
 

 

 

  



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 3 of 250 

 

 

  



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 4 of 250 

 

 

  



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 5 of 250 

 

 

 

 

 

 

 

Building Sustainable Urban Metabolism through 
Resilience Strategies in La Pila, San Luis Potosí, México 
 

 

 

 

 

 

A Master Thesis presented by 

Alicia Anahí Cisneros Vidales 

 

 

 

 

 

 

 

 

2018 



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 6 of 250 

 

 

 

 

“Because life is robust, 

Because life is bigger than equations, stronger than 
money, stronger than guns and poison and bad 
zoning policy, stronger than capitalism, 

Because Mother Nature beats last, and Mother Ocean 
is strong, and we live inside our mothers forever, and 
Life is tenacious and you can never kill it, you can 
never buy it, 

So Life is going to dive down into your dark pools, Life 
is going to explode the enclosures and bring back the 
commons, 

Oh you dark pools of money and law and 
quantitudinal stupidity, you over simple algorithms of 
greed, you desperate simpletons hoping for a story 
you can understand, 

Hoping for safety, hoping for cessation of uncertainty, 
hoping for ownership of volatility, O you poor fearful 
jerks, 

Life! Life! Life! Life is going to kick your ass.” 

 

Kim Stanley Robinson, New York 2140, 2017 

 

 

Dedicated to Ino. 
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Abstract 
 

In a world, whose cities are constantly growing, -consuming more resources than the ones 
they produce-, sustainability must be enhanced to ensure the ability of future generations to satisfy 
their needs. Therefore, this work aims to propose resilience strategies that enable sustainable urban 
metabolism for a specific Urban Socio-Ecological System (USES): The peri-urban community of La Pila, 
which is located in the Metropolitan Zone of San Luis Potosi, Mexico.  

In this context, specific objectives included: 1) To identify the metabolic fluxes in La Pila: Water, 
Energy & Food; 2) To identify hazards to the metabolic fluxes; and 3) To analyze how resilient is the 
urban metabolism of La Pila. An adaptation of the Resilience Assessment Framework proposed by 
the Resilience Alliance (2010) -USES Resilience Assessment based on Urban Metabolism-, was done in 
order to achieve the objectives, through six steps: 1) Developing Systems Perspective for Urban 
Socio-Ecological Systems; 2) Defining the Urban Metabolism for USES; 3) Defining the Hazards to the 
Metabolic Fluxes; 4) Urban Resilience Assessment based on the Risk Assessment; 5) Building 
Resilience in USES; and 6) Resilience Strategies Implementation.  

As a result, urban resilience was assessed for the urban socio-ecological system at a household scale, 
through the analysis of the hazards that threaten the household’s supply, –considering the Water, 
Energy and Food inflows-, and the households themselves. Finally, resilience strategies were 
proposed as recommendations to build sustainable urban metabolism in La Pila. 

 

Keywords 
Urban Socio-Ecological System, Urban Metabolism, Urban Resilience 

 
 

 

 

 

 

 

 



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 8 of 250 

 

Resumen 
 

 En un mundo en el que las ciudades están creciendo constantemente, -consumiendo cada 
vez más recursos de los que producen-, la sustentabilidad debe de ser impulsada para garantizar la 
capacidad de las futuras generaciones de satisfacer sus necesidades. Por esta razón, este trabajo 
busca proponer estrategias de resiliencia que permitan el metabolismo urbano sustentable de un 
sistema urbano socio-ecológico en específico: la comunidad periurbana llamada La Pila, que se 
localiza dentro de la zona metropolitana de San Luis Potosí, México.  

Para lograr esto se propusieron tres objetivos: 1) Definir los flujos metabólicos de Agua, Energía y 
Alimentos para La Pila; 2) Identificar las amenazas que pueden afectar los flujos metabólicos; y 3) 
Analizar qué tan resiliente es el metabolismo urbano de La Pila. Con el fin de alcanzar los objetivos, 
se propuso una adaptación de Marco de Evaluación de Resiliencia, propuesto por Resilience Alliance 
(2010), a la que se denominó Evaluación de la Resiliencia de Sistemas Urbanos Socio-Ecológicos 
basado en Metabolismo Urbano, y que consta de seis pasos: 1) Desarrollar de una perspectiva 
sistémica para sistemas urbanos socio-ecológicos; 2) Definir el metabolismo urbano para sistemas 
urbanos socio-ecológicos; 3) Definir las amenazas para los flujos metabólicos; 4) Evaluar la resiliencia 
urbana a través de la evaluación del riesgo; 5) Construir resiliencia para sistemas urbanos socio-
ecológicos; y 6) Implementar estrategias de resiliencia.  

Como resultado, la resiliencia urbana fue evaluada para el sistema urbano socio-ecológico a una 
escala de hogar, a través del análisis de amenazas que comprometen el suministro de los flujos de 
agua, energía y alimento, así como las amenazas que comprometen la resiliencia de la vivienda. 
Finalmente, se recomendaron estrategias de resiliencia que permitieran construir un metabolismo 
urbano sustentable en comunidad de La Pila. 

 

Palabras clave 
Sistema Urbano Socio-Ecológico, Metabolismo Urbano, Resiliencia Urbana 
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Zusamenfassung 
 

 In einer Welt, deren Städte ständig wachsen und die mehr Ressourcen verbrauchen als sie 
produzieren, muss die Nachhaltigkeit gesteigert werden, damit künftige Generationen ihre 
Bedürfnisse befriedigen können. Ziel der vorliegenden Arbeit ist es daher, Resilienzstrategien 
vorzuschlagen, die einen nachhaltigen urbanen Metabolismus für ein spezifisches urbanes sozial-
ökologisches System (USÖS) ermöglichen: die Stadtrandgemeinde La Pila, die sich in der 
Metropolregion San Luis Potosi in Mexiko befindet.  

In diesem Zusammenhang wurden drei konkrete Ziele festgelegt: 1) Identifizierung der 
metabolischen Flüsse in La Pila: Wasser, Energie & Lebensmittel; 2) Identifizierung von Gefahren für 
diese metabolischen Flüsse; und 3) Analyse der Resilienz des urbanen Metabolismus in La Pila. Eine 
Anpassung des von der Resilience Alliance (2010) vorgeschlagenen Resilience Assessment 
Frameworks - Bewertung der Systemresilienz eines urbanen sozial-ökologischen Systems (USÖS) 
durch urbanen Metabolismus - wurde durchgeführt, um die genannten Ziele in sechs Schritten zu 
erreichen: 1) Entwicklung einer Systemperspektive für das USÖS; 2) Definition des urbanen 
Metabolismus für das USÖS; 3) Bestimmung der Gefahren für die metabolischen Flüsse; 4) Bewertung 
der urbanen Resilienz auf Grundlage der Risikobewertung; 5) Aufbau von Resilienz im USÖS; und 6) 
Implementierung von Resilienzstrategien.  

Als Ergebnis wurde die urbane Resilienz des USÖSs auf Haushaltsebene durch die Analyse jener 
Gefahren bewertet, die die Versorgung der Haushalte - unter Berücksichtigung der Wasser-, Energie- 
und Nahrungsmittelflüsse - und die Haushalte selbst bedrohen /// und die Resilienz des Wohnraumes 
bedrohen. Abschließend wurden Resilienzstrategien zum Aufbau eines nachhaltigen urbanen 
Metabolismus in La Pila empfohlen. 

 

Schlüsselwörter 
Urbanes Sozial-Ökologisches System, Urbaner Metabolismus, Urbane Resilienz 
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Preface 
 

Nowadays, we are living in a world in which achieving sustainability is a must. In this context, 
cities –including urban socio-ecological systems-, which are constantly growing, -consuming more 
resources than the ones they produce-, constitute the problem but also the solution. Therefore, this 
research has as main objective to propose resilience strategies that enable sustainable urban 
metabolism for a specific Urban Socio-Ecological System (USES): The peri-urban community of La Pila, 
which is located in the Metropolitan Zone of San Luis Potosi, Mexico. In order to achieve the main 
objective, specific objectives included: 1) To identify the metabolic fluxes in La Pila: Water, Energy & 
Food; 2) To identify hazards to the metabolic fluxes; and 3) To analyze how resilient is the urban 
metabolism of La Pila. 

In the first chapter -Towards Sustainable Urban Development-, we explore the theme of urban 
development at global, Latin America and Mexico scales, in order to provide an introduction of why 
it is important to enhance Sustainable Urban Development. After that, in the chapter II -Theoretical 
Framework-, a conceptual framework for this work is provided, which includes the definition of Urban 
Socio-Ecological Systems (USES), Urban Metabolism and Urban Resilience, through the several 
approaches that conform the Systems Thinking Theory. 

In the following chapter, the Methodological Framework, an adaptation of the Resilience Alliance’s 
Resilience Assessment Framework is proposed: USES Resilience Assessment based on Urban 
Metabolism, which is composed of six steps: 1) Developing Systems Perspective for Urban Socio-
Ecological Systems; 2) Defining the Urban Metabolism for USES; 3) Defining the Hazards to the 
Metabolic Fluxes; 4) Urban Resilience Assessment based on the Risk Assessment; 5) Building 
Resilience in USES; and 6) Resilience Strategies Implementation. 

Later, a community from San Luis Potosi, Mexico, is presented as the case of study in the fourth 
chapter: Case of Study: La Pila as an USES. In this chapter, the Water, Energy and Food fluxes are 
defined through literature review for the community, considering the USES as a peri-urban area 
involved in a bigger system’s dynamics –the Metropolitan Zone of San Luis Potosi (MZSLP)-. 

In the fifth chapter -Metabolism of Households in La Pila-, the metabolism of the households is 
analyzed based on the inflows, this means the Water, Energy and Food consumption. Once having 
identified the inflows current state, hazards to the system’s supply and the system itself are identified, 
and converted to risk in USES Resilience Assessment based on Metabolism. In this chapter Urban 
Resilience is assessed through the resilient system qualities: Reflectiveness, Robustness, Redundancy, 
Flexibility, Resourcefulness, Inclusiveness and Integration. 

To conclude, recommendations to enhance a sustainable urban metabolism through resilience 
strategies are given in Conclusions, as well as further research opportunities. In the following figure, 
the main structure of the chapters composing this research can be observed, as well as the main 
concepts involved throughout this work. 
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Chapter I 
Towards Sustainable Urban Development 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“No city is sustainable in the sense of being an autotrophic or even self-supporting 
ecosystem. Cities will always be heterotrophic: Resources and supporting processes must 
be supplied by ecosystems beyond any formal urban borders.”  

 

(Luck et al., 2001; Pickett et al., 2013) 
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I. Towards Sustainable Urban Development 

In the last decades, the majority of the cities have experienced an increasing urban growth. 
Despite the fact that public policies and new landscape management proposals have tried to prevent 
urban problems, they have not yet succeeded at implementing resilient strategies which conduct 
towards sustainability (Population Division, Department of Economic and Social Affairs and United 
Nations Secretariat, 2001). Cities have grown in size, density and complexity across the globe, 
especially because of their social structures, their economic systems, geopolitical settings and the 
evolution of technology (Decker et al., 2000; C. Kennedy, Cuddihy and Engel-Yan, 2007; Satterthwaite, 
2007; Dinarès, 2014).  

Since 1950 the urban population grew from 746 million to 2.85 billion in 2000, and it has reached 
3.96 billion in 2015 (United Nations Habitat, 2015, p1). Although the urban population is not growing 
as fast as originally expected, urban growth is concentrated in certain areas of the world and has large 
environmental impacts in those areas (Asian Development Bank, 2013). In this context, a modification 
in the distribution of the population from rural to urban places is a governing feature of the 
demographic transition of most countries (United Nations, 1980 and 2000). According to the United 
Nations, half of humanity, which is 3.5 billion people, live in cities and this number will continue to 
grow. In the next decades the 95% of urban expansion will take place in developing countries (United 
Nations, 2016).  

In Latin America 80% of the population lives in urban areas and 30% of the total population lives in 
slums (UCLG, 2014). Additionally, Díaz Álvarez (2014) argued that “the population dynamics and 
urban patterns gleaned from medium and big cities in Latin America are determining critical 
operations that brake economic growth, undermine development, damage the environment, affect 
human health and reduce goods and services supply from environmental ecosystems” (Díaz Álvarez, 
2014). 

The report “World Urbanization Prospects: The 2014 Revision”, commissioned on the Department of 
Economic and Social Affairs (United Nations, 2014), indicates that Mexico’s average annual rate of 
change from urban to rural population is of 0.4 %, based on the increase of urban growth (United 
Nations, 2014b) (Table I.1). 

Urban Growth in Mexico 
Year 1990 2014 2050 

Urban 61,475.00 97,766.00 134,828.00 
Rural 24,602.00 26,034.00 21,274.00 

Proportion urban (per cent) 71.00 79.00 86.00 

Table I.1. Urban Growth in Mexico. Source: World Urbanization Prospects: The 2014 Revision (United Nations, 2014b). 

As shown in the table, the majority of people around the world live in urban areas (United Nations, 
2014b). Unfortunately, the accelerated urban growth does not specifically correspond to a 
sustainable development of the area. Over the last decades a growing concern with increasing 
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resources consumption has been observed, leading to increasing challenges on how to decrease 
resources consumption as well as local and global trade-offs (Baptista et al., 2015). 

Needless to say that cities change the social organization of energy and materials due to their intense 
consumption and production activities (Chen and Chen, 2015a). Moreover, the most affected by  
industrial growth are the poor, as well as the marginalized and the racial and ethnic minorities in 
urban areas who do not have the means to avoid or control industrial hazards (Robins and Kumar, 
1999). 

