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Abstract 
What should be the policy to meet urban food needs in developing countries and those in 
transition? is FAO’s main question before the current overwhelming increase of urban 
population. To answer, it is necessary to understand the problematic of FSDS and the 
structure causing it to be really able of assessing any policy to reach the goal. Therefore, 
the objective of this work is to improve the FSDS understanding, as complex systems 
embedded in socio-ecological contexts, by addressing FAO’s framework limitations 
using System dynamics methodology. We have identified and categorized the main FSDS 
variables, conceptualized the FSDS and characterized and analyzed their dynamics, 
among them, the traditional and erroneous logic to build policies, which decreases the 
resilience and efficiency of the system, and further on the possibility of reaching the goal 
“meeting urban food needs”. A framework setting to understand the FSDS structure and 
its dynamics is presented and described as the first part of the SD updates to FAO’s 
methodological and operational guide. Recommendations based on FAO’s competence 
are made in the light of the insights of the dynamic analysis proposed. 
 

1. Introduction: Food system as complex system  
 
During the past 50 years several international organizations using different 
methodological approaches have predicted the increase of world’s population and 
therefore, food demand for the next decades. It will require a change in perspective while 
looking at the current economic and biophysical dynamics and a proportional increase of 
organizational strategies to improve food security. 
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FAO assessments on Food Supply and Distribution Systems (FSDS) to cities (Aragrande 
and Argenti, 1999), highlight the need for effective, coordinated and sustainable 
interventions in developed and transition countries. An integrated assessment of changing 
technical, economical, social and environmental factors affecting both the urban and the 
rural areas is calling not just for the use of new tools, which are capable of making the 
evaluation of dynamic elements interacting among them, but also for a new 
comprehension capable of revealing a systemic approach coherent with real world FSDS.  
 
FSDS are complex systems, thus, complex methodologies are suitable for their study. 
Among several, System Dynamics (SD) stands out as methodology to conceptualize, 
analyze, understand and manage FSDS (Armendariz et al. 2015). SD allows to describe 
the system structure and its behaviour over time, to identify the leverage points of the 
system, to apply or test possible policies and to forecast the decision effects on the system 
through simulation (Sterman, 2001). In the work of Armendariz et al. (2015) the potential 
use of the System Dynamics to improve the understanding of FSDS was described and 
the next key points were elicited using system archetypes: 

1. The FSDS functioning is embedded in the field of Urban Dynamics:  population, 
infrastructure growth and urbanization highly impact the FSDS organizational 
capacity to provide food.  

2. Population growth as the main problem to feed cities, given the raise in food 
demand is partial, thus, is wrong; the structuring of cities is what contribute to the 
system inefficiency. 

3. Supply and distribution systems are part of a single system. Urban, rural and peri-
urban dynamics cannot be longer treated in isolation if the interest is to meet 
population food needs for the next decades. 
 

Those preliminary findings are inputs to the SD updates to FAO methodological and 
operational guide to understand FSDS in developing and transition countries (Aragrande 
and Argenti, 1999) from where the question “what should be the policy to meet urban 
food needs in those countries?” is distinguished.  This paper is the first part of the updates 
to answer that question. The objective of this work is to improve the understanding of the 
FSDS main dynamics, among them, the traditional and erroneous logic to build policies 
which decreases the resilience and efficiency of the system and further on the possibility 
of “meeting urban food needs”. The study of FAO’s guide and complementary 
publications from the Food into the cities collection allowed the identification of the 
limitations of its approach and the SD contributions to study of FSDS.  

A framework setting to understand the complexity of the environment where decisions in 
FSDS are made was elicited after the:  

• Identification and analysis of the problem, goal and solutions according to FAO  
• FSDS conceptualization, based on FAO’s literature, and analysis  
• Identification of the main stocks, flows, and relevant variables and definition of 

the system boundary. 

This work aims to enhance the communication of a systemic and dynamic perspective of 
FSDS among different recipients, especially decision makers of developing and transition 
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countries under FAO’s guidance, and is expected to boost theoretical and practical 
discussions in the area. 

2. Description of the FAO’s methodological and operational 
guide to understand FSDS 

 
Geographical and social coverage 
FAO’s operation and methodological guide (Aragrande and Argenti, 1999) consists in a 
fundamental study for the characterization of food supply and distribution systems based 
on the observation developing countries and countries in transition, especially from Latin 
America, Africa, Near East and Asia. The next figure shows the geographic coverage 
area of the study. 
 

 
 

Figure 1 - Geographical coverage of developing and transition countries considered in FAOs Inter regional 
program. FAO (2001) 

Although, FAO’s methodological and operational guide1 does not make a direct reference 
to a single main problem, from its narrative and complementary publications a problem 
can be elicited. The publication Food supply and distribution to cities: Urban Dynamics 
and Food Security” (FAO, 2000, p.1) states: 
 

“ The increasing urbanization of transition and developing countries represents 
the need to organize food production, processing and marketing facilities so as to 
satisfy an urban demand characterized by growing poverty levels.” 

