health and nutrition issues (5); budget or capital levying from FSDS activities (6); other activities and actions included participation—dialogue with
stakeholders for public policy (4 out of 40), interventions in the food market (3 out of 40 policies), information and education activities (4 out of 40). In addition, a classification of
the type of policies is shown as follows: (a) law enforcement policies: (7), (b) policies related to information and education issues (8), (c) participation and dialogue to build public
policy (9), (d) stakeholders collaboration for improvements of FSDS (10), (e) public administration clarification roles (11), (f) understanding and planning of FSDS (12). *** Policies in

line with FAO’s competence.
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The report “A briefing guide for Mayors, City Executives and Urban Planners in Developing
Countries and Countries in Transition” [24] from the Food into Cities collection highlights the lack of
planning and awareness of overcoming food demand due the blurred lines of responsibility between
government agencies and insufficient consultation with market users. It initially focuses on issues
related to the availability infrastructure, land, water, soil and forest resources to keep the FSDS
working. According to it, the main cause of the lack of effective policy development is the inadequate
understanding on: (1) urban consumers’ food habits and purchasing behavior as well as local FSDS;
(2) relevance of municipal budgeting, tax policies, public service delivery, trade and market regulations,
public-private partnership frameworks for urban services, land-use planning and regulation; (3) need
to incorporate FSDS aspects into planning at the regional, metropolitan and urban levels.

According to the mentioned report, there are three goals policies should be directed to:

(1) Economic Goal: efficiency and capability of the system to provide low cost food to low income
consumers and food production incentives through equitable marketing opportunities for farmers

(2) Social Goal: minimizing food insecurity in poor households to achieve: improved equity from
lower food prices; reduced social disruption, because supplies and prices are more stable;
increased employment and income opportunities in the food sector

(3) Health and Environmental Goal: eliminate food-related health problems and minimize the
FSDS activities on the environment by fostering: better hygiene conditions in the food chain;
environmentally friendly and sustainable food production systems; better located, maintained
and managed food market and processing infrastructure; better market and slaughterhouse waste
disposal and use; better attention to ecological conditions of the city during planning.

The following section contains the consideration after FAO’s policies analysis and classification
resulted from the application of ST and SD approaches and the attention to the key points elicited from
the FSDS framework model construction.

7. Results and Limits of the FAO’s Policy Analysis and System Thinking Solutions

A clear definition of the main problem to be addressed with urgency is absent in the FAO
policy design. Thus, proposed policies are generic and belonging to a different nature of issues,
intervention scales and stakeholders’ responsibility that might (or not) be related with the targeted
area. Additionally, no method is suggested to assess policies and prioritize among them In FFFA we
also observed a description of events that are part of the FSDS dynamics but a strict causality and
categorization of dynamics is absent. It is assumed that external factors are stable in the short run
or their change can be anticipated. According to FFFA system boundaries and changes are affected
by: “External factors” which are the regulatory framework (laws) of the market interaction rules and
stocks of infrastructure and land (urbanization, food needs, institutional constraints and services)
and “Internal factors”: these are food production and consumption items and their variables or
drivers (consumer habits, supply chains, market strategies, distribution infrastructures). This type
of categorization is not compatible for a system analysis; instead, a system analysis calls for the
recognition of the endogenous variables which are part of the system structure and relevant for
explaining the system behavior, exogenous variables, which are not specifically parts of the system
structure. For instance, land and food needs (depending on population) considered external in FFFA
are fundamental dynamic elements to explain the status and behavior over time of the food systems.

In reference to the report “A briefing guide for Mayors, City Executives and Urban Planners in
Developing Countries and Countries in Transition” [24] none of the economic, social and health and
environmental goals are related to the main one “Meeting urban food needs”. Particularly, none of
these goals was directly related to the increasing urbanization, which highlights the risk of not selecting
significant policies to meet food needs and leaves the problem unaddressed.

FAQ's policies recommendations correspond to structural and operational issues, being superior
in number the operational proposals. The city majors are mentioned as the most relevant stakeholders
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but they lack capacity to implement structural solutions. Some of the required interventions suggested
involve a stakeholders’ variety, each with specific interests, where an agreement is unlikely to happen.
Selecting accurate intervention is fundamental. An evaluation of the degree in which localities,
scale highlighted by FAO, can address the main challenges their current metabolic flows present can
be useful to identify other relevant stakeholders and other scales of intervention needed.

FAO as international organization has no coercive competence for intervention in the countries of
study. Nevertheless, it explicitly offers to urban planners and local technical assistance for a proper
understanding on the FSDS and the application of an interdisciplinary, multi-sectorial and participatory
approach to find sustainable solutions [22]. As international organization, FAO, lacks of coercive
capacity but has a potential role in disseminating useful information for better decision-making. It is
important to take into account that FAO’s goal might differ from the goals of food production and
distribution agents.

FAQO’s FSDS assessment and policies suggested present opportunities on rethinking the level
of intervention required to meet urban food needs and the stakeholders who should be involved.
Often, the analysis of problems faced by society is limited to the operational issues of the single system
to which decision makers’ mental models relate the problem. However, designing a comprehensive
policy for FSDS is not simple. The lack of alignment of goals with the system structural boundaries
that generate the gaps will undermine the system performance improvement and make it dependent
to symptomatic solutions.