Main human impacts of urban ecosystems are unplanned urbanization and inadequate 
infrastructures. Unplanned urbanization threats the health and safety of human beings, as well as 
urban productivity, and combined with inadequate infrastructures, it accelerates environmental 
degradation (Mersal, 2016). Because of the fact that cities constitute the dominant form of human 
habitat, and most of the world’s resources are either directly or indirectly consumed in cities, the role 
of cities in determining sustainability is becoming more and more important (Moore, Kissinger and 
Rees, 2013). For this reason, cities must be planned and managed to form a balance between human 
being and natural environment by using resources carefully and transferring them to the next 
generations (Mersal, 2016).  

It is undeniable that, cities face major challenges –urban poverty, poor living conditions, constraints 
on productivity, lack of infrastructure, natural disasters risks and climate change-, but they constitute 
also the potential for transformational change (Revi and Rosenzweig, 2013). Ban Ki-moon, the UN 
Secretary General, recognized that “our struggle for global sustainability will be won or lost in cities” 
(United Nations, 2012), because of the intensive urbanization rates. 

That is the reason why building sustainable and resilient cities, where all citizen can have the 
opportunity to live a decent quality of life, form part of the city’s dynamic and social stability without 
harming the environment, vital for human development. 

Sustainable development of contemporary cities is the urgent task aimed at creating resilient, 
healthy and ecological cities capable of satisfying completely the residents’ needs. In addition, the 
unsustainable nature of cities is a consequence of poor planning at the micro or neighborhood level 
(Codoban and Kennedy, 2008). Therefore, once again the importance and urgency of designing and 
implementing resilience strategies to achieve sustainability at all urban scales. 

Further, communities in the periurban areas are specially affected by the urban growth, as they 
continue under increasing pressure of resources extraction (Barkin, 2010). It is observable that 
communities in the periurban are very vulnerable to different kinds of hazards. Therefore the 
importance of building sustainable urban development for these communities through resilience 
strategies. 

The main objective of this study is to propose resilience strategies that enable sustainable urban 
metabolism for the community (urban socio-ecological system) of La Pila in San Luis Potosi. In order 
to achieve it, the specific objectives were: 
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1 .  To identify the metabolic fluxes in La Pila: Water, Energy & Food. 

2 .  To identify hazards to the metabolic fluxes. 

3 .  To analyze how resilient is the urban metabolism of La Pila. 

 

Respect to the proposed objectives, the following questions drove the research: 

1. How vulnerable are metabolic fluxes to which hazards? 

2. Which are the current metabolic fluxes in the community? 

3. How resilient is the urban metabolism of La Pila? 

 

The idea of “continuing to develop” needs an urgent change, and sometimes it may mean stepping 
away from specific undesirable development path, and onto a new one (Reyers and Lee Moore, 2017). 

Sustainable urban development in developing countries requires strengthening urban planning and 
management to improve basic service delivery and land use to promote improved standards of 
urban living (Asian Development Bank, 2013). Choosing to act sustainably means choosing to build 
cities where all citizens live a decent quality of life, and form a part of the city’s productive dynamic, 
creating shared prosperity and social stability without harming the environment (United Nations, 
2016). 

The development and implementation of the Resilience Strategy is an opportunity to identify 
tangible steps that contribute to a solution and that emphasize an approach to resilience-building 
that can be further applied by the City and its community partners to other challenges moving 
forward (LeTourneau et al., 2016). Therefore, it is necessary to understand how a city and its suburban 
areas work together in order to propose resilience strategies that promote and ensure sustainable 
urban development.  

Through this research, knowledge about the application of urban metabolism in sub-urban areas was 
generated. It is central, to generate information into the field of material and energetic metabolism 
of the modern cities, because as some authors have pointed out, such studies have arrived to the 
fields of architecture and urbanism with delay (Martínez-Alier, 2003), specially to Latin American 
cities. 

In a world with so many rising social and ecological challenges, cities can also be part of the solution, 
because of their compactness that helps them to be more resource efficient (Dobbs et al., 2012). 
However, in order to achieve that, cities must be conducted towards sustainability. In this context, 
applying resilience planning requires “translating resilience thinking to practice in each unique 
circumstance, while simultaneously creating support among staff, and engaging external actors” 
(Sellberg, Ryan, Borgström, Norström, & Peterson, 2018, p906). 
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Closing Remarks 

In a continuously urbanized world, sustainability must be enhanced to ensure the ability of 
future generations to satisfy their needs. In this context, this works has as main aim to propose 
resilience strategies that enable sustainable urban metabolism for an urban socio-ecological system. 
The case of study is the community of La Pila, which is located in the southeast of San Luis Potosi, 
Mexico. In order to achieve the main objective, three aims were proposed: 1) To identify the 
metabolic fluxes in La Pila: Water, Energy & Food; 2) To identify hazards to the metabolic fluxes; and 
3) To analyze how resilient is the urban metabolism of La Pila. 

Respectively, the following questions drove the research: 1) Can resilience strategies enable 
sustainable urban metabolism? 2) How are the current metabolic fluxes in the community? 3) How 
vulnerable are metabolic fluxes to which hazards? and 4) How resilient is the urban metabolism in La 
Pila? 
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Chapter II  
Theoretical Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Understanding the urban resilience and sustainability as two concepts that promote a 
plurality and diversity of solutions to social-ecological problems implies that urban 
planning needs to take on-board yet new metaphors and paradigms to further transform 
cities.”  

(Wilkinson, 2012) 
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II. Theoretical Framework  

In order to build Sustainable Urban Metabolism through Resilience Strategies, some concepts 
related to Systems Thinking Theory need to be clarified. In order to ease the understanding of such 
concepts this chapter is divided in five subchapters (Fig.  II.1). 

In Urban Socio-Ecological Systems, the definition of Socio-Ecological Systems from an urban 
perspective is explored, starting with the most basic characteristics of a system. After having defined 
an urban socio-ecological system, in the second subchapter a review the basics of Systems Thinking 
Theory –including the Hard Systems Thinking, the Complex Adaptive Systems, and the Soft Systems 
Thinking (SST) theories- is given in order to provide a theoretical framework that allows explaining 
the following concepts: Urban Metabolism, Urban Resilience, and Urban Management. This chapter 
also serves as an introduction to the third and fourth subchapters and a link to the first subchapter. 
Important for the reader is to be aware that all concepts in this theoretical framework are part of 
Systems Thinking Theory. 

 
Fig.  II.1. Theoretical Framework Index. Source: Own Source. 



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 34 of 250 

 

After that, in Metabolism in Urban Socio-Ecological Systems, the concept of Urban Metabolism is 
explained from the urban perspective, result of the application of the classical ecological of 
Metabolism into the fields of social sciences. 

The concept of urban resilience is explained in the fourth subchapter - Resilient Urban Socio-Ecological 
Systems-, as a counterpart of risk and its components –hazard, vulnerability and exposure-.  

Finally, in the last subchapter - Towards resilient metabolism in Urban Socio-Ecological Systems-, an 
integration of all concepts is made, in order to provide a perspective of how sustainable urban 
metabolism can be built through resilience strategies. In order to facilitate the following of the 
concepts, a graphic navigation through the topics is presented with the most important concepts, 
and the main interlinkages between concepts. 
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II.1. Urban Socio-Ecological Systems  

 Achieving “inclusive, safe, resilient and sustainable cities and human settlements” constitutes 
the eleventh of the seventeen Sustainable Development Goals (SDG) proposed by the United Nations 
in order to conduct our world towards sustainability (United Nations, 2015). The 11th SDG establishes 
“a single overall global urban policy position in a unified statement concerning the overall social, 
economic, and environmental functionality of cities and the urban system” (Parnell, 2016, p530). 

Sustainable Development in its most conventional definition means "the development that meets 
the needs of the present without compromising the ability of future generations to meet their own 
needs" (World Commission on Environment and Development, 1987). Moreover, sustainable 
development was envisioned as a “holistic concept addressing economic development, social 
inclusion, environmental sustainability and good governance” (Revi & Rosenzweig, 2013, p6). 

However, it is important to state that sustainable development, as well as the notion of sustainability, 
can have several definitions and characteristics depending on the perspective and the approach to 
achieve it. As the aim is not discuss about the several conceptions of this term, this work will focus on 
the urgent need of conducting Urban Socio-Ecological Systems (USES) development towards 
sustainability.  

This research project adopted a systemic and holistic perspective that allowed observing the several 
interconnections across temporal and spatial dimensions within a USES. The reason is that the 
understanding of sustainability management requires adopting a multidisciplinary systemic 
perspective, which helps us to understand the interconnectivity of issues –including economic, 
political, social and ecological-, across dimensions -temporal and spatial- (Williams et al., 2017); 
instead of a reductionist perspective which prefers comprehending isolated and independent units, 
while assuming linear and reversible cause and effect relationships (Rogers et al., 2013). 

In this subchapter, the concept of system is explored. After that, the concept of Socio-Ecological 
System (SES) will be reviewed in order to provide a better understanding of why it is important to 
study urban systems as complex and dynamic entities. Finally, a definition of Urban Socio-Ecological 
System (USES) will be provided. 

II.1.1. Defining a System 

Defining a SES requires first defining what a system is. A not holistic definition of a system can 
be “an interconnected set of elements that is coherently organized in a way that achieves something” 
(Meadows, 2009, p11). A more holistic definition provided by Jackson (2003) states that a system is 
“a complex whole the functioning of which depends on its parts and the interactions between those 
parts” (Jackson, 2003, p3). Therefore, a system and its part possess structure and behavior, which is 
determined by the nature of interaction between its parts (Rogers et al., 2013). This means that, 
systems consist of elements -characteristics-, interconnections -the way the elements or 
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characteristics feed into and relate to each other-, and functions –goals- (Meadows, 2009; Arnold and 
Wade, 2015).  

 As the term ‘system’ is not new, it has acquired several attributes and concepts that allow their study 
and understanding over the years. According to Von Bertalanffy (1968) systems can be divided into 
closed or open. On the one hand, a system is considered closed, when it does not have exchanges 
with its environment2. On the other hand, open systems are able to take inputs from their 
environments, transform them and then return them as some sort of product back to the 
environment (Von Bertalanffy, 1968). However, to this date, most systems are considered as open, 
because in reality all systems are continuously interacting with other systems in their environment 
(Jackson, 2003; Hitchins, 2007) (Fig.  II.2). 

 
Fig.  II.2. Closed and Open Systems. Source: Based on Michael C. Jackson’s Systems Thinking (Jackson, 2003). 

Because of their complexity, systems require boundaries for their study, depending on the observer 
and on the phenomenon observed. In this setting, an open system is composed of sub-systems with 
interrelationships, plus the interactions with its environment.  For this reason, a system depends on 
the environment and adapts in reaction to changes or ‘cycle of events’, as Jackson (2003) named 
them based on the biological system (Jackson, 2003).  

But, such adaptation to the ‘cycle of events’ depends and will be related to the purposive behavior 
of the system. As systems have a purposive behavior, they are able to regulate themselves and are 

                                                             

2 Bertalanffy considers the biophysical realm as environment. 
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‘controlled’ in order to react or readapt to any disturbance, through ‘the effective communication of 
information’ (Jackson, 2003). Both attributes –control and information- were incorporated to the 
systems theory by the mathematician Norbert Wiener (1948), when he argued that systems can be 
locked into both kinds of feedback loops: positive or negative. If the system is locked into a positive 
feedback loop, it presents a behavior spinning out of control. On the opposite, if a system is locked 
into a negative feedback, –information-, it is able to take actions and correct its behavior in order to 
keep on pursuing the present goal (Wiener, 1948). 

Another attribute, which is vital to comprehend systems is ‘variety’, which can be considered as the 
number of probable states a system can have (Ashby, 1956). Because of their complexity, systems 
change rapidly, exhibiting a high variety of states (Jackson, 2003). 

To summarize, the main characteristics of a system are the following: 1) They have a purpose; 2) 
System’s parts or components must be present in order to achieve the purpose optimally; 3) The 
order of the parts or components has consequences on the performance of a system; 4) Systems use 
feedback to attempt to maintain stability (Kim, 1999). 

To conclude, it is important to remark that systems also present complexity, disorder, chaos, 
irregularity and unpredictability, which means that “small changes in the initial conditions of a 
system, can lead to large-scale consequences”, which can be specially perceived when studying the 
‘strange attractors’ or ‘drivers’ which govern the system and the purpose within (Jackson, 2003, p80-
116).  

II.1.2. Socio-Ecological System (SES) 

The use of the term ‘system’ is not new and it has been used to describe and explain how 
things work in various fields –such as biology, physics, social, design, engineering, and so on- 
(Jackson, 2003). Describing the human interaction with its environment was not the exception, which 
is why the concept of Socio-Ecological System (SES) was born in order to “recognize the 
interconnectedness of humans and the environment” (Redman, Grove, & Kuby, 2004, p162).  

Remembering how systems can be divided into open or closed systems, it is important to mention 
that most SES are considered as open systems, because they involve “flows of materials, organisms, 
and information into and out of the system” (Chapin, Kofinas, & Folke, 2009, p10).  

A SES can be defined as a “coherent system of biophysical and social factors that regularly interact in 
a resilient, sustained manner; a system that is defined at several spatial, temporal, and organizational 
scales, which may be hierarchically linked; a set of critical resources (natural, socioeconomic, and 
cultural) whose flow and use is regulated by a combination of ecological and social systems; and a 
perpetually dynamic, complex system with continuous adaptation” (Redman, Grove and Kuby, 2004). 

In this direction, a SES is a system that consists of “the subsystems of nature and humans, with all their 
biophysical and social-cultural-political-economic characteristics”. Therefore, “each subsystem has its 
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own inherent elements, structures, functions and interconnections, which are changing over time” 
(Antoni, Huber-Sannwald, Reyes Hernández, & Van’t Hooft, 2017, p13).  

Redman et al. (2004) proposed a conceptual framework for long-term investigations for SES in which 
they emphasize the interactions at the interface of the system’s social and ecological components. In 
this framework, they define interactions that mediate between the social and ecological elements of 
the SES: 1) Land-use decisions, especially those relating to the built environment; 2) Changes in land 
cover, land surface, and biodiversity; 3) Production systems; 4) Consumption patterns; and 5) Disposal 
networks (Redman, Grove and Kuby, 2004) (Fig.  II.3). 