In addition, the methodological and operational guide (p. xiii) the following presents this 
main question: How that growing population can adequately feed, in particularly, the 
low-income households? 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 	  In	   this	   work,	   references	   to	   “FAO’s	   operational	   or	   methodological	   guide”,	   or	   “FAO’s	   guide”,	  
correspond	  to	   the	  document:	  Aragrande, M., Argenti, O. 1999. Studying Food Supply and Distribution 
Systems to Cities in Developing Countries: Methodological and Operational Guide. Food into Cities 
Collection, DT/36-01E. Rome, FAO. 	  
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Poverty is mentioned as a significant condition of the increasing urban population. 
Which, besides, has been attributed to play a role in the food accessibility. In some cities 
as Lagos, Dhaka, Freetown, La Paz, Kinshasa, Guatemala the poverty rate is up to 50% 
of the total population (FAO, 2001). 
 
            a) 

 

  
b) 

 
Figure 2 - Urban and Rural population of the world 1950-2050. Figure a) Worl population b) Proportion urban-

rural in Africa, Asia & Latin America.UN (2014). 

 
Operational Goals 
As there is no clear problem definition, goal and main solution explicit statements in 
FAO’s guide, from the main studied literature2 it was possible to identify as: 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 a) Aragrande, M., Argenti, O. 1999. Studying Food Supply and Distribution Systems to Cities in 
Developing Countries: Methodological and Operational Guide. Food into Cities Collection, DT/36-01E. 
Rome, FAO  b) FAO. 2000. Food for the Cities, Food supply and distribution policies to reduce urban food 
insecurity: A briefing guide for Mayors, City Executives and Urban Planners in Developing Countries and 
Countries in Transition, Food into Cities Collection, DT/43-00E. Rome, FAO c) FAO. 2000. Food Supply 
and Distribution to cities: Urban Dynamics and Food Security. Rome, FAO.	  
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A. Goal: “Meet the urban food needs” Sometimes confused with a problem 
statement. FAO’s Food into the cities collection is addressing this goal. Chapter 6 
contains an explanation of the gap to eliminate to reach the goal and how this 
indicator drives policies in FSDS. 

B. Problem: Increasing urbanization. Other problems of FSDS described are derived 
from this main one. Four basic consequences are highlighted: 
1. Land competition: between housing, industry, and infrastructure and 

agricultural production within and around cities; it also includes the 
competition among land use for biomass production destined to food, feed or 
renewable energy; 

2. Increasing quantities of food required to feed cities and its distribution within 
the expanding urban areas; 

3. Consumption habits and food purchasing behaviors modifications 
4. Low-income households food accessibility problems due to the likelihood to 

reside far from food markets and the lack of basic infrastructure -roads, 
electricity and water -. 

C. Solution proposed: improving the FSDS. The main problem elicited from the 
literature is the increasing urbanization; the major part of policies proposed by 
FAO addresses the functioning of FSDS.  

 
A detailed analysis of those policies (Table 1) is presented as an input to assess FAO’s 
possibility to reach the goal under its framework of analysis. In the following section we 
will explain what is understood by FSDS.  
 
System characteristics 
FAO defines Food Supply and Distribution Systems as “complex combination of 
activities (production, handling, storage, transport, process, package, wholesale, retail, 
etc.) operated by dynamic agents, enabling cities to meet their food requirements” 
(Argenti & Aragrande, 2001).  
 
The subsystems in Figure 3 represent the following concepts: 
 

 
Figure 3 - FSDS sub-systems. Own elaboration 

 
 
 

Food 
supply to 
the cities 

(production 
system) 

Food 
distribution 
inside cities 
(distribution 

system) 
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“Food supply to cities”  
In other words, the food production system includes all the activities that generally take 
place outside the urban area: production (including urban agriculture), storage, 
marketing, processing and transport of food to the urban area (generally to a wholesale 
market). Some of the main constraints faced by actors in this subsystem are: 
1) The scarcity of suitable lands, safe water and pesticides, or the latter’s inadequate use, 
which can contaminate food crops; 
2) Difficult evacuation of food crops - mostly by smaller producers - to markets, due to 
inadequate or non existing rural roads;  
3) Inadequate handling, packaging and transport modalities; 
4) Lack of cold storage facilities; 
5) Unofficial taxation levied by authorities. 
 
“Urban food distribution”  
or the food distribution system consists of the activities required to distribute food within 
urban areas. They range from wholesale markets, to intra-urban transportation and 
formal-informal retailing. Some of the main constraints faced by actors in this subsystem 
are:  
1) The capacity of existing wholesale markets in efficiently handling growing food 
quantities. In many countries, they were constructed in areas that now are densely 
populated.  
2) Growing urban traffic congestion, being exacerbated by increasing lorries and vehicles 
for food transport; 
3) Inadequate retail markets, many of which are often congested and unhealthy places; 
4) Limited entrepreneurial mentality of food shops; 
5) Higher food contamination risks caused by informal food sector activities. 
 