An advice for FAO from system thinking is to look beyond the players, the rules; given that
solving specific needs of agents, as numerous policies proposed, might not be as significant as
analyzing interconnections among the system elements and identify the information and material
flows that makes them operate in certain way [43]. Specifically, it could promote the FSDS dynamics
understanding with its internal and external constrains for improving organization capacities and,
finally, positively impact food security. Part of this useful information for decision makers should
address the structural challenges for achieving food security especially of low income households and
a critical perspective on consumption patterns and the balances with the production capacity of local
food systems.

In addition, environmental goals are closely connected to urban food gaps because are functions of
the territorial carrying capacity and should be taken into account as primary limiting factor. One core
point to bring to the agenda is the urban growth trends which progressively downgrades the territories
capacity for producing and distributing food. Cities viability and social resilience has to be assessed
taking into account the current socio-economic structures and natural constrains of complete regions.
Regional systems might still have the potential of supporting cities development and goals (including
filling the food gaps) as long as they are coherent with their biophysical limits. Regions conform part
of the macro-structure where production and consumption balances and territorial equities can be
tested based on agro-ecological functions fulfillment of rural and urban spaces. Local strategies should
be aligned to regional strategies, which assess in a systemic way the planetary boundaries under which
all food supply and distribution activities depend on. There might be the need of scaling-up new
institutional frameworks.

The main limitation of this work is its qualitative approach and the lack of consideration
of the global scale in the proposed framework. Global and planetary issues often have local
and specific consequences and should be considered in specific urban food policy assessments.
Quantitative modeling of food systems within cities-region boundaries might be developed following
the modeling steps of the SD techniques [42]. Similar model approaches have been successfully
applied to increase food resilience in developing countries [44]. Starting from this work, the available
causal map should be considered to identify the main stocks and should be modified to be applied
to a specific case study. Historical trends of the identified gaps should be considered as reference
mode for the model structure definition. Connections among variables should be validated with local
experts. Parameterization and calibration should be performed considering historical trends of social
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and technical statistics available at local level. The final model will probably include a large amount
of variables and the whole development should be performed by steps, finalizing the creation and
validation of specific sub models. It will allow increasing both the level of details and robustness and
affordability of the model outputs. Policy formulation and scenario analysis will take the last step.
The modelling formulation and use should be guided by a multidisciplinary approach, as epistemic
ground as a prior issue.

8. Conclusions

The food supply and distribution system (FSDS) model presented in this paper constitutes a
framework which provides, in a simplified way, the dynamic structure between land, population,
food distribution and production processes, resources, technology, economy and employment.
The structural analysis of FSDS highlights the following as key elements towards a sustainable
agri-food system in urban and rural territories: (1) FSDS mechanics are embedded in the field of
Urban Dynamics: population, infrastructures growth and urbanization highly impact the FSDS
organizational capability to provide food; (2) Conceiving population growth as the main problem in
effectively feeding cities (thus given the raise in food demand) is only partially correct. The way most
cities are conceived and structured is what contributes to the system being unsuccessful on meeting
urban food needs; (3) Supply and Distribution Systems are just a part of a wider system. Urban, rural
and peri-urban dynamics cannot be longer treated in isolation if the aim is to meet population food
needs for the next decades. Cities metabolic processes are embedded in a growing urbanization trends
where the processes to supply food are limited by the urban and rural structures of complete regions.
Rural and Urban structures share important natural funds and their interaction is relevant on each
other development. Concentrated and extended urbanization increase the pressures of FSDS systems.
Innovations in agri-food systems and networks should not focus just on the operational issues of
FSDS. Instead, the systemic perspective of this research has suggested take care of the structural issues
of FSDS.

In the light of the limits of science while dealing with intervention in complex systems and the
lack of information of agents within the system for optimal solutions, clarity on the information about
the system’s characteristics and conditions is useful to build on the current existing knowledge for
modeling and simulation purposes. Complex system literature and Urban System frameworks offer
new perspective for stakeholder orientating. Complex system methodologies can be used to assist
autonomous stakeholders on their decisions. Simulation methods could be used as policy support
tools to test the system response to operational and structural policies and find equilibrium states.
Resilience and sustainability assessments are an example of the possible applications. Additionally,
the study of production and consumption balances and urban metabolic processes are relevant research
areas to test new paths towards the reconfiguration of food systems of cities and regions. Specifically,
using urban metabolic goals and viability checks should support the assessment of production and
consumption balances in specific urban context and from those, policy goals should be defined.

Acknowledging systems and regions as self-organizing systems opens the possibility for creating
new institutional agreements and rules to embed an order principle on the design of new structures
and assist agents’ behavior. This could be a guide for rethinking human settlements and building
other agri-food networks systems as it brings a different perspective on governance issues. Basically,
the city change is constantly happening stimulated by some drivers responding to the system structure
(decision rules and material elements). Understanding the feedback processes of a self-organized
system instead of holding a linear-minded control aim reduces the attractiveness for top-down
governance approaches. Deterministic and stochastic tools can help to grasp the complexity FSDS
and cities and regions structures in order to inform policy makers about the system they are dealing
with and improve the interventions. A new institutional framework for city-region governance should
account for regional, continental and planetary issues. The cities development paradigm should
be revisited considering the city-region systems constrains or ecological limits and socio-technical
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infrastructures should be adapted to those, and not the other way around, in order to make face to the
current and future pressures on FSDS.
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