 
Fig.  II.3. Conceptual framework for long-term investigations of social-ecological systems (SES). Source: (Redman, Grove and 

Kuby, 2004). 

Redman’s conceptual framework allows us to understand how complex a SES can be. In addition, it 
shows how wide the variety of -human and ecological- components, interactions, conditions, 
patterns and processes can be involved within an open socio-ecological system. Moreover, it is 
important to consider that the ecological and social sub-systems that compose a SES possess two 
important characteristics: self-organization and high adaptation (Antoni et al., 2017, p13). Self-
organization means that  

In addition to ecological components interacting constantly with social components at multiple 
levels, SES are susceptible to external processes which influence slow-changing component, which –
at the same time-, influence faster-changing components that impact the individuals interacting 
within the SES (Resilience Alliance, 2010) (Fig.  II.4). 
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Fig.  II.4. Examples of slow-changing components and fast-changing components in socio-ecological systems (SES). Source: 

(Resilience Alliance, 2010). 

According to Antoni (2017), an integrated analysis of SES considers: “1) The interplay of internal and 
external factors, as well as their role in SES dynamics; 2) The potential thresholds whose crossing may 
shift the system into undesirable state; and 3) The cross-scale spatial and temporal interactions” 
(Antoni et al., 2017). 

II.1.3. Urban Socio-Ecological Systems (USES) 

Until this part a SES has been defined as an open system, which interacts with the 
environment and which envelopes ecological and human subsystems with own purposes within. 
However, which are the characteristics that allow to consider urban systems as SES?  

To this date, cities are recognized as dynamic, integrated and multi-scalar systems –human-driven 
ecosystems or socio-ecological systems-, which understanding is not only in the biophysical features 
of cities, but in the complexity socio-ecological relationships within them (Frank, Delano and Caniglia, 
2017). In this context, a socio-ecological perspective helps to improve the recognition of the 
interconnections between society and economy, which are “nested in natural systems defined by 
biospheric limits” (Marcus, Kurucz and Colbert, 2010; Whiteman, Walker and Perego, 2013; Williams 
et al., 2017).  

Urban systems have a metabolism, which includes all the technical and socio-economical processes 
that occur in it (Christopher Kennedy, Cuddihy and Engel-Yan, 2007). In this context, several social 
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and ecological patterns and processes defined by Redman (2004) are observable in urban systems 
(Redman, Grove and Kuby, 2004). 

Moreover, urban systems can be considered as “hot spots of complex and dynamic interactions 
between society and ecosystems” (Frank, Delano, & Caniglia, 2017, p1).  

The conceptualization of USES requires the understanding of cities as entities that face several global 
environmental challenges in a continuously transitional or transformational environment. In this 
context, Boyd & Juhola (2015) recognize three types of transitions and transformations that USES are 
facing, based on the ecological, social and technical dimensions of urban systems: 1) Socio-technical 
transitions; 2) Socio-environmental justice transitions; and, 3) Socio-ecological transformations (Boyd 
and Juhola, 2015) (Fig.  II.5).  

 
Fig.  II.5. Urban Socio-Ecological Systems: Transitions and Transformations. Source: (Boyd and Juhola, 2015). 

Hence USES have special characteristics that make them “effective platforms for transformative and 
sustainable development” (Revi & Rosenzweig, 2013, p9-12), which may include: 

 Cities concentrate and can accelerate economic activity 
 Urban infrastructure investment can enable growth, employment and poverty reduction 
 Urban areas are sites of social transformation 
 Local government are nimble 
 Cities are sites of innovation 
 Cities are interconnected with rural areas 
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 Cities are interconnected with the natural environment 
 Cities have the potential to minimize our environmental footprint 
 Cities are suited for systems-based approaches 

As SES are complex and the relationships between sub-systems within are crucial, there is a need for 
joined-up thinking in addressing their problems (Jackson, 2003). That is the reason why, in the next 
chapter the Systems Thinking Theory (STT) is reviewed in order to introduce the Hard Systems Thinking 
(HST), the Complex Adaptive Systems (CAS), and the Soft Systems Thinking (SST) as Urban Socio-
Ecological Systems (USES) analyzing theoretical frameworks, and further as planning and managing 
methods. 

 

 

Closing Remarks 

 In this subchapter, a system was defined as “an interconnected set of elements that is 
coherently organized in a way that achieves something” composed by elements -characteristics-, 
interconnections -the way the elements or characteristics feed into and relate to each other-, and 
functions –goals- (Meadows, 2009; Arnold and Wade, 2015). Every system can exhibit complexity, 
disorder, chaos, irregularity and unpredictability, and important to their functioning is considering 
that they have always a purpose. Additionally, the order in which interactions occur has an impact on 
the system’s outputs and a system requires feedback to attempt to maintain certain stability (Kim, 
1999). 

From this perspective, a socio-ecological system was defined as a coherent complex system of both 
biophysical and social factors, defined at spatial, temporal, and organizational scales, perpetually 
dynamic, and in continuous adaptation (Redman, Grove and Kuby, 2004). 

Finally the urban socio-ecological system was defined as a system with special characteristics that 
make them “effective platforms for transformative and sustainable development” (Revi & 
Rosenzweig, 2013, p9-12), which may include: 

 Cities concentrate and can accelerate economic activity 
 Urban infrastructure investment can enable growth, employment and poverty reduction 
 Urban areas are sites of social transformation 
 Local government are nimble 
 Cities are sites of innovation 
 Cities are interconnected with rural areas 
 Cities are interconnected with the natural environment 
 Cities have the potential to minimize our environmental footprint 
 Cities are suited for systems-based approaches 
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II.2. Systems Thinking Theory  

 Cities, -considering all Urban Socio-Ecological Systems-, are the most complex and synamic 
of human systems. Therefore, it is vital a systems based approach to transform via economies of scale 
and scope and  facilitating rapid social and institutional innovation, in order to achieve sustainable 
urban development (Revi & Rosenzweig, 2013, p12).  

As Urban Socio-Ecological Systems (USES) are a complex integration of social and ecological 
subsystems –as reviewed in the last chapter-, several approaches have been developed to analyze, 
modify or influence systems. In this context, Systems Thinking emerges as an epistemology, which 
groups theories and approaches, whose aim is to improve the understanding of systems, contrary to 
reductive thinking, which rejects integration, ambiguity and paradoxes (Rogers et al., 2013).  

For decades, ecologists and social scientist have used systems thinking to better understand complex 
systems, including ecosystems and organizational systems like cities –including USES- (McPhearson, 
2013).   

In the following chapter, the basics of Systems Thinking (ST) are reviewed, –including the Hard Systems 
Thinking (HST), the Complex Adaptive Systems (CAS), and the Soft Systems Thinking (SST) theories-, in 
order to provide a theoretical framework that allows explaining the following concepts: Urban 
Metabolism (UM), Urban Resilience (UR), and Urban Management –which will be key components of 
the present research-. 

II.2.1. Definition and Approaches 

 Barry Richmond (1994) was the first using the term ‘Systems Thinking’ in order to define “the 
art and science of making reliable inferences about behavior by developing an increasingly deep 
understanding of underlying structure” (Richmond, 1994, p6). Since then, several definitions and 
approaches have emerged.  

Systems Thinking is, -according to Kim (1999)-, “a perspective, a way of seeing and talking about 
reality that helps us better understand and work with systems to influence the quality of our lives” 
(Kim, 1999, p2). Such perspective requires a transdisciplinary scope that involves both, on one side 
scientist from different disciplines and, on the other nonscientist and other stakeholders (Hester and 
MacG. Adams, 2013).  

According to Jackson (2003) Systems Thinking embraces holism instead of reductionism to manage 
complexity, change and diversity (Jackson, 2003). Systems Thinking aims to increase the 
understanding of a mess, without necessarily needing or achieving a singular view of what might be 
considered as the ‘best’ (Hester and MacG. Adams, 2013). In addition, Systems Thinking allows the 
comprehension of “the deep roots of complex system’s behaviors in order to better predict them 
and, ultimately, adjust their outcomes” (Arnold & Wade, 2015, p670). 
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Hester & MacG. Adams (2013) argued that the unit of analysis of Systems Thinking are ‘messes’ –
system of problems-, whose solution represents a “unique global solution to the mess” (Hester & 
MacG. Adams, 2013, p313). Consequently, balancing the interests of individual problems represents 
the main challenge of studying and analyzing problems from a systemic perspective. For example, 
decision makers usually have limited and simplified information before making a relevant decision 
that impacts on the system (Hester and MacG. Adams, 2013). 

Following Jackson’s train of thought, Systems Thinking Theory is conformed by four holistic 
approaches depending on their aim: 1) Improving goal seeking and viability; 2) Exploring purposes; 
3) Ensuring fairness; and 4) Promoting diversity (Jackson, 2003). In the following picture, it is 
observable that the approaches of our interest are embedded in the first two types of systems’ 
approaches: the Hard Systems Thinking (HST), the Complexity Theory or Complex Adaptive Systems 
(CAS) -on the first type- and the Soft Systems Methodology or Soft Systems Thinking (SST) –on the 
second type- (Fig.  II.6). 

 
Fig.  II.6. Jackson’s Systems Approaches in Systems Thinking Theory. Source: (Jackson, 2003). 
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In the following lines, the differences between Hard Systems Thinking (HST), the Complexity Theory or 
Complex Adaptive Systems (CAS) and the Soft Systems Methodology or Soft Systems Thinking (SST), are 
explained. 

II.2.1.1. Hard Systems Thinking (HST) 

Hard Systems Thinking seeks to improve goal seeking and viability (Jackson, 2003). The origin 
of Hard System Thinking (HST) was as a way to name all various systems approaches for solving real-
world problems developed during and as a result of the Second World War, as UK scientists assisted 
military leaders to benefit with the use of radar, they carried scientific research into operational 
processes rather than into natural phenomena (Checkland, 1981). 

According to Jackson (2003), the approaches that are most commonly associated with HST are 
operational research, systems analysis and systems engineering. In addition, other variants of HST are 
decision science, cost-benefit analysis, planning-programming-budgeting systems and policy 
analysis (Jackson, 2003). 

According to the characteristics that HST approaches present, the Urban Metabolism (UM) is 
presented as part of these approaches, which will be explained on the third subchapter.  

II.2.1.2. Complex Adaptive Systems (CAS) 

 Complex systems contain several variables, which interact between each other and become 
causally related in feedback loops. At the same time, such feedback loops’ interrelationships within 
the system constitute its structure and determine its behavior (Jackson, 2003). 

Within Complex Adaptive Systems, we assume that two similar-looking systems with different 
temporal and/or spatial context might be similar but not the same, because they can have very 
different direct and indirect feedback loops, with different effects or results that might not be related 
to the causes (Rogers et al., 2013). 

Determining if significant feedback loops have a positive or negative nature and identifying its 
interrelationships with others is central in defining system’s behavior, and therefore its dynamics. 
Moreover, because of their nature, feedback loops can allow us to identify system archetypes, which 
if recognized can save time, effort and can allow to target interventions in a system to points of 
maximum leverage (Jackson, 2003). For example, if a negative feedback loop is found, the actions to 
be taken should be focus on changing this pattern in order to change the whole system’s behavior. 

Moreover, variability and uncertainty are a central part of CAS, which must be considered when 
understanding the heterogeneity of CAS’s structure, relationships and properties that emerge from 
interactions  (Rogers et al., 2013). This means that interactions within a system can be propagated in 
nonlinear ways. 

In order to understand CAS, it is vital to consider from a complexity perspective that systems have 
multiple possible solutions to a problem, because of their wicked nature. This means that each 
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wicked problem is unique and can be framed in different several ways. Therefore, in CAS perspective, 
problems might not find a solution but actions can be fostered by breaking down the components 
of the problem (Rogers et al., 2013). This is the reason why, when studying complex USES, a 
reductionist perspective will never provide a correct perception of reality (Morin, 2008; Rogers et al., 
2013).  

Urban Resilience (UR), which concepts and methodologies will be reviewed in further subchapters 
belongs to this group of Systems Thinking approaches.  

II.2.1.3. Soft Systems Thinking (SST) 

 Soft Systems Thinking (SST) refers to management. Therefore, the importance of considering 
this Systems Thinking approach when proposing strategies in any USES.  

USES management is not being applied in this work, however, it will be central to the conclusions to 
signalize that strategies’ application in USES management might be the next step in order to build a 
sustainable urban metabolism. Once more, this management approach is part of STT. 

 

 

 

Closing Remarks 

All in all, systems thinking is vital to solve the urban problems in the planning and policy 
arenas, because of their complexity and because no problem can exist in isolation (McPhearson, 
2013). 

However, several approaches have been developed since this science was born. This research 
considers three approaches from the wide range Systems Thinking –proposed by Michael Jackson 
(2003)-, offers: 1) Hard Systems Thinking (HST); 2) Complex Adaptive Systems (CAS); and 3) Soft Systems 
Thinking (SST) (Jackson, 2003). 

From each one of these approaches, several methods can be found that have already been used in 
the last years attempting to improve the understanding, planning and management of USES. 
Therefore, from HST, Urban Metabolism (UM) is explained in the third subchapter, and from the CAS, 
Urban Resilience (UR) is explained in the fourth subchapter, as key elements to foster resilience 
strategies in the USES, through a managerial approach –SST-. 