Figure 4 shows problem grids to analyze a) urban food demand and b) marketing 
channels. These matrixes are offered as a tool for decision makers of developing 
countries and transition countries to clarify the understanding of a problem and establish 
the different scientific disciplines required for a multidisciplinary analysis in FAO’s 
guide. 
 



 

Figure 4 - The Problem/Approach Grid to Analyse Urban Food Demand: Approaches (FAO, 1999) p. 57 
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Figure 5. The Problem/Approach Grid to Analyze Marketing Channels (FAO, 1999) p. 58 



 
Policy advises 
In order to retrieve and understand the policy logic proposed by FAO, policies contained 
in the documents of the Food into cities collection were classified. This search was useful 
to confirm the problem understanding; clarify FAO’s competence in the solution and 
identify what actions could be useful for decision makers and are possible for FAO. 
 
FAO’s guide (Aragrande and Argenti, 1999) provide the following considerations to 
improve FSDS (p. 93-101):  

• Description of supply and distribution agents needs (producers, wholesalers, 
retailers, market administrators and consumers); 

• Limitations, instruments and needed collaboration efforts of municipalities and 
local authorities to solve difficulties faced by the FSDS agents; 

• Role of the urban planners supporting the urban and peri-urban supply describing 
their intervention scale and actions. 
 

This guide mentions the municipalities’ local authorities as the most significant actors in 
the improvement of FSDS with five main roles. The next page shows a table (Table 1) 
with a classification of these policies. Of a total of 40 policies, stand out for its high 
recurrence policies related to the understanding and planning of FSDS (15/40), law 
enforcement (14/40), urban infrastructure, construction and maintenance (11/40). Of low 
recurrence: social issues (1/40), stakeholders collaboration for the improvement of FSDS 
(1/40), •Public administration role clarification in FSDS (2/40)3.  Policies of FAO’s 
competence are highlighted with a red frame. Any kind of prioritization is suggested 
among policies. 
 
In this very same document, an interesting finding was the guide to develop city 
scenarios (p. 73-77) (keeping the status quo vs. desirable scenario). 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  Other	  policies	   topics:	  Environmental	  (4)	   issues:	  4	  out	  of	  40	  policies,	  Health,	  nutrition	  (5)	   issues:	  5	  out	  of	  40	  
policies,	   Budget	   or	   capital	   levying	   (6)	   from	  FSDS	   activities:	   5	   out	   of	   40	   policies,	   Participation	   -‐	   dialogue	  with	  
stakeholders	   for	  public	  policy:	  4	  out	  of	  40	  policies,	   Interventions	   in	  the	   food	  market	  (3)	  activities:	  3	  out	  of	  40	  
policies,	  Information	  and	  education	  activities:	  4	  out	  of	  40	  policies.	  Next	  to	  the	  type	  of	  police	  outlined	  there	  is	  the	  
number	  assigned	   in	  the	  table	   for	   its	  easier	   identification.	   	   In	  addition,	   the	  color	  of	  background	  corresponds	  to	  
other	   classification	   of	   policies:	   a)	   law	   enforcement	   policies:	   gray,	   b)	   policies	   related	   to	   information	   and	  
education	   issues:	   yellow,	   c)	   participation	   and	   dialogue	   to	   build	   public	   policy:	   orange,	   d)	   stakeholders	  
collaboration	   for	   improvements	   of	   FSDS:	   purple,	   e)	   public	   administration	   clarification	   roles:	   green,	   f)	  
understanding	  and	  planning	  of	  FSDS:	  blue.	  
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Table 1 - Five main roles from municipalities to solve food insecurity of low-income urban households (FAO, 1999) p. 107. Own elaboration. 
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A more elaborated policy compilation is provided in the report “Food supply and 
distribution policies to reduce urban food insecurity: A briefing guide for Mayors, City 
Executives and Urban Planners in Developing Countries and Countries in Transition” 
from Food into the Food to the cities collection. 
 
This report explained the lack of planning and awareness of overcoming food demand is 
due the blurred lines of responsibility between government agencies and insufficient 
consultation with market users. It correctly focuses the attention 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: 

• urban consumers’ food habits and purchasing behavior as well as local FSDS; 
• 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; 

• need to incorporate FSDS aspects into planning at the regional, metropolitan and 
urban levels. 

 
Three goals are defined in this report (p.6) to where the policies should be directed:  

1) Economic Goal, efficiency of the system to achieve 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. 

 
Figure 6 is presented as “some” of the type of policies to improve urban food security, 
which shows the level diffusion of suggested policies, thus no clear results can be 
assessed from their implementation. It is important to mention that in FAO’s 
methodological (1999) guide the concept of “urban food security” is not presented, but it 
confirms the main goal identification. 
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Figure 6 - FAO’s representation of –some- policies required to improve Urban Food Security, (FAO, 2001) 

 

3. Limits of FAOs framework 
 
FAO’s literature comprises fundamental information explaining the FSDS functioning. 
Yet, from an analytical perspective there are important shortcomings. As already 
discussed by Armendariz et al.  (2015). Limits and possible contributions coming from 
SD methodology are: 1) Problem clarification, 2) Right dimensions of system: socio-
ecological systems, 3) Systemic and dynamic analysis: basic concepts, 4) FSDS 
conceptualization based on FAO literature, 5) SD and public policy. 
 