HST seeks to improve goal seeking and viability, which means that it usually points at direct solutions 
within a system part, while the CAS tries to understand the totality of the system In order to reflect on 
the consequences of any change made. Finally, the SST is the management of the system itself. 
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II.3. Metabolism in Urban Socio-Ecological Systems 

 Urban Metabolism (UM) is interpreted and approached differently across several disciplines 
from the natural and social science fields (Dinarès, 2014). Understanding urban metabolism is central 
to ensure cities’ sustainability. As the cities depend on spatial relationships with the near 
surroundings –as well as with the global resource webs-, increasing metabolism implies a greater loss 
of natural resources, as well as more negative environmental effects derived from the use of such 
resources (Christopher Kennedy, Cuddihy and Engel-Yan, 2007) 

II.3.1. Metabolism from the Ecological and Social Sciences Perspectives: Towards an 
Urban Sciences Conceptualization 

In order to define UM, it is necessary to understand the concept from the natural and the 
social sciences perspectives. In the natural sciences, the term metabolism was first used in the field of 
biology to characterize chemical changes within living cells in the early 19th century. After that, the 
term has been used to represent processes of organic breakdown and combination, within individual 
organisms and between organisms and their environment (Fischer-Kowalski, 1998; Foster, 1999; 
Wachsmuth, 2012; Dinarès, 2014).  

In the decade of 1970, Odum (1983) used the term of metabolism in order to conceptualize energy 
flows, as he applied the notion of biological metabolism to describe it in terms of solar energy 
equivalents (emergy) (Odum, 1984). Therefore, in the biological sciences metabolism can be defined 
as “the sum total of the chemical processes that occur in living organisms, resulting in growth, 
production of energy, and elimination of waste material” (Chen and Chen, 2015a). In this perspective, 
metabolism can be applied in the field of natural sciences to both, either “processes through which 
bodies change and reproduce themselves”, or to “holistic conceptions of ecosystem relations” 
(Dinarès, 2014, p555).  

On the other hand, in the social sciences, the first application of the concept was made by Karl Marx. 
Marx was a pioneer of social metabolism, as he was able to understood the human practices as a part 
of a Human-Nature Relationship (Altvater, 2006). After that, Georgescu-Roegen, influenced by Marx, 
on his Magnum opus “The Entropy Law and the Economic Process”, refers to the economical process 
as an opened system that has valuable Natural Resources as input and non-valuable Wastes as output 
(Georgescu-Roegen, 1989). 

Since then, metabolism has been used on the economic and social sciences in order to explain how 
systems work. For example, Martínez-Alier studied the social and economic metabolism, in terms of 
materials and energy flows and of the production of residues, and classifies and studies the 
corresponding environmental conflicts (Martínez-Alier, 2006). 

Social metabolism was later defined by Toledo (2008) as “processes which enable a community to 
appropriate, to circulate, to transform, to consume and to excrete materials or energies from the 
natural environment with the best efficiency possible” (Toledo, 2008a, p24). In this context, social 
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metabolism model allows the description and quantification of matter, work and energy’s floods that 
are exchanged between social groups and agroecosystems that compose a specific territory. 
Moreover, it defines “the structural and functional condition of the different system’s components” 
(Toledo, 2008, p3) (Fig.  II.7). 

 
Fig.  II.7. The Five Main Metabolic Processes between Society and Nature. Source: Taken and self-translated from Victor Toledo 

(Víctor M. Toledo, 2008). 

In his article, Rural Metabolisms: Towards an economical-ecological theory of nature appropriation3, 
Victor Toledo (2008) also differentiates dimensions of social metabolism. He distinguishes three main 
dimensions of the general process of social metabolism according to each one of the five metabolic 
processes: 1) Rural Metabolism; 2) Urban Metabolism; and 3) Industrial Metabolism (Víctor M. Toledo, 
2008) (Fig.  II.8).  

In the Fig.  II.8, we can appreciate how the urban dimension forms part of the consumption and 
excretion processes, with a low appropriation of resources. This means that cities are the socio-

                                                             

3 Self-translation from “Metabolismos rurales: hacia una teoría económico-ecológica de la apropiación 
de la naturaleza”. 
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ecological systems that consume and excrete the majority of the natural resources. Meanwhile, the 
industrial metabolism is the main driver of transformation-related metabolic processes, with a high 
participation in the excretion processes. 

 
Fig.  II.8. The Five Main Metabolic Processes in the three main Dimensions of the general process of Social Metabolism. Source: 

Taken and self-translated from Victor Toledo (Víctor M. Toledo, 2008). 

Moreover, the metabolism of human society, according to Ramos-Martin et al. (2007) can be 
considered as the “processes of energy and material transformation in a society that are necessary 
for its continued existence” (Ramos-Martin, Mayumi and Giampietro, 2007). From this perspective, 
and if we take this example to the urban theory, it is noticeable that habitants from rural areas are 
involved in the processes of resources extraction and generation, while city’s habitants consume 
energy, food, water and other resources, which they excrete as waste that pollutes rural 
environments.  

Considering human society as energy processes and material transformation is, therefore, basic for 
the notion of urban growth, especially in migration patterns. Because of the facilities that a city offers, 
people who live in a rural environment tend to migrate to cities, and rural areas tend to become part 
of the nearest city, which leads to unsustainable urban growth. Therefore, the importance of 
understanding urban socio-ecological systems from its metabolism. Cities, and USES, whose 
metabolism is analyzed, are better prepared to understand their complexity and identify resilience 
strategies, which permit to develop towards sustainability (Dinarès, 2014). 
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II.3.2. Urban Metabolism 

 Although the concept of metabolism was originated from the ecological sciences as a 
concept that allowed describing the exchange of matter between an organism and its environment, 
its application to cities was first undertaken by Abel Wolman in 1965 (Kennedy, Pincetl and Bunje, 
2011; Dinarès, 2014; Davoudi and Sturzaker, 2017). In ‘The Metabolism of Cities’, Wolman modelled 
the metabolism –including its inputs, such as water, food and fuel; its outputs, such as sewage, solid 
waste and air pollutants; and their respective transformations and flows-, of an imaginary American 
city, composed by one million people (Wolman, 1965). Following this direction, ‘metabolism’ is a 
metaphor brought from natural sciences to the urban sciences as a methodology that seeks treating 
cities as metabolic organisms, due to the fact that they have an structure and a function embedded 
in the metabolic processes (Chen and Chen, 2015a). A city can be considered as a system, because of 
its metabolism, which according to Kennedy (2007) can be defined as “the sum total of the technical 
and socioeconomic processes that occur in cities, resulting in growth, production of energy, and 
elimination of waste” (Kennedy et al. 2007b, p44).  

Kennedy et al. (2007) defined urban metabolism as “the sum total of the technical and socioeconomic 
processes that occur in cities, resulting in growth, production of energy, and elimination of waste” 
(Christopher Kennedy, Cuddihy and Engel-Yan, 2007).  In this context, UM can be defined as “the 
analysis of all technical and economic flows of energy and material associated with the production 
and consumption activities in cities, including imports of raw materials and products to the city from 
other economies or natural ecosystems, exchanges of goods and services between urban economic 
sectors, and materials leaving the cities’ boundaries in the form of exports, gaseous emissions, or 
liquid and solid waste” (Warren-Rhodes and Koenig, 2001; Christopher Kennedy, Cuddihy and Engel-
Yan, 2007; Chen, Chen and Fath, 2014; Chen and Chen, 2015a). This means that the urban systems 
are part of the whole nature dynamics. Díaz Álvarez (2014) defined the most common elements –
found in the ecosystem-, that are common for both urban and natural systems (Díaz Álvarez, 2014). 
As it is shown in Fig.  II.9, the cultural elements are part of the urban and natural systems, as well as 
the natural selection and evolution processes that occur within every population, as both are 
regulated by the thermodynamics laws4.  

                                                             

4 “The most important laws of thermodynamics are: 1) The zeroth law of thermodynamics. When two 
systems are each in thermal equilibrium with a third system, the first two systems are in thermal equilibrium 
with each other; 2) The first law of thermodynamics, or the law of conservation of energy. The change in a system’s 
internal energy is equal to the difference between heat added to the system from its surroundings and work 
done by the system on its surroundings; 3) The second law of thermodynamics. Heat does not flow 
spontaneously from a colder region to a hotter region, or, equivalently, heat at a given temperature cannot be 
converted entirely into work. Consequently, the entropy of a closed system, or heat energy per unit 
temperature, increases over time toward some maximum value. Thus, all closed systems tend toward an 
equilibrium state in which entropy is at a maximum and no energy is available to do useful work; 4) The third 
law of thermodynamics. The entropy of a perfect crystal of an element in its most stable form tends to zero as 
the temperature approaches absolute zero. This allows an absolute scale for entropy to be established that, 
from a statistical point of view, determines the degree of randomness or disorder in a system” (Gordon, 2018).  
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Fig.  II.9. Urban and Natural Systems: Common Elements of an Ecosystem. Source: Taken and self-translated from (Díaz 

Álvarez, 2014). 

Broto et al. (2012) defines metabolism as “the exchange processes that produce the urban 
environment“ (Broto, Allen and Rapoport, 2012). Additionally, Frank et al. (2017), consider that UM, 
“the process of material and energy production, flow and consumption in cities”, is central when 
studying the “infrastructure, energy efficiency, materials recycling and waste management of urban 
ecosystems” (Frank, Delano and Caniglia, 2017). In this context, the UM is a “technical, political and 
economic endeavor that facilitates our understanding of the material and energy supply networks, 
seeking the efficiency and effectiveness of transformation processes, as well as reducing the 
environmental impact of their waste, enabling policy makers to anticipate unwanted events based 
on present signals” (Díaz Álvarez, 2014). According to the Global Initiative for Resource Efficient 
Cities5 (2018) the UM measures the inflows, materials and outflows within a city, considering it as an 
urban system (Global Initiative for Resource Efficient Cities, 2018) (Fig.  II.10).  

                                                             

5 GI-REC: The Global Initiative for Resource Efficient Cities is a cooperation platform offered by UN 
Environment, which was launched in 2012 at the Rio+20 global summit on Sustainable Development, with the 
aim of “capitalizing on the potential for cities to lead action towards greater resource efficiency”. To this date, 
the GI-REC has as a main objective “to connect many different institutions that are using systems approaches 
(specifically urban metabolism and morphology approaches) towards building low-carbon, resilient, and 
resource efficient cities”. The Initiative distinguishes itself from other city sustainability activities by building on 
existing city networks, and having a sustainable consumption and production entry point to assist cities with 
realizing the economic, social and environmental benefits of resource efficiency” (Global Initiative for Resource 
Efficient Cities 2018). 
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Fig.  II.10. Urban Metabolism according to the Global Initiative for Resource Efficient Cities. Source: Taken from the MOOC 

Sustainable Cities (Global Initiative for Resource Efficient Cities, 2018). 

As a result of their intense consumption and production activities, cities are constantly changing the 
social organization of energy and materials (Chen and Chen, 2015a). In this direction some metabolic 
processes that occur within cities threaten cities’ sustainability, for example altered ground water 
levels, exhaustion of local materials, accumulation of toxic materials, summer heat islands and 
irregular accumulation of nutrients (Christopher Kennedy, Cuddihy and Engel-Yan, 2007). Some 
authors have proposed urban metabolism as a concept that allows analyzing the energy and material 
flows of cities in order to enhance urban sustainability (Chen and Chen, 2015a). 

UM studies the “Urban Metabolic System”, which was defined by Ferrão & Fernandez (2013) and S. 
Chen & Chen (2015) as “an open system with urban economy as its kernel, in which social, economic 
and institutional components interact with the environment by consuming energy and materials 
they accumulated in buildings and other stocks, and by releasing various emissions and waste to air 
water and soil” (Ferrão & Fernandez 2013; Chen & Chen 2015, p2). This means energy and materials 
flowing into the system, through the system and out of the system, which is vital to understand cities 
as systems. According to Dinarès (2014), Urban Metabolism is a term which provides “a conceptual 
framework to study how a city functions, and hence, a way to address the sustainability issue of a 
city” (Dinarès, 2014, p551), as it allows improving the understanding of how environmental, social 
and economic factors interact to shape urban phenomena and processes (Dinarès, 2014). 

As a methodology, UM has been used in order to explain or understand: 1) The city as an ecosystem; 
2) Material and energy flows in the city; 3) The material basis of the economy; 4) The economic drivers 
of rural-urban relationships; 5) The reproduction of urban inequality; 6) Resignifying socio-ecological 
relationships (Global Initiative for Resource Efficient Cities, 2018) (Fig.  II.11). 
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Fig.  II.11. Urban Metabolism: Themes and Research Questions. Source: Taken from (Global Initiative for Resource Efficient 

Cities, 2018). 

In this context, several standards, indicators, indexes, approaches and methodologies have been 
developed, as shown in the following part. Since the use of metabolism in the urban arena, the 
measurement of the metabolism has changed, and the methods to do so have evolved with less and 
more success (C. Kennedy, Cuddihy and Engel-Yan, 2007). Therefore, it is not a surprise to find a wide 
variety of urban metabolism studies with different fluxes analysis all over the world. This 
phenomenon happens first because of the data available, which are not always the same. For 
example, data for metabolic analysis can be available in one city from Europe, but not in one city from 
Africa. Moreover, the compatibility in units, indicators and frameworks makes it even harder to 
measure metabolism in order to compare whether a city or urban socio-ecological system has a 
better or worse metabolism. 

In his work ‘The Changing Metabolism of Cities’, Kennedy (2007) assesses the urban metabolic change 
in different historical and spatial contexts through the analysis of eight cities’ metabolism in terms of 
four main flows –that he calls cycles-, which include water, materials, energy and nutrients (C. 
Kennedy, Cuddihy and Engel-Yan, 2007). He concludes that even if the metabolism of such cities 
cannot be compared directly through results, the change produced from one period to another can 
give an insight of whether a city –or urban socio-ecological system-, is increasing or reducing its 
metabolism. 



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 53 of 250 

 

According to Broto et al. (2012), the concept of UM has on the one hand, inspired new ways of 
thinking about how cities can be conducted towards sustainability and on the other, raised criticisms 
about how certain flows are prioritized or marginalized within the city (Broto, Allen and Rapoport, 
2012). In the following part, some accounting approaches are presented. 

II.3.2.1. Urban Metabolism Accounting Approaches 

According to Zhang et al. (2015), to this date UM has evolved from a linear methodology to a cyclic 
processes methodology and then to network models methodology, as a result of the continuous 
searching of the system’s characteristics, while accounting for flows of energy and materials (Zhang 
et al. 2015). In this direction, UM can help to observe how urban areas function, and a valuable 
concept for understanding urban processes and the relations between society and nature in urban 
areas (Rapoport, 2011). 

In the Global Initiative for Resource Efficient Cities (GI-REC) MOOC6 ‘The Metabolism of Cities’ –on its 
2018 version and in partnership with the United Nations-, six approaches are proposed to measure 
the metabolism of a city. Such approaches are proposed as counterparts of include: 1) Territorial 
Approach; 2) Consumption Approach; 3) Top-Down Approach; 4) Bottom-Up Approach; 5) Temporal 
Approach; and 6) Spatial Approach (Global Initiative for Resource Efficient Cities, 2018). According to 
this, each one of these approaches accounts the inflows, materials and outflows in different ways. 

The territorial approach accounts “for all resources use and pollution emissions happening inside a 
territory”. If what is needed is accounting for “all resources use and pollution emissions that are 
required to satisfy the consumption needs of a city”, the consumption approach offers the solution 
(Global Initiative for Resource Efficient Cities, 2018). The main advantages of the territorial approach 
are that it is easy to use, data are frequent and accurate, it enables time series and there are large 
pools of cases studies that can be used as examples. However, it does not allow to measure indirect 
flows as there is no standard methodology and sometimes, some flows are unavailable. The 
consumption approach, on the other hand, is perfect to understand the indirect flows and link them 
with the global and local scales. Moreover, it spatializes hinterland and provides a systemic overview. 
The disadvantages of this approach is that there are no input/output tables, which makes experts 
indispensable to use the approach (Fig.  II.12). 

The next two approaches are the Top-Down and the Bottom-Up approaches. The first one provides 
“aggregated values of cities”, while the second one uses infield measures and surveys. The Top-Down 
main advantage is that, as there are frequently published data, it is easy to compare data to other 
years and/or other cities. However, there might not available data in some communities, which 
means that it requires institutional infrastructure to work. Moreover, as it treats the city 
homogenously, the results might not always show what we want to measure (Fig.  II.13). 

                                                             

6 MOOC: Massive Open Online Course. 
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Fig.  II.12. Urban Metabolism Accounting Approaches: Territorial vs Consumption. Source: Taken from 'The Metabolism of 

Cities' (Global Initiative for Resource Efficient Cities, 2018). 

 
Fig.  II.13. Urban Metabolism Accounting Approaches: Top-Down vs Bottom-Up. Source: Taken from 'The Metabolism of Cities' 

(Global Initiative for Resource Efficient Cities, 2018). 
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The las two approaches proposed by the Global Initiative for Resource Efficient Cities are the 
Temporal and the Spatial Approaches. The Temporal Approach (Fig.  II.14) takes into account the 
evolution of the flows across time scales, while the Spatial Approach (Fig.  II.15) takes into account 
the spatial resolution of problems (Global Initiative for Resource Efficient Cities, 2018). 

 
Fig.  II.14. Urban Metabolism Accounting Approaches: Temporal Approach. Source: Taken from 'The Metabolism of Cities' 

(Global Initiative for Resource Efficient Cities 2018). 

 
Fig.  II.15. Urban Metabolism Accounting Approaches: Spatial Approach. Source: Taken from 'The Metabolism of Cities' (Global 

Initiative for Resource Efficient Cities, 2018). 
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II.3.2.2. Urban Metabolism Accounting Methodologies 

The Global Initiative for Resource Efficient Cities (2018) identifies four main accounting 
methodologies for UM: 1) Data Collection Methodology; 2) Material Flow Accounting (MFA); 3) Input-
Output Analysis (IOA); and 4) Life Cycle Assessment (Global Initiative for Resource Efficient Cities, 
2018). A brief description is provided for each one of these methodologies and its advantages and 
disadvantages are presented in Table II.1, according to the GIREC’s MOOC. 

Data Collection Methodology 

The Data Collection Methodology provides a general overview of a city’s metabolism through the 
juxtaposition of data coming from different sources. The advantages are that it treats flows 
separately, which enables comprehensive policies. Moreover, there are many study cases. However, 
this methodology does not have an accounting method, it makes difficult the comparison because 
of the independence of the data and it is time-consuming. Finally, the sustainability of a system 
assessed through this methodology could be overestimated, as it does not account indirect flows. 

Material Flow Accounting (MFA) 

The MFA is the “systemic assessment of the flows and stocks of materials within a system defined in 
space and time” (Brunner & Rechberger 2004, p3). According to Adriaanse et al. (1997) material flow 
accounting can help to “track the physical flows of natural resources through extraction, production, 
fabrication, use and recycling, and final disposal accounting for all losses along the way” (Adriaanse 
et al. 1997, p5). The importance of this method is that allows understanding the drivers and feedbacks 
of the system, and not only the superficial metabolic requirement of a society, because of availability 
of data at small scales (Benavides Mondragón, 2017). 

Input-Output Analysis (IOA) 

The Input-Output Analysis (IOA) is a tool from the field of the macroeconomics that provides and 
overviews an economy by examining an input-output table (Global Initiative for Resource Efficient 
Cities, 2018).   

Life Cycle Assessment 

The Life Cycle Assessment is an assessment of all processes included in the manufacturing of goods 
and services going from the extraction to the end of life (Global Initiative for Resource Efficient Cities, 
2018). According to GIREC, this method is composed of four interconnected phases: 1) Goal and 
scope definition; 2) Inventory Analysis; 3) Impact Assessment; and 4) Interpretation. According to 
Benavides (2017), this methodology assesses the environmental consequences of any product, 
activity or system, in order to provide information related to the implications of each stage of the 
unit’s life (Benavides Mondragón, 2017). 
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Advantages and Disadvantages of UM Accounting Methodologies 

Methodology Advantages Disadvantages 

Data Collection Methodology +Treats each flow separately 
+Enables comprehensive policies 
+Loose framework 
+Lots of cases of studies 

-Lack of accounting method 
-Difficult comparison 
-Very data dependent / time 
consuming 
-Black-box approach 
-Lack of environmental impact 
-It can overestimate sustainability 

Material Flow Accounting (MFA) +Consistent framework 
+Supports policy making through 
indicators 
+Very comparable 
+Available at national level 
+Useful for circular economy 

-Low data availability  
-Not very relevant for cities 
-Aggregates all flows in tones 
-No environmental impact 

Input-Output Analysis (IOA) +Systematically complete 
+Covers the whole economy 
+Indirect effects 
+Links with global economy 
+Spatializes hinterland 

-Almost no Input-Output tables at city 
level are available 
-Approximation for production 
recipes 
-Uncertainties 
-Time lag 

Life Cycle Assessment +Harmonized methodology 
+Comparison products and services 
+Upstream and downstream flows 
+Environmental Impact 

-Sometimes arbitrary boundaries 
-For products and not cities 
-Not automatic spatialization of 
hinterland 

Table II.1. Advantages and Disadvantages of UM Accounting Methodologies. Source: Taken from MOOC  ‘The Metabolism of 
Cities’ (Global Initiative for Resource Efficient Cities, 2018). 

II.3.2.3. Standards, Indicators and Indexes 

The Global Initiative for Resource Efficient Cities (2018) identifies some standards, indicators 
and indexes that can help to measure urban metabolism: 1) ISO 37120, 2) The Global Protocol for 
Community-Scale Greenhouse Gas Emission Inventories (Global Initiative for Resource Efficient Cities, 
2018). However, as they require data from the specific case of study, they will not be reviewed for the 
purposes of this work. 

II.3.3. Urban Flows 

Each process that is related to energy and materials can be considered as a flow, which can 
be defined as “the amount of change something undergoes during a particular length of time” (Kim, 
1999, p19). Finally, vital to understand metabolism is the notion that an accelerated metabolism 
means that there is an overexploitation of resources –inputs-, and an increasing generation of waste 
–outputs-, which compromises the systems’ sustainability. It has been observed, that some fluxes are 
more suitable, when assessing the UM. In the following part, the most important flows –water, 
energy, food and materials- are presented. 
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II.3.3.1. Water Flow 

According to Kennedy (2007), water is “the largest component of urban metabolism in terms 
of sheer mass” (C. Kennedy et al. 2007, p45). When it is an output can be considered as wastewater. 
One of the main reasons to considerate water as an important flow in the metabolism analysis is that 
it constitutes a health determinant, because if drinking water cannot be guaranteed, vulnerability to 
diseases increases (Vlahov et al., 2007). 

II.3.3.2. Food Flow 

 The food or nutrients flow –according to Kennedy et al. (2007)-, is “vital to successful nutrient 
management strategies and urban sustainability” (Christopher Kennedy, Cuddihy and Engel-Yan, 
2007). According to the UNEP (2016), studying this flow is central to reduce urban population’s 
vulnerability to climate change associated to food insecurity (UNEP, Tong Keng Yam et al. 2016). 

II.3.3.3. Energy Flow 

It is central for the energy flow to understand, that it is composed by two types of emissions. 
The first one is the direct energy consumed, while the second one, is the primary energy 
consumption, which includes energy losses in the production of electricity (Christopher Kennedy, 
Cuddihy and Engel-Yan, 2007). 

II.3.3.4. Materials Flow 

This flows is usually very important to cities, especially because  it constitutes a great part of 
the infrastructure (Christopher Kennedy, Cuddihy and Engel-Yan, 2007).  This flow is also associated 
with the production and consumption activities in cities, including imports of raw materials and 
products to the city (Chen and Chen, 2015b). 
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Closing Remarks 

  After having reviewed the metabolism from the ecological sciences - as “the sum total of the 
chemical processes that occur in living organisms, resulting in growth, production of energy, and 
elimination of waste material” (Chen and Chen, 2015a)”; and the social sciences, as “processes which 
enable a community to appropriate, to circulate, to transform, to consume and to excrete materials 
or energies from the natural environment with the best efficiency possible” (Toledo, 2008a, p24); 
Urban Metabolism is defined as: 

“the analysis of all technical and economic flows of energy and material associated with 
the production and consumption activities in cities, including imports of raw materials 
and products to the city from other economies or natural ecosystems, exchanges of goods 
and services between urban economic sectors, and materials leaving the cities’ 
boundaries in the form of exports, gaseous emissions, or liquid and solid waste” (Warren-
Rhodes and Koenig, 2001; Christopher Kennedy, Cuddihy and Engel-Yan, 2007; Chen, 
Chen and Fath, 2014; Chen and Chen, 2015a). 

In this context, several UM approaches, methodologies, standards, indicators are shown as part pf 
the evolution of the term and its applicability in the urban arena. Finally, some of the most important 
urban flows, that the UM considers as vital to understand a city’s –or USES- metabolism, are 
explained. 
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II.4. Resilience in Urban Socio-Ecological Systems 

In order to understand UR for USES, it is vital to understand what Risk is. Therefore, this 
chapter is divided into two sub-chapters. In Risk, we will review the traditional definition of the term, 
considering its three key elements -hazard, exposure and vulnerability-, and the risk matrix composed 
by the hazards, severity and frequency approach, which is widely used in working environments, as a 
mean to assess risks and ensure people’s physical protection and health while working. 

After that, in the second sub-chapter, Urban Resilience, the term ‘resilience’ is reviewed first from the 
ecological sciences perspective, and then, from the social sciences perspective, in order to provide a 
conceptual framework for what UR is. Finally, Urban Resilience is defined through the theoretical and 
practical approaches that are used in today’s City’s Resilience Assessment and Planning. 

II.4.1.Risk 

In the traditional natural disasters management perspective, ‘Risk’ can be defined as the 
combination of three determinants: hazard –including magnitude7 and frequency-, exposure and 
vulnerability to the hazard event (Cardona et al., 2012) (Fig.  II.16).  

 
Fig.  II.16. Key elements of Risk. Source: (Cardona, 2012). 

In this context, the UNDRO (1980) argues that vulnerability refers to “the propensity of exposed 
elements such as human beings, their livelihoods, and assets to suffer adverse effects when impacted 
by hazard events” (UNDRO, 1980).  Meanwhile, exposure refers to “the inventory of elements in an 
area in which hazard events may occur” (Cardona, 1990; UNISDR, 2004, 2009; Cardona et al., 2012). In 
this context, resilience is considered the counterpart of risk (Fig.  II.17). In this context, resilience is 
defined as characteristic –including coping capacity8 and adaptive capacity9-, desired for 

                                                             

7 Severity 
8 In the context of Disasters Management, and according to the UNDRO (2009) a coping capacity is “the 

ability of people, organizations, and systems, using available skills and resources, to face and manage adverse 
conditions, emergencies, or disasters” (UNISDR, 2009). 

9 According to Cardona (2012) and in the context of Disasters Management, an adaptive capacity 
“refers to the ability of a system or individual to adapt to climate change, but it can also be used in the context 
of disaster risk” (Cardona et al. 2012, p73). 
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communities, societies or social-ecological systems that are affected by extreme and non-extreme 
weather and climate events (Cardona et al., 2012). Therefore, a lack of resilience (in disaster risk 
management) or lack of coping and adaptive capacities (in climate change adaptation) are 
“limitations in access to and mobilization of the resources of the human being and their institutions, 
and incapacity to anticipate, adapt, and respond in absorbing the socio-ecological and economic 
impact” (Cardona et al. 2012, p72). 

 
Fig.  II.17. Risk / Resilience. Source: Based on (Asian Development Bank, 2013). 

However, the Risk Assessment takes into account only the hazards that come from natural dimension, 
including climate change, -as well as the vulnerability and exposure-, which complicates the use of 
this definitions for USES. In this circumstance, a risk definition based on the risk matrix –often used by 
industry to assess risk based on the frequency and severity of the hazards-, was proposed to conduct 
this research as it allows the understanding of hazards that come from several dimensions –social, 
ecological, economical, political, and health-. 