FAO’s literature explicitly calls for a systemic perspective: “A system approach is 
required because the food security of urban populations is the outcome of a long series of 
interrelated decisions, events, factors, etc., which affect the various subsystems of 
production, processing, marketing, distribution and consumption. Interventions in any 
subsystem are likely to have multiple repercussions.” Although some clarifications could 
be made to the former statement, it captures the systemic perspective of FSDS. It is 
relevant to clarify the: 

§ Problem 
§ Goal  
§ Feasible and effective solutions.  

 
From the analysis performed in the previous section on the “FAO’s methodological and 
operational guide to understand FSDS” the following considerations were gathered:	  
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Analytical issues: 
1) As there is no direct reference to “a problem” to be addressed with urgency, policies 

proposed are belonging to a different nature of issues, intervention scales and different 
stakeholders responsibility.  

2) There is no method suggested to assess any kind of prioritization between policies 
regarding their significance in the improvement of FSDS, understood as the solution to 
meet the goal, not to solve the problem.  

3) In later publications belonging to the Food into Cities collection, after the operational 
and methodological guide publication in 2001, there is a more clearer focus on urban 
development issues and the state of resources such as land, water, infrastructure, and 
capital. As there is no prioritization and a systemic analysis is absent reaching the goal 
does not seem feasible.  

 
Practical implications:  

1) There are two main roles or stakeholders identified: the urban planners and local 
authorities of municipalities.  

2) FAO as international organization has no coercive capacities for intervention in the 
countries of study. Nevertheless, offers explicitly to urban planners and local 
authorities technical assistance to for a proper understanding on the FSDS and the 
application of an interdisciplinary, multi-sectoral and participatory approach to find 
sustainable solutions (FAO, 2001, p.5)  
 

In addition following the report “A briefing guide for Mayors, City Executives and Urban 
Planners in Developing Countries and Countries in Transition” from Food into de cities 
collection, it appears that Economic, Social And Health and Environmental pursued goals 
of are related to the main one “Meeting urban food needs”. Particularly, none of these is 
related to the problem and this represents the risk of selecting not significant policies to 
meet the goal because the problem is unaddressed. Additionally, these are FAO’s goals; 
food production and distribution agent’s goals might differ from them.  
 
In Aragrande and Argenti’s work (1999) we also observed a description of the events that 
are part of the FSDS dynamics. 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 FAO system boundaries and changes are affected by (Table 2):  

§ “External factors” which are tendencies and regulatory framework (laws) part of 
the market interaction rules of the sociopolitical arena and stocks of infrastructure 
and land (urbanization, food needs, institutional constraints and services,  

§ “Internal factors”: are flows of food production and consumption and variables 
that affect them (consumer habits, supply chains, market strategies, distribution 
infrastructures, etc).       

 
Actually what FAO divides is the perception of what would be internal factors and 
external factors of FSDS processes, part of the system structure or a result of it.  
This categorization does not allow for a dynamic analysis. 
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Table 2 - FSDS External and Internal Factors (Aragrande and Argenti, 1999) p.78 

 
 
 
4. SD updates to FAO’s framework 
 
In Table 1, we can see the planning policies in which System Dynamics as can provide a 
methodological framework to analyze the problem and solve some of the questions to 
determine the best policies intended to achieve the goals and make possible the forecast 
of the city in a 10yr horizon suggested by FAO. In the next section, we will explain in 
details the SD contributions to FAO’s guide. 
 
Understanding how a system works requires an appropriate dimension to look at it.  The 
ideas of treating human and ecosystem spheres separately and linear, predictable and 
controllable ecosystem responses to human action are two primary errors when dealing 
with environmental issues. The acknowledgment of biophysical limits is fundamental for 
risk avoidance and sustainability applications in socio-ecological systems (SES). These 
systems act in non-linear ways, are strongly coupled and possess thresholds in their 
dynamics (Folke et al, 2002). Different kinds of elements (biophysical, social, economic, 
geographic, cultural) have to be considered for the analysis of these systems. FSDS are 
embedded in SES. To evaluate their potential to meet the urban food need looking at the 
economic, social and biophysical conditions, natural resources and their own cycles, is 
basic. As FSDS work on these resources to function, their maintenance is vital. Daly’s 
(1990) set some rules for their maintenance:  

§ Renewable resources:  harvest rate should not exceed the rate of regeneration 
§ Pollution: rate of waste generation should not exceed the assimilative capacity 
§ Non-renewable resources: depletion should require comparable development of 

renewable substitutes. 
 