From this perspective, the approach towards risk and resilience interconnections in this research is 
appreciated in Fig.  II.18. In this context, the hazards can be transformed into risks, when their 
exposure is assessed through severity and frequency. In this scenario, it is possible to assess the 
resilience of the USES, while finding its vulnerabilities. In this context, vulnerability is redefined 
according to Chapin (2009) as the “degree to which a system is likely to experience harm owing to 
exposure and sensitivity to a specified hazard or stress and its adaptive capacity to respond to that 
stress” (Chapin, Carpenter, et al., 2009, p241). 
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Fig.  II.18. Risk/Resilience. Based on (Secretaría del Trabajo y Previsión Social, 2011; Asian Development Bank, 2013). 

Moreover, according to Hallegatte & Corfee-Morlot (2011), understanding the nature of future risks 
and identifying the main drivers of urban vulnerability are key challenges for local actors (Hallegatte 
and Corfee-Morlot, 2011). After having explained the whole perspective of the risk concept managed 
in this research, the three redefined components of risk –hazards, frequency and severity-,are 
defined. 

II.4.1.3. Defining Hazards for Urban Socio-Ecological Systems 

To start with, the term hazard can have several meanings according to the context, and the 
author perspective. Hazards can be defined from the ecological and the social sciences perspectives. 
As a result, an evolution –in relation with the resilience conceptualization- on the term hazard is 
observable. For example, the Asian Development Bank (2013) defines urban resilience as “the ability 
to withstand and recover from unexpected shocks associated with natural hazards and climate 
change” (Asian Development Bank, 2013). In this context, hazards are both climate change and 
natural hazards, for example, hydro-meteorological events including floods, cyclones, storm surges, 
and droughts, as well as geophysical events, such as earthquakes, volcanic eruptions, and tsunamis. 
Moreover, the Asian Development Bank considers climate change as an accelerator of natural 
hazards (Asian Development Bank, 2013) (Fig.  II.19).  

In this direction, climate variability and change are hazards, but other events related to social, 
economic or political dimensions are considered only as a vulnerability’s intensifier. In addition, 
Romeo-Lankao & Gnatz (2013) argued that “patterns of resource use and of response to hazards are 
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mediated by each nation’s economy, environment, institutions and culture” (Romero-Lankao and 
Gnatz, 2013).  

 
Fig.  II.19. Hazards divided on natural hazards and climate change related hazards. Source: Based on the Asian Bank 

Development definition of Risk (Asian Development Bank, 2013). 

Most authors that work with risk reduction, use this approach in which natural hazards and climate 
change are seen as the major threat to society, without taking into account social, educational and 
technological hazards as hazards, but as factors, dimensions or contexts.  

Another example of this hazard’s categorization is the one proposed by Middleton & Sternberg in 
2013, in which they divided hazards for drylands in two main categories: natural and climate hazards 
in drylands. After that, the divided climate hazards in two categories: 1) direct climate hazards, which 
include droughts, dust storms, sand dune movement, flash floods, wildfire, dzud10 and heat waves; 
and, 2) indirect hazards, which included biological dryland hazards and the ‘desertification’ hazard 
(Middleton and Sternberg, 2013) (Fig.  II.20). As it is observable, hazards’ source is on the nature, in 
other words, hazards can only come from the ecological dimension.  

Contrary to the first perspective, the literature review suggests that some authors visualize ecological, 
social and economic issues as challenges that can become hazards, if fostered by climate change 

                                                             

10 According to Middleton & Sternboy, “a dzud occurs when extreme winter cold, snow and ice render 
forage inaccessible or unavailable, resulting in high livestock mortality” (Middleton and Sternberg, 2013). 
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(Wagner and Breil, 2013). The reason is that natural hazards are also the result of complex biophysical 
and economic interconnected systems (Bevacqua, Yu and Zhang, 2018).  

 
Fig.  II.20. Hazards divided on natural hazards and climate change hazards (direct and indirect). Source: Based on the 

Middleton & Sternberg’s “Hazards for Drylands Model” (Middleton and Sternberg, 2013). 

As a result, hazards are considered as natural driven, but fostered by socio-economic factors, that can 
affect a system’s resilience (Mochizuki et al., 2014; Adriana Gracia et al., 2017). In addition, 
anthropogenic actions exacerbate climate change and therefore, hazards are exacerbated and 
therefore, the frequency and severity of extreme events increases (Sharifi and Yamagata, 2016). 

A more developed approach that follows this schema is the one developed by Kenny (2017), in which 
‘risk’ is seen as the interplay between environmental, economic and social processes (Kenny, 2017) 
(Fig.  II.21). In this scenario hazards are both natural (variability), and anthropogenic (climate change); 
in addition, both are affected by emissions, land use change and impacts from socio-economic 
processes, for example socio-economic pathways, governance, and adaptation and mitigation 
actions.  

Kita (2017) also considers that challenges can be physical, social, economic, political or 
environmental, and that they can increase the impact of natural and climate change related hazards 
(Kita, 2017). Despite the fact that this author somehow considers socio-ecological systems as complex 
entities, he does not consider social and economic problems as hazards, but only if they are combined 
with ecological or climate change related hazards. 
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Fig.  II.21. Risk: Hazards, Vulnerability & Exposure. Risk as the interplay between environmental, economic, and social processes. 

Source: Based on (Kenny, 2017). 

Other authors with a multi-dimensional approach categorize hazards according to the sector –or 
system- they are affecting. That is the case of Sonwa et al. (2012), who analyze vulnerability 
emphasizing on three sectors: 1) food and health, 2) energy and 3) water. Having found the hazards 
from each sector, they make an inter-sectoral analysis, in which, they discover that human-induced 
pressures on forest ecosystems are more than climate change pressures (Sonwa et al., 2012).  

Thinking back on Sonwa’s research, it is recognizable that hazards identified are: 1) climate change 
and variability (increase in temperature, changes in precipitation, changes in seasonal patterns, 
hurricanes and storms, increase in CO2 levels, sea level rise, land see change, landscape 
fragmentation, resource exploitation); and 2) human-induced hazards (Sonwa et al., 2012). This is a 
clear example, which shows that urban populations and economic sectors are not only negatively 
affected by hazards, but also ecological systems face hazards resulting from human pressures on the 
environment (Romero-Lankao and Dodman, 2011). 

What is more, ecological and man-made hazards are becoming extreme and complex due to the 
impacts of climate change, urbanization and changing land-use patterns (Sharifi and Yamagata, 
2016; Faivre et al., 2017; Bevacqua, Yu and Zhang, 2018).  

Another example of this hazards’ perspective, was the one proposed by Elliot, Cutts & Trono (2010), 
in which they characterized coastal and coastal wetland area hazards while assessing the 
vulnerability of coasts. For the purposes of their research, they divided hazards in three categories: 1) 
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Natural hazards; 2) Anthropogenic; and 3) Natural but exacerbated by human activities (Elliott, Trono 
and Cutts, 2010; Elliott, Cutts and Trono, 2014).  

In this context, there are also examples of problems that can fall in the three categories of hazards. 
That will be the case of wildfires, which are a hazard themselves, but also can be produced due to: 1) 
Other natural hazards; 2) natural hazards exacerbated by human activity (indirectly increase on global 
temperatures); and 3) anthropogenic, which can be uncontrolled fires (Úbeda and Sarricolea, 2016) 
(Fig.  II.22). 

 
Fig.  II.22. Natural & Social Hazards. A socio-ecological system can be vulnerable to natural hazards, human-induced 

(anthropogenic or social) hazards, and natural hazards, which are exacerbated by human activity. Source: Based on (Romero-
Lankao and Dodman, 2011; Sonwa et al., 2012; Elliott, Cutts and Trono, 2014; Úbeda and Sarricolea, 2016; Faivre et al., 

2017; Bevacqua, Yu and Zhang, 2018). 

Technical hazards is other name for those hazards, which were induced by human activities (Renaud 
et al., 2013). In addition, for other authors, hazards can be divided in natural and human-induced 
environmental hazards (including climate change) (McBean and Ajibade, 2009). In this perspective, 
they consider the social, economic and political challenges as hazards’ intensifiers. 

 Such approaches are similar to the one proposed by Vastag (1996), which considers on the one hand, 
endogenous environmental hazards, which arise from the internal operations of the system and on 
the other, the exogenous environmental hazards (Vastag G, 1996). In this context, both were 
determined by the systems’ external context: its location, it's ecological setting and the demographic 
characteristics of the physical environment in which it operates (Bhowmik et al., 2017). 

Another perspective, is the multi-dimensional, which is related to sustainability assessments, in which 
indicators are based on the three sustainable dimensions -ecological, social and economic- and 
therefore, hazards are related to each dimension. For example, in 2014, Michael, Noor and Figueroa 
reviewed the indicators used to assess sustainability, which were related to specific characteristics 
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according to each case of study (Michael, Noor and Figueroa, 2014). They do not call challenges whit 
the term of ‘hazard’, but it is observable that such problems are hazards related to sustainability’s 
dimensions. 

In the multi-dimensional perspective the system’s vulnerability itself is considered as a hazard. For 
instance, some social hazards like poverty, according to the concept of vulnerability (Nazari et al., 
2015), which used in different contexts refers to the degree in which a system is susceptible to be 
harmed by factors and stressors (Burg, 2008; Deressa, 2010). 

Hazards can also be separated into: 1) Shocks (sudden), which integrate natural hazards; and, 2) 
Stresses (chronical), which incorporate the socio, ecological and technical hazards that are always part 
of any socio-ecological system (Fig.  II.23). This perspective considers hazards, the perturbations, the 
stresses and the stressors of a system (Turner et al., 2003; Nazari et al., 2015). 

 
Fig.  II.23. Shocks and Stresses as Hazards. Source: Based on (Turner et al., 2003; Nazari et al., 2015; The Rockefeller 

Foundation, 2017). 

This is also important to consider when defining hazards, because while chronic stressors are well-
known, recurrent and can often be estimated -urbanization and ageing of infrastructure-, acute 
shocks are unpredictable, uncommon, and can have devastating consequences -floods, earthquakes, 
disease outbreaks and terrorist attacks- (Juan-García et al., 2017). For example, populations are also 
vulnerable to wealth and culture challenges (Boyd and Juhola, 2015). Therefore, social and economic 
aspects, such as migration, global economics, and depreciation and inflation rates can also be 
considerated as hazards for certain socio-ecological systems.   

Further, natural hazards and climate change-related hazards are in strong relation with social, 
economic and politic factors, that can eventually become stressors, and therefore, hazards (Romero 
Lankao and Qin, 2011). In this context, Romero Lankao & Qin (2011) argued that “urban centers and 
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their populations are not only exposed to climate hazards, but also exposed to a variety of ecological 
and societal stresses and shocks” (Romero Lankao and Qin, 2011). 

In fact, cities are challenged by a high complexity of acute and chronic problems, including hazards 
that can be related to economic development, social polarization and segregation as well as climate 
change and ecological degradation (Spaans and Waterhout, 2017). In this direction, Spaans considers 
problems as complex in themselves, but also as interrelated hazards, with causes and consequences 
in other hazards. Needless to say that the urban places are nowadays increasingly reliant on the 
functioning of globalized markets, food and finance systems, socio-ecological systems are also open 
to contagion from distant extreme events (David Harvey, 1989; Ziervogel et al., 2017). Therefore, 
hazards can be not only ecological and climate hazards, but also, economic, political, physical and 
technological (Ziervogel et al., 2017) (Fig.  II.24). 

 
Fig.  II.24. Hazards interconnected. Hazards as part of an interconnected system in which hazards have an impact on a complex 

socio-ecological, as well as on other hazards. At the same time, hazards can be intensified due to other hazards. Source: Based 
on (Spaans and Waterhout, 2017; Ziervogel et al., 2017). 

Furthermore, it is imperative to avoid hazards simplification, because a system can be resilient to a 
range of hazards that can include everyday hazards, small hazards, and large hazards (Fraser et al., 
2017). Moreover, some authors recognize the complexity and uncertainty in each urban system, and 
therefore define hazards, according to the specific case of study. For example, Crowe, Foley and 
Collier (2016), recognize that hazards can be ecological, but also, social, cultural and economic 
(Crowe, Foley and Collier, 2016); in addition, they can be from outside the socio-ecological system, as 
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well, as from the inside. Despite the fact that they do not attempt to define hazards, they reflect on 
the flexible categorization of hazard according to each system’s characteristics. 

In this complexity perspective, it is central to mention, that other authors also consider the 
complexity of hazards, but stay with the UNISDR11’s hazards definition12 (UNISDR, 2017) in order to 
give uniformity to the researches. That is the case of Tatebe (2015), who considers hazards as natural 
and climate-change related in order to keep uniformity in his research, and therefore defines the 
economic, social and environmental dimensions as contexts of natural hazards (Tatebe and Mutch, 
2015).  

In addition, Faivre et al. (2017) also added the term of “emerging hazards” to name all those hazards 
that might be part of our reality, but that are not yet considered as hazards (Faivre et al., 2017). Once 
more, uncertainty to emerging hazards should be considered in order to establish conceptual, 
methodological, management and legal framework for disaster risk reduction, which are both: 
flexible and effective. 

Considering complexity of hazards is therefore, very important to construct social awareness about 
risk exposure. Bonaiuto (2016) found that people in general tend to classify hazards according to 
place attachment, which means that local hazards –such as water scarcity, deforestation or floods- 
are not perceived as hazards, while global hazards –wars, climate change, global warming- are 
actually, perceived as hazards (Bonaiuto et al., 2016). This categorization of hazards is also important 
to consider, especially when building hazards and vulnerability maps in any dimension, and when 
implementing resilience strategies to deal with a specific hazard. 

It is observable that the term of hazard has evolved in the last years, and therefore, hazards 
perspectives can be identified according to what authors understand and interpret as hazard. It is 
undeniable that some entities and authors stay in the first two categories, when doing research in 
order to provide uniformity. However, as socio-ecological systems are complex and uncertain, 
analyzing hazards must be more extensive, especially when it is mandatory to understand the whole 
reality and not just a part of it (Fig.  II.25).  

To conclude this section it it important to mention that risks are classified in three categories: 1) 
Simple risks, which are easy to understand, categorised, and responded to; 2) Complicated risks, 
which are a combination of many simple risks; and 3) Complex risks, which are risks that cannot be 
broken into pieces in the same way as simple or complicated risks (Keys W. 2018). Following this 

                                                             

11 United Nations Office for Disaster Risk Reduction. 
12 UNISDR, defines ‘hazard’ as “a process, phenomenon or human activity that may cause loss of life, 

injury or other health impacts, property damage, social and economic disruption or environmental 
degradation”. They classify hazards as biological, environmental, geological/geophysical, hydro- 
meteorological and technological. Moreover, they recognize that hazards can be natural, anthropogenic or 
socio-natural in origin (UNISDR 2017). 



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 70 of 250 

 

direction, hazards can also be simple, complicated and complex, which constitues a challenge when 
assessing risk and resilience for complex USES. 

 
Fig.  II.25. Hazards Perspectives. Source: Own source, based on literature’s review. 

II.4.1.1. Defining Frequency for Urban Socio-Ecological Systems  

 The frequency can be defined as the probability of something -hazard-, occurring (Aptikar, 
2005). In this methodology, such probability can be remote, isolated, occasional, recurrent or 
frequent, as observed in Table II.2 (Secretaría del Trabajo y Previsión Social, 2011). 

Hazards Frequency for USES 

Nomenclature Definition 
Remote It can exceptionally occur 
Isolated It can hardly occur 

Occasional It happens a few times 
Recurrent It happens frequently 

Frequent It happens regularly 

Table II.2. Frequency for USES. Source: Taken from NOM-031-STPS-2011 (Secretaría del Trabajo y Previsión Social, 2011). 
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II.4.1.2. Defining Severity for Urban Socio-Ecological Systems  

 The severity can be defined as the level of harm of hazard and according to the NOM-031-
STPS-2011, it can be classified as minor, moderate, damage, or fatal, according to the definitions 
presented in Table II.3 (Secretaría del Trabajo y Previsión Social, 2011).  

Hazards Severity for USES 

Nomenclature Definition 
Minor Without harm or temporal harm 

Moderate Harms that last more than 3 days 
Damage Permanent incapacity 

Fatal Death 

Table II.3. Severity for USES. Source: Taken from NOM-031-STPS-2011 (Secretaría del Trabajo y Previsión Social, 2011). 

 

II.4.2. Urban Resilience 

 Urban Socio-Ecological Systems face a wide number of complex challenges. Firstly, they need 
to adapt to climate change while applying strategies to mitigate or control natural hazards, as well, 
as their cascading effects. Secondly, there is and increasing necessity of adopting green technologies, 
infrastructure and services to ensure sustainability. Thirdly, as urban environments involve a social 
dimension, challenges related to wealth, population growth and culture arise. What is more, more 
people in a specific urban area means more pollution, and with it, negative effects in health and social 
security (Boyd and Juhola, 2015). In this context, Urban Resilience (UR) can act as a counterpart of 
such challenges. 

As a mean to understand UR, the concept of resilience will be explained from the natural and social 
sciences. After that, UR will be defined, based on some theoretical and practical approaches that are 
currently being used to asses city’s resilience. To conclude, UR will be defined as a desired status with 
certain qualities. 

II.4.2.1. Resilience 

 Resilience, a term with roots in the Latin ‘resilio’, which means ‘to bounce’ was first used to 
describe leaping, jumping or rebounding in classical times by “accomplished men of letters” such as 
Pliny the Elder (Reyers and Lee Moore, 2017). Since then, it has been used in several contexts with 
positive –and also negative- connotations. Since the 1970s resilience has become a vital concept in 
the study of ecosystems and some years after it became important to help in the description of 
systems, institutions, social systems and socio-ecological systems (Reyers and Lee Moore, 2017).  

C. S. Holling (1973) defined resilience as the capacity of a system, which in spite of being under 
disturbances and changing conditions, is able to absorb change and to continue developing (Holling, 
1973; Reyers and Lee Moore, 2017). In this direction, change stopped being considered as something 
to be avoided to something vital and –even desirable- which helps a system to become more robust, 



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 72 of 250 

 

diverse and better prepared to deal with uncertainty (Reyers and Lee Moore, 2017). In this context, 
resilience allows the understanding of USES, as complex and dynamic entities made up of many 
social, ecological, economic, environmental, cultural, human, and manufactured parts (Reyers and 
Lee Moore, 2017). 

II.4.2.1.1. Resilience from the Natural Sciences Perspective 

The term resilience is the “ability of a system, community, or society exposed to hazards to 
resist, absorb, accommodate to, and recover from the effects of a hazard promptly and efficiently by 
preserving and restoring essential basic structures” (UNISDR, 2011). In this context, a resilient 
community is that one which is able to absorb disturbances, change, reorganize and still retain the 
same basic structures and provide the same services (Resilience Alliance, 2007). 

 
Fig.  II.26. The Resilience Framework.  A new stable state. Source: Based on the Resilience Framework (Linnenluecke and 

Griffiths, 2010; Lu and Stead, 2013). 

The concept of resilience is used in the disasters field as a way of understanding the ability of a system 
to avoid damage as a result of a natural hazard impact (Johnson and Blackburn, 2014). It has been 
used in reference to different scales and different kinds of systems. In recent years, it has increasingly 
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been used to conceptualize the ideal characteristics of an urban system that can withstand natural 
hazard events and the direct and indirect impacts of climate change (Johnson and Blackburn, 2014). 
Resilience is frequently presented as a counter to risk, creating a series of tensions for policy makers, 
politicians and for practitioners tasked with making ‘resilience’ happen, on-ground (Beilin and 
Wilkinson, 2015).  

In Fig.  II.26 there is a red line representing the ecological perspective of resilience, which means that 
after an impact or extreme weather event the system can return to an assumed optimum state after 
disturbance. Moreover, such stability can also mean to reach a new stable state which can be lower 
or higher respectively from the normal state (Lu and Stead, 2013). Such hard science’s perspective is 
usually used by some authors as to define a system’s robustness and flexibility, for example Lu and 
Tead (2003): “a system’s robustness is determined according to its ‘strength’ to carry and absorb 
uncertain disturbances, whilst its rapidity refers to the flexibility to rearrange itself into a new stable 
state (which is not always the same as its previous state) after a collapse occurs”.  

Central to the notion of resilience in the ecological sciences’ perspective (hard sciences), are the key 
concepts of coping capacity and adaptive capacity, especially in the context of Disasters Management. 
According to the UNDRO (2009) a coping capacity is “the ability of people, organizations, and 
systems, using available skills and resources, to face and manage adverse conditions, emergencies, 
or disasters” (UNISDR, 2009, p73). Meanwhile, according to Cardona (2012), an adaptive capacity 
“refers to the ability of a system or individual to adapt to climate change, but it can also be used in 
the context of disaster risk” (Cardona et al. 2012). 

II.4.2.1.2. Resilience from the Social Sciences Perspective 

Pickett, Cadenasso & Grove’s (2002) defined resilience from a metaphorical perspective, 
which results more suitable to the social sciences. To start with,  they clarified that any technical term 
in ecology has three kinds of connotation: meaning, model, and metaphor (Pickett and Cadenasso, 
2002). In this context, the meaning would be the core definition of a concept that can apply to any 
appropriate situation or instance; the models enable the translation of the core meaning to a real or 
proposed situation, as they are representations of systems; and the metaphor work as figures of 
speech which permit to take one thing for another, which is different, and present it as a visual 
analogy that can be creative when applied in new situations (Pickett and Cadenasso, 2002). 
Moreover, metaphors help us to understand something in terms of name or description , which is not 
literally applicable to it (Jackson, 2003). 

As cities possess the human factor, their adaptive capacity differs from the common ecological 
systems’ perspective, as they are SES with various dynamics and their resilience might be as well 
affected by social factors. In this context adaptive capacity refers to the mechanisms of learning 
process or evolution of novelty (Carpenter et al., 2001). 

In this context, Pickett (2014), following Yohe and Tol (2002), argued that the determinants of social 
adaptive capacity can be several (Yohe and Tol, 2002; Pickett et al., 2014): 
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 Range of technologies available 

 Available resources and their allocation  

 Structure of decision-making institutions 

 Human individual capital 

 Social capital, including property regimes 

 Access to risk spreading 

 Ability to manage and critically examine information 

 Public perception of stress and its local manifestation 

In addition, Pickett (2014) argued that adaptive processes in the biophysical realm, considering 
Scheiner & Willig’s (2011) ecological theory include (Scheiner and Willig, 2011; Pickett et al., 2014): 

 Genetic variation and evolution 

 Organismal plasticity 

 Richnes of species and functional groups 

 Regulatory population feedbacks 

 Stocks of limiting resources and their retention 

 Key biological ecosystem structures 

 Meta-community and dynamic spatial heterogeneity 

 Limitation of biotic sink patches 

 Scaled connectivity 

 Compartmentalization of disturbance 

Therefore, the adaptive cycle, which is the resilience framework from the ecological perspective, can 
only provide a temporal framework for considering how the social adaptive processes might differ, 
depending on the reorganizational or the conservative mode of a system (Pickett et al., 2014). In Fig.  
II.27, the adaptive processes, which take part in social and biophysical realms, according to Pickett 
et al. (2013) can be observed. As appreciated, they include: 1) Social adaptive processes; 2) Social 
conditions favorable for adaptation; 3) Biophysical adaptive processes; and 4) Biophysical conditions 
favorable for adaptation (Pickett et al., 2013). 

Overall, it is observable that social systems are more complex than ecosystems because they 
incorporate the social dimension, and its implications in their adaptive cycle, as well as in their 
dynamics. That is the reason why it is important to keep a systemic socio-ecological perspective of 
resilience when observing a SES, especially if it is a city or a USES. 

In this context, Chapin (2009) defined ‘resilience’ from a socio-ecological perspective as the “capacity 
of a social–ecological system to absorb a spectrum of shocks or perturbations and to sustain and 
develop its fundamental function, structure, identity and feedbacks as a result of recovery or 
reorganization in a new context.” (Chapin et al., 2009). 
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As we can see, the lack of integration between natural and social research, miss-match between 
spatiotemporal scales and lack of common vocabulary can lead to misunderstandings of concepts. 
However, when extrapolated, common challenges can be better understood from an 
interdisciplinary perspective and bring advantages to more than one field, as they can help to 
consider new pathways to take advantage and acquire a common meaning framework and applied 
approaches (Frank, Delano and Caniglia, 2017). 

 
Fig.  II.27. Adaptive processes in social and biophysical realms. Source: (Pickett et al., 2013). 

II.4.2.2. Urban Resilience: An USES Perspective 

 Urban resilience has a multidisciplinary and complex nature (Jabareen, 2013), which is the 
reason why such a concept is hardly theorized. The lack of vocabulary, concepts, theories, frameworks 
and applied approaches in the urban resilience studies have led to take terms from other disciplines 
to address problems raised in other fields in order to try to full-fill the terminology for urban studies 
(Frank, Delano and Caniglia, 2017).  

Based on the facts that global climate change, the increasing effect of global teleconnections (Seto 
et al., 2012), as well as the need of reducing risk posed by climate change (Pincetl, 2012) are 
transforming the shape of cities, Pickett (2014) suggests the raise of a new ‘contemporary urban 
ecological science’ (Pickett et al., 2014) in order to assemble the contextual and conceptual aspects 
of contemporary urban change into a framework (Fig.  II.28).  

In this context, Resilience Alliance (2010) defined resilience as a system property which “refers to the 
magnitude of change or disturbance that a system can experience without shifting into an alternate 
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state that has different structural and functional properties and supplies different bundles of the 
ecosystem services that benefit people” (Resilience Alliance, 2010, p5). 

 
Fig.  II.28. Contemporary Urban Ecological Science. Contemporary Urban Ecological Science according to Pickett et al. (2014) 
considering Larson, Steiner, Forman, McGrath, Shane, and Pickett (Steiner, 2002; Forman, 2008; Pickett, S. T. A. et al., 2008; 

Larson, 2011; Pickett et al., 2011; McGrath, 2013; Shane, 2013). Source: Based on (Pickett et al., 2014). 

The Rockefeller Foundation & ARUP (2015) defined city resilience as “the capacity of cities to function, 
so that the people living and working in cities –particularly the poor and vulnerable- survive and 
thrive no matter what stresses or shocks they encounter” (The Rockefeller Foundation & ARUP, 2015, 
p3). Urban resilience can also be defined as “the capacity of individuals, communities, institutions, 
businesses, and systems within a city to survive, adapt, and grow no matter what kinds of chronic 
stresses and acute shocks they experience” (LeTourneau et al., 2016). In this direction, Folke (2017) 
argued that, “resilience research emphasizes the interplay between gradual change and abrupt 
change” (Folke, 2017). In this context, we can have two types of changes. Changes can be rapid or 
gradual. Despite the fact that both affect human environment, gradual changes or stresses can be 
considered as more critical because, as they are less obvious, they accumulate until they reach a 
tipping point in which the system has to change into an entirely new system state (Reyers and Lee 
Moore, 2017). 