FSDS, to be able to meet urban food needs, need to be: resilient, inclusive, efficient, 
dynamic and sustainable (Aragrande and Argenti, 1999). To assess these characteristics 
of systems a dynamic analysis is required (Armendariz et al., 2015). For example, to 
know whether a FSDS is sustainable based on its resource consumption, we would need 
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to have in consideration the state of the actual natural resources and their change over 
time given a certain consumption rate and other system influence over that rate.   
 
In SD methodology the dynamics can be conceptualized through Causal Loop Diagram 
(CLD), a map of the feedbacks present in the system. The system can also be analysed 
through a simulation after the construction of a Stock and Flows Diagram (SFD) which is 
a quantitative assessment of the system in which the model formulation consists on the 
elaboration of equations explaining how variables are interconnected with others and how 
the accumulation processes are determined by the change in the flows altering the state of 
the system levels or stocks.   
 
As we have discussed before, FSDS are SES and as complex systems, they are dynamic: 
in constant change not static, and possess nonlinear relations. Analytical methods capable 
of addressing the relations, feedback processes between their elements consecutively or 
simultaneously even within different scales of the system according to the boundary 
definition selected possess a higher degree of difficulty (Constanza, 1993). 
 
Computer modeling for SES management beyond a tool for certainty and control is also 
considered an aid for social exploration and design through the iterative process of 
simulation research (Meadows, 2002). Figure 7 (extracted from Zock, 2004 reported in 
Richardson and Pugh 1981) shows how the whole modeling process is an iterative 
process to get a better understanding of the system, which increases the likelihood of 
performing a good policy analysis.  
 

 
Figure 7 - Overview of the SD modeling approached 

(Zock, 2004, adapted from Richardson and Pugh, 1981) 
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Methodological update: from FAO narrative to SD diagrams 
As we have discusses, SD is one methodology to analyze complex systems, an analytical 
tool for understanding and, in the best case, manage them. It does not constitute by itself 
a complete analysis or knowledge on phenomena. Their usefulness in analyzing a system 
or a problem also depends on the quality of content and narratives under study, in other 
words, the information and multidisciplinary approach behind the model built. Figure 8 
represents our work process that is presented in this paper and which includes: 
  

1. Study of the FAO narrative based on Aragrande and Argenti (1999); 
2. Classification of FAO variables in stock, flows, endogenous and exogenous 

variables 
3. Elaboration of an extended CLD based on FAO variables aimed to consider all 

processes focused by the FAO methodological guide; 
4. Elaboration of a summarized diagram to better focus the main dynamics of the 

FAO perspective and framework. 
 
 

	  
Figure 8 - System Dynamics analysis of FAO’s FSDS framework. Own elaboration. 

 
In Aragrande and Argenti’s work (1999) we observe a description of the events that are 
part of the FSDS dynamics. A strict causality and categorization of dynamics is absent 
(Table 2). Studying FAO’s literature from a SD perspective allowed us to identify the 
endogenous and exogenous variables of FSDS. After the identification of the variables 
and their categorization a qualitative analysis of the FSDS was developed by the authors 
as petition of FAO, this diagram was validated and modified by FAO in a special session 
of expert workgroup meeting. The qualitative diagram (Figures 9, 10 and 11) has been 
useful for the general understanding of the FSDS complexity and main accumulation 
processes. It has constitute the basis for:  

§ A framework setting (chapter 6) to understand the main dynamics of FSDS,  
§ A quantitative model currently under development on what will be part of the 

second SD updates to FAO’s guide. 
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The FSDS CLD (Figure 11) presents in an aggregated way the most important variables 
identified in FAO’s guide; the variables displayed consider other endogenous within 
them, for example, land demand for housing is considered within land demand for new 
infrastructure. Following, it will be described separately for the two main highlighted 
boundaries of food production and food distribution. 
 
Food production subsystem corresponds to the variables in color green in the left inferior 
part of the diagram.  The main feedback loops found were three reinforcing loops. The 
first R5 has to do with the rural development rate given the agricultural employment, 
which reduces the emigration to the cities. Rural development rate is also increased by 
the investment on food production activities and the availability of land to produce. With 
this reinforcing loop it is important to acknowledge the risk of having low rural 
development rates, high emigration thus less agricultural production. 
 
R6 in the production subsystem expresses the improvement dynamics rural development 
brings. In this case, it increases the demand of technical training and for technology 
which has a positive impact in the agronomic practices increasing the production 
efficiency, this, decreasing the technical gap of the production farm and the need for 
technology or technical training. R7 shows how the farms specialization rate as a 
consequence of the technology, education and training. Important stocks that are part of 
the rural infrastructure for production are commercial farms, collecting and storage 
packaging points and processing plants. Land available allows for land for agricultural 
land after investment. 
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Figure 9 - Production subsystem based on Aragrande and Argenti (1999). Own elaboration. 
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The distribution subsystem is in the right superior part in the CLD (Figure 10). Variables 
are identified with brown color. Here the food processing, distribution and markets 
dynamics take place.  Important loops identified are R2 that expresses the reinforcing 
dynamic of building roads due to the increasing congestion in cities, which affects 
negatively the food distribution activities. Here it is important to note two things: 

§ Increasing congestion due to the urban growth will keep going the need of new 
roads and  

§ New roads are only possible after the availability of land for infrastructure. 
 