In the book “Principles for Building Resilience: Sustaining Ecosystem Services in Social-Ecological 
Systems”, published by Cambridge University Press (2014) a set of seven principles are presented and 
considered as crucial for building resilience in social-ecological systems. Such principles include: 1) 
Maintain diversity and redundancy, 2) Manage connectivity, 3) Manage slow variables and feedbacks, 
4) Foster complex adaptive systems thinking, 5) Encourage learning, 6) Broaden participation, and 7) 
Promote polycentric governance systems (Biggs, Schlüter M. and Schoon M.L., 2015). 
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Important to the notion of urban resilience is that, according to Selber, Ryan, Borgström, Norström & 
Peterson (2018), resilience planning has contributed to “developing a social-ecological systems 
perspective, more adaptive and collaborative approaches to planning, and that it clarified 
management goals of desirable resource conditions” (Sellberg et al., 2018).  In this direction, 
‘resilience thinking’ is a new concept developed to view the social and ecological systems as 
intertwined, which components’ interactions continually produce surprises (Berkes, Colding and 
Folke, 2003; Folke et al., 2010; Sellberg et al., 2018). In this context, resilience thinking suggests ways 
to strengthen urban resilience through fostering learning, participation, and understanding of 
complexity (Biggs, Schlüter M. and Schoon M.L., 2015; Sellberg et al., 2018), in order to trigger 
transformations at smaller scales, as this contributes to build resilience at larger scales (Folke et al., 
2010; Sellberg et al., 2018). 

 
Fig.  II.29. Urban Resilience. In this work, resilience is defined as a counterpart of risk, which is composed by hazards, exposure –

including severity and frequency)-, and vulnerability, considering that hazards can come from several dimensions –including 
ecological, social, economic and political- in short-, medium- and long-term. Additionally, resilience is considered as a desired 

dynamic state further than just coping or adapting to change, and willing to transform the system. 

As we can appreciate the term resilience has evolved substantially in meaning from ‘recovering from 
change, ‘to embracing change’, ‘to encourage it’ (Reyers and Lee Moore, 2017), and from that ‘to 
transform the system’ (Sellberg et al., 2018). Therefore, the term of resilience for the purpose of this 
research will integrate the ecological and the social perspectives. In this context, the concept 
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resilience –considered as a desired dynamic state further than just coping or adapting to change, and 
willing to transform the system-, is the counterpart from risk –composed by hazards, exposure 
(severity and frequency) and vulnerability-. In this direction, hazards can come from several 
dimensions –ecological, social, economic and political-, in short-, medium- and log-term (Fig.  II.29). 
However, which are the qualities that make an USES resilient? As the concept of urban resilience has 
different connotations according to different authors, characteristics that make a city or an USES 
resilient will be mentioned from two approaches. 

Resilient Qualities: A theoretical approach  

From this perspective, we will follow Jabareen’s assumption (2013) that city’s resilience is a 
phenomenon that is complex, non-deterministic, dynamic in structure, and uncertain in nature 
(Jabareen, 2013). Based on complex thinking and complex methods, Jabareen (2013) integrated a 
theoretical framework for defining what makes a city resilient. Such framework is composed of four 
main interrelated concepts as it is presented in Table II.4 (Jabareen, 2013). 

Concepts of Resilient Systems 

1 Vulnerability 
analysis matrix 

Demography of vulnerability: Demographic and socio-economic aspects of urban 
vulnerability 
Informality: Scale and social, economic, and environmental conditions of informal urban 
spaces. 
Uncertainty: Lack of knowledge by an individual or group, which is relevant to achieve 
sustainability. 
Spatial distribution of vulnerability: Spatial distribution of risks, uncertainties, vulnerability 
and vulnerable communities in cities. 

2 Urban 
governance  

Equity: Poverty, inequality, environmental justice, and public participation in decision-
making and space production. 
Integrative: Need to expand and improve local capacity through increasing knowledge, 
providing resources, establishing new institutions, enhancing good governance and 
granting more local autonomy. 
Economics: Economic engines. 

3 Prevention 
 

Mitigation: Policies and actions that aim to reduce greenhouse gas emissions. 
Restructuring Ability and flexibility of a city to restructure itself in order to face social, 
environmental, and economic challenges.  
Applying alternative energy: Access to clean and affordable energy. 

4 Uncertainty-
oriented 
planning  

Adaptation:  Policies that contribute to the adaptation processes, in other words, modifying 
ecological and social systems to accommodate climate change impacts. 
Spatial planning: The role of planning in macro urban dimensions. 
Sustainable urban form: compactness, sustainable transport, density, mixed land uses, 
diversity, passive solar design, greening and renewal and utilization. 

Table II.4. Components of Resilient Systems. Source: (Jabareen, 2013). 

In this context, urban governance must be emphasized through adaptive governance, which has been 
recognized as central to understand systems, because it allows linking global change to multi-level 
institutions in an uncertainty environment (Folke, Hahn and Olsson, 2005; Boyd and Juhola, 2015). 
Considering adaptive governance when analyzing USES allows to have a multi-scalar perspective 
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with defined boundaries for the USES, but without forgetting that the system I embedded in a larger 
system. Moreover, it provides more flexibility when dealing with short and long term shocks and 
stresses. Finally, it allows the formation of social-networks and co-management as forms of 
management that help to deal with uncertainty (Boyd and Juhola, 2015). In this context, Boyd and 
Juhola (2015), proposed four principles of Adaptive Governance, which include: 1) Building 
(ecological) knowledge and understanding of dynamics; 2) Co-management mechanisms; 3) Multi-
level networks; and 4) Ability to plan for and respond to global uncertainty (Boyd and Juhola, 2015, 
p1242) (Table II.5). 

The Four Principles of Adaptive Governance 

1) Building (ecological) 
knowledge and understanding 
of dynamics 

To build resilience you need to anticipate and respond to the feedbacks in a system. 
For this, knowledge and understanding of the (ecological) resource, process, 
function and dynamics is necessary. 

2) Co-management 
mechanisms 

To enhance adaptive responses mechanisms for continuous testing, monitoring, 
and re-evaluation (learning) are required. These mechanisms should help to channel 
knowledge into adaptive management processes with the recognition that 
complex systems are inherently uncertain and that history cannot always inform 
decisions adequately. This depends on leaders and changes in social norms and 
values. 

3) Multi-level networks The adaptive management processes require sharing of power and responsibility 
between user groups or communities, government agencies and non-
governmental organizations, that exist and operate as social networks, often in an 
ad hoc and flexible manner. These adaptive processes operate at difference scales 
and also require support from legal, political and financial institutions. 

4) Ability to plan for and 
respond to global uncertainty 

A system that is vulnerable to an external change, such as global climate change, 
disease out- breaks or natural hazards, is considered non resilient. A resilient system 
is one in which disturbances are used as an opportunity to transform the system into 
a more desired state. The challenge is to accept uncertainty, be prepared for change, 
and enhance the adaptive capacity of the system to deal with disturbance. 

Table II.5. The Four Principles of Adaptive Governance. Source: Taken from ‘Adaptive climate change governance for urban 
resilience’ (Boyd and Juhola, 2015). 

Resilient Qualities: A practical approach  

From this perspective, there are programs that encourage resilience building in cities. For example 
the program, 100 Resilient Cities (100RC), which is pioneered by The Rockefeller Foundation, helps 
cities around the world build resilience to the social, economic, and physical challenges of the 21st 
century (LeTourneau et al., 2016). This Program considers urban resilience as the capacity of 
individuals, communities, institutions, businesses and systems within a city to survive, adapt, and 
grow no matter what chronic stress13 or acute shock14 it experiences (The Rockefeller Foundation, 

                                                             

13 Slow moving disaster, such as high unemployment, endemic violence, chronic food and water 
shortages and overtaxed or inefficient public transportation system, which weaken the fabric of a city (The 
Rockefeller Foundation, 2017). 

14 Sudden and sharp events, such as earthquakes, disease outbreaks, terrorist attacks and floods that 
threaten a city (The Rockefeller Foundation, 2017). 
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2017). In this context, they defined that systems must be reflective, robust, redundant, flexible 
resourceful, inclusive and integrated in order to be considered as resilient (Table II.6). 

  Qualities of Resilient Systems 

1 Reflectiveness Reflective systems refer to the acceptance of the inherent and ever-increasing uncertainty and 
change in today’s world. This means, that systems have mechanisms to evolve, changing and 
modifying standards or norms based on emerging evidence, rather than seeking permanent 
solutions based on the status quo. Most systems learn from experiences and are able to take 
better decisions in the future. 

2 Robust 

 

Robust systems include well-conceived, constructed and managed physical assets, so that they 
can withstand the impacts of hazard events without significant damage or loss of function. Robust 
design anticipates potential failures in systems, making provision to ensure failure is predictable, 
safe, and not disproportionate to the cause. Over-reliance on a single asset, cascading failure and 
design thresholds that might lead to catastrophic collapse if exceeded are actively avoided. 

3 Redundant 

 

Redundancy refers to spare capacity purposely created within systems so that they can 
accommodate disruption, extreme pressures or surges in demand. It includes diversity: the 
presence of multiple ways to achieve a given need or fulfil a particular function. Examples include 
distributed infrastructure networks and resource reserves. Redundancies should be intentional, 
cost-effective and prioritized at a city-wide scale, and should not be an externality of inefficient 
design. 

4 Flexible 

 

Flexibility implies that systems can change, evolve and adapt in response to changing 
circumstances. It may favour decentralized and modular approaches to infrastructure or 
ecosystem management. Flexibility can be achieved through the introduction of new knowledge 
and technologies, as needed. It also means considering and incorporating indigenous or 
traditional knowledge and practices in new ways. 

5 Resourceful 

 

Resourcefulness implies that people and institutions are able to rapidly find different ways to 
achieve their goals or meet their needs during a shock or when under stress. This may include 
investing in capacity to anticipate future conditions, set priorities, and respond, for example, by 
mobilizing and coordinating wider human, financial and physical resources. Resourcefulness is 
instrumental to a city’s ability to restore functionality of critical systems, potentially under severely 
constrained conditions. 

6 Inclusive 

 

Inclusion emphasizes the need for broad consultation and engagement of communities, 
including the most vulnerable groups. Addressing the shocks or stresses faced by one sector, 
location, or community in isolation of others is an anathema to the notion of resilience. An 
inclusive approach contributes to a sense of shared ownership or a joint vision to build city 
resilience. 

7 Integrated 

 

Integration and alignment between city systems promotes consistency in decision-making and 
ensures that all investments are mutually supportive to a common outcome. Integration is 
evident within and between resilient systems, and across different scales of their operation. 
Exchange of information between systems enables them to function collectively and respond 
rapidly through shorter feedback loops throughout the city. 

Table II.6. Qualities of Resilient Systems. Source: (ARUP, 2015; The Rockefeller Foundation and ARUP, 2015a). 
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Closing Remarks 

In this subchapter, risk was defined first from the risk management perspective as the 
combination of three determinants: hazard –including magnitude and frequency-, exposure and 
vulnerability to the hazard event (Cardona et al., 2012). After having defined the concept from the 
most traditional natural sciences perspective (HST), risk is redefined as the result of the severity and 
frequency of hazard events, according to the NOM-031-STPS-2011(Secretaría del Trabajo y Previsión 
Social, 2011). This focus provides a rapid categorization of hazards, in which action should urgently 
be taken.  

Central to the determination of risks that threaten any USES is, to consider that risks and hazards can 
be simple - easy to understand, categorized, and responded to-, complicated -a combination of many 
simple risks-, or complex - risks that cannot be broken into pieces in the same way as simple or 
complicated risks- (Keys W., 2018). 

Having defined the concept of risk, resilience is presented as concept that was born in natural 
sciences, applied to the social sciences, and redefined as Urban Resilience in the urban sciences –
which because of its nature are an integration of socio-ecological perspectives-. As a result, UR is 
defined as a desired dynamic state further than just coping or adapting to change, and willing to 
transform the system (Sellberg et al., 2018), with certain desirable qualities, which include: 
reflectiveness, robustness, redundancy, flexibility, resourcefulness, inclusiveness and integration 
(The Rockefeller Foundation, 2018). 
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II.5. Towards Resilient Metabolism in Urban Socio-Ecological Systems 

It is central for this work to comprehend that urban areas, as stated by Boyd & Juhola (2015), 
“act as engines of change by altering ecosystems and utilizing energy and natural resources both 
within and outside their geographical area” (Boyd and Juhola, 2015). Historically, urbanization has 
been associated with economic and social transformations (United Nations, 2014b). Urbanization is 
then, integrally connected to the three pillars of sustainable development: economic development, 
social development and environmental protection (United Nations, 2014b). However, this means that 
urban areas are affected by such a change, while dealing with further social, economic and 
infrastructure challenges in a limited resources context. 

As Revi & Rosenzweig (2013) argued “urban sustainable development is complex, involving not only 
many sectors but also many political entities” (Revi & Rosenzweig, 2013, p42). Cities’ complexity is 
related to their “wicked” nature, as they “involve multiple interacting systems –social, ecological, and 
economic-, a number of social and institutional uncertainties and imperfect knowledge” 
(McPhearson, 2013). Therefore, systems thinking is required to understand the city’s complexity. 

Understanding the urban system is vital to “reflect the interlinkages between the different drivers of 
urbanization, arising pressures and impact and to identify appropriate response measures in order to 
identify assist in the development of complex policy questions” (Minx et al. 2010, p5). Therefore, 
Systems Thinking Theory is needed in order to identify how resilient the urban metabolism within an 
USES is. In this context, it is essential to remember that the concepts related to urban metabolism are 
part of the Hard System Thinking (HST) theory, while the urban resilience concept is part of the 
Complex Adaptive Thinking (CAT). In addition, both are part of the System Thinking Theory, which 
also considers the Soft System Thinking (SST), which is the system-thinking arena where 
management and planning decisions are made.  

The interlinkage between the different Systems Thinking Theory used for this research are presented 
in Fig.  II.30, in which it can be observed that the proposal of resilient strategies will be a step to plan 
and manage the urban development and conduct it to sustainability. As it was explained in the 
previous subchapter –Metabolism in Urban Socio-Ecological Systems-,  some metabolic processes 
that occur within cities threaten cities’ sustainability (Christopher