Another important loop is B1, that shows how the efficiency in food processing and 
distribution activities increase the food supply and help to reduce the food security gap 
which boost the need for policies focused on improving efficiency in transportation and 
or food industry. B2 shows that if the food supply is not enough to cover the demand 
another kind of policy is normally implemented. This policy is focused on the 
improvement on the rural roads to cities in order to reduce the transportation time and 
increase the food rates to the cities, this policy will have impact in reducing the waste of 
food by reducing the transportation time and increasing the amount of food delivered to 
cities. B3 shows the food markets consumption allows for households consumption 
reducing the food security gap. 
 
In this diagram the indicator “food security gap” is modeled in abstract terms, but it 
consist in the difference between what it is required by the total population and the food 
that is consumed, and the difference between what is required and the amount of food 
available. These considerations have to do with: 
 

• Access possibility, therefore income, availability of food – sufficient urban supply 
from production activities and u 

• Use of food that has to do with the amount of food with the nutritional 
requirements of all population living in a certain city.  

 
In this case, it was modeled the informal markets given the inefficiency of formal 
markets to distribute food for final household consumption. Aragrande and Argenti 
(1999) explain that this is given because low-income households generally live in the 
peripheries and don’t represent an important consumer sector for the formal market. 
Therefore, in order to supply food, there are informal markets that generate employment 
and satisfy food needs the formal market is not taking care on. According to FAO’s guide 
informal markets are considered an important congestion issues by majors. 
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Figure	  10	  -‐	  Distribution	  subsystem	  based	  on	  Aragrande	  and	  Argenti	  (1999).	  Own	  elaboration.	  
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In Figure 11 the complete image of the CLD is presented. R1 shows the urbanization 
process, where it is relevant the land use. If the city keeps growing and demanding land 
for urban infrastructure, land for agricultural uses is decreasing and with it, the possibility 
of rural development out of food production processes, which increases the emigration 
rates to cities. B4 explain how the food security gap out of the lack of insufficiency of 
certain food products will boost a rise in price, increasing the utility production and 
investment, which will increase the rural development and decrease the emigration rates. 
This will just happen if the other factors such as land availability are in place. In FAO’s 
guide it is considered the natural resources as a source of production. The policies 
proposed are following a foot print perspective R4, meaning that the environmental 
degradation out of the food production, processing and distribution, specifically related to 
pollution issues. In this way, environmental policies will always needed but might not be 
significant given that are just a measure of the consequences at the end of the chain of 
processes. This perspective is still far the sustainability notions formerly explained in this 
work (Daly, 1990), and far from the acknowledgement of inhabitation in socio-ecological 
systems.  In the next section of this work, we will explain why it is relevant that policies 
related to environmental issues go beyond the ecological footprint perspective to a 
dynamic assessment of resources maintenance. 
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Figure 11 - Qualitative analysis of FSDS dynamics required by FAO as an introduction to SD methodology. Based on Aragrande and Argenti, 1999. Own elaboration. 
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FAO’s operational and methodological guide raises three questions pointing to the 
improvement of FSDS:  

1. How can a well-identified problem be linked with numerous possible solutions?  
2. What will be the "best" solution?   
3. How can selected solutions be framed in the context of development programmes 

spanning urban, periurban and rural areas?  
 
 In front the limitations from FAO’s guide to address these questions and bring useful 
information and recommendations for decision makers in developing and transition 
countries, SD methodology allows the possibility of:  

§ Developing a framework for the understanding of FSDS  
§ Creating a model as learning tool about the environment and sources of policy 

resistance.  
 

The SD model can be useful to: test policies and promote understanding and, in the best 
case, promote sharing goals among stakeholders.  
 
SD limitations were also found in: 

§ Addressing emergent behavior  
§ Assessing individual dynamics of agents or actors  
§ Carrying out a proper and detailed spatial-geographic assessment, important to 

analyze FSDS.  
 

These limitations can be addressed with other tools as Geographical Information System 
(GIS) and methodologies such as Agent Based Modeling (ABM) and Structural Network 
Analysis (SNA) as suggested in Armendariz et al., (2015). 
 
As a first step to understand the dynamics of FSDS a simple framework setting was 
developed. Forrester philosophy teaches us that in order to 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. After the identification of the main dynamics 
and stocks from FAO’s literature we have selected the main modules that allow us to 
conceptualize in a simple way the environment and complexity of FSDS.  

5. Summarized proposal of a new FAO framework updated 
for a dynamic analysis 

 
The diagram in Figure 15 is an example of framework to describe a complex issue in a 
simple way without loosing its validity. A preliminary version of this framework setting 
proposed by the authors has been also validated by FAO in a experts workgroup meting 
in order to make sure it captures the essence of the dynamics where FSDS are embedded. 
The general framework will be described below by focusing on the identified loops.



	   24	  

Within the system, loop R1 represent the relationship among urban population and urban space and 
the dynamics of the urban geographical boundary. It depends on population dynamics and job 
dynamics. It also summarizes the urban planning and the infrastructure building process, which 
mainly depends on local factors. Natural resources are reduced as the urban space and 
infrastructures increase, especially if we think in land use, land consumption, pollution or variation 
of available non-renewable natural stocks. In this sense, B1 indicates the carrying capacity of the 
system and the limit to growth. The urban space for markets and food logistics are also part of 
urban planning, aimed to optimize the efficiency of the organization of the system, it consists of a 
balancing loop (B2) as urban space is limited its availability impacts the distribution and 
production processes, within this dynamic, land dedicated to urban food production means less land 
to roads building.  
 

	  
Figure	  12	  -‐	  Framework	  setting	  of	  FSDS.	  Own	  elaboration. 

 
B3 indicates the ecological footprint of the FSDS that has a similar dynamics than B1. There is an 
internal reinforcing loop (R2), which indicates the food and distribution process are only possible 
after the urban space use and this, after the resources use, which includes non-urban land and non-
renewal resources. An external loop with these same modules (B5) indicates that production and 
distribution processes make also use of the resources by its part, competing with the infrastructure 
and urban dynamics resources use. Both of these dynamics are expressing the risk of 
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overconsumption resource rate for the maintenance of, not just the food and distribution activities, 
but also the system itself.  
 
Urban population, intended as human aggregation (geographically, social status, cohort, etc.) is one 
of the main drivers of the current food demand understood as the amount of food which the people 
is looking for in a certain market condition. It depends on different factors: population number, 
income level of people living in the area and food availability provided by supply and distribution 
chains. Population dynamics are undoubtedly one of the most important drivers of food demand. 
However, production and distribution management deficiencies contribute to decrease the food 
supply of cities, to increase the nutritional gap of the people and the food demand. The module 
Food demand at market level means amount of food demanded useful to calculate food availability. 
According to Aragrande and Argenti (2001), food demand at market level calculation requires 
necessarily the consideration of people’s income. This should not be confused with absolute food 
demand, which will be an indicator of food requirement per capita multiply by the total population 
which can be useful to calculate other indicators as food nutritional gap, food sufficiency. The 
relation among food demand at market level and the production and distribution system is 
described by the (B4) loop, it consists of a balancing feedback loop aimed to increase food supply 
and reduce food demand. In this sense more production and distribution reduces food demand 
because increases food availability, which in turn decreases demand. The balancing loop (B4) 
determines the food gap. 
 
We found another external loop (R5) between urban space and infrastructure and food demand. 
Food demand pushes for the production processes and those in order to function require certain, 
urban space and infrastructure in order to meet the requirement. This reinforcing loop implies the 
burden of the food demand on the urban space, which requires more than short term thinking to 
provide a consistent solution; this will be further explained in the policies section. 
 
Food demand at the market level is also limited or boosted by economy and job dynamics, which 
puts a pressure on production and distribution activities from where job and food market revenues 
are obtained (R3).  An external balancing loop (B6) was found after capturing the effect of 
economy on the urban space and infrastructure, economy will boost the production and distribution 
process that will compete with other industries and households for space and infrastructure. The 
development of food production and distribution activities will rule economic dynamics as 
employment and therefore, income, for people working in those. 
 
Indirect effects of food market in economic growth and technology improvement are shown with 
R4. The improvement of the efficiency of the supply chain depends on the organization and the 
technology levels applied to production and processing which can have an impact in the FSDS 
resource use and urban space due to technological advances in distribution or production processes 
(B9). In this case B7 represents the food demand out of the population change, which determines 
the need for production and distribution processes and those the urban space and infrastructure 
change, which attracts population. Population allows for the economic dynamics, which increases 
their income to demand food in the market (B8) that follows the dynamic previously explained.  
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Policies 
The red arrow in the system (Figure 12) is the main question for FAO: “how to meet the urban food 
needs in developing countries and those transition?”   Policies aimed to improve food security and 
food availability at market level, or to boost the willingness to buy the available food in the market, 
are directly stimulated by the variation in food demand at market level. The reduction of the food 
demand gaps is the most generic objective of the food policies, but the effectiveness of policies 
have to consider important leverage point in the system components. 
 
Following the FAO’s perspective, future policies should target few main areas:  

1) Urban space and logistic, aimed to optimize the organizational part of the system; it should 
aim to built an effective platform of food distribution able to support both the increasing 
population and the increasing supply chain without increase the food demand gap. Urban 
land and people density, low urban congestion, adequate food road maps and number and 
type of regular markets and informal markets are the key variables of this area that will 
reach the attention of policy makers (B10). 

2) Technology level used in production and processing activities, in order to improve the 
efficiency of the supply chain, control pollution, reduce wastes, etc; it consists of a 
balancing feedback loop aimed to increase food supply and reduce food demand (B12); 

3) Economic and jobs dynamics are needed to be the engine of food access (R6).  In addition, 
there is the hypothesis that the socio-economic aspects of urban population are highly 
related with undernourishment/obesity problems and with the type and quality of preferred 
foods by the consumers, in this case, a health assessment should be considered out of the 
economic development.  All the considered loops are aimed to balance the forces that are 
driving the system behavior and to enhance system equilibrium, which will cause the 
reduction of public policies. 

4) An important “side effect” of the food policy could be represented by the relationship with 
natural resources; land use, environmental sustainability and social metabolism variables 
are strongly related with supply chains, consumers’ life and waste disposal and it should be 
taken into account when food policies are designed in rural and urban areas. In fact, a 
dangerous reinforcing loop that links natural resources and growth of human activities (both 
for supply chain and consumption) might drive an exponential decay of the system inputs 
(R2). For that reason food policy have to directly take into account the environmental 
impact of the entire chain and its future sustainability. New indicators should be developed 

 
FAO’s Food into the city collection late publications shows urban planning as a central idea for 
policy. When policies of urban planning are formulated, blue arrow in the system diagram (figure 
12), they have indirect or side effects in FSDS (B1, B2, R1, R2, B5).  
 
The goal for the second part of SD updated to FAO’s guide is, throughout the quantitative 
modeling of the methodological guide of FSDS, to provide enough instruments to the urban policy 
makers to: 

§ Estimate the urban food demand; 
§ Estimate the food supply to the cities; 
§ Dimension the infrastructures that maximize food availability, food quality and health 

safety of food chains; 
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§ Dimension the interventions to reduce food gaps at market level acting on urban planning 
and land use planning and suitability; 

§ Reduce the environmental impact of food systems in order to increase sustainability. 
§ Discern between the most significant policies for their implementation and explore their 

priority according to the outcomes desired, through simulation. 
 
Multidisciplinary approach is required to formulate polices on the system as well as to model it.  
Currently, the authors of this paper are trying to address the lacks of SD and FAO’s framework 
with other disciplinary and co-disciplinary contributions. 

6. Conclusions: priorities and recommendations 
 
FAO’s guide (Aragrande and Argenti, 1999), presents a variety of urban situations, specific 
problems belonging to different stakeholders, institutional process and environmental and urban 
dynamics, being elicited as the most significant for FAO the urbanization process and its 
consequences.  “Feeding adequately a growing population, in particularly, the low-income 
households“ is understood as FAO’s goal, a gap elimination aim.  The improvement of the FSDS is 
the solution proposed but the policies provided are not free of conflict or even contradiction with 
others. Interventions involve a stakeholder’s variety with specific interests where an agreement is 
unlikely to happen.. 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 (Meadows, 2008).  
 
Before the question “what would be the policy to meet urban food needs?” SD methodology 
allowed us clarifies the perspective to study the FSDS and get a ground to assess policies. In order 
to eliminate the gap, i.e, meeting food needs, it is necessary to understand the socio-ecological 
system: feedback processes between environment and socioeconomic system. The identification of 
main stocks and dynamics of FSDS according to FAO has been conceptualized in a CLD. After 
this, as a primary analytical step, we develop a framework setting that explains at an abstract level 
the dynamics between land, population, distribution and production process, resources, technology 
and job dynamics. One fundamental insight was that increasing the efficiency of the food 
production and distribution (production, assembling, handling, processing, packaging, transport, 
storage, wholesaling and retailing) could lead to increase the food supply to cities, reducing costs 
and waste. But, it does not imply automatically meeting the food requirement per capita.  
Socioeconomic conditions as: the prevalence of poverty –topic considered in the goal but absent of 
FAO’s policies-, ecological conditions as the availability of resources and land or urban conditions 
as the urban space and infrastructure will get the system working in misbalance with its capacity.  
In this sense, we want to stress that as production and distribution processes will have to be 
improved, other big issues of the system we inhabit will be have to acknowledge. It is irrelevant to 
analyze FSDS without considering the important stocks that make them possible. The task now is 
to find the scenarios of the system viability and feasibility over the next years targeting to the goal.  
 
A complete simulation model has not been produced yet. The system conceptualization for the 
quantitative model will be enriched and validated with experts; people involved directly in different 



	   28	  

activities of the FSDS in transition and developed countries to explore the existence significant 
changes on the system after 2001, year of the last FAO’s guide update.. Some of the cases currently 
considered by the reviewer team and FAO team include studying Ecuador, Colombia or Mexico 
FSDS.  Some of the specificities to observe are not just the size of the city but the market 
infrastructure in place, the current policies, communitarian sense of the city or regions of it, 
economic development of the city and alimentation patterns to get a better system characterization.  
Opportunities of this research are in line with FAO’s competence.  As international organization it 
lacks of coercive capacity but has a potential role in disseminating useful information for better 
decision-making. Specifically, it could promote the FSDS dynamics understanding with its internal 
and external constrains for improving organization capacities and, finally, positively impact food 
security. Among the scientific community, multidisciplinary and co-disciplinary approach is 
encouraged to develop quantitative models and sub-models of the proposed framework on the basis 
of FAO’s guide, background and expertise. 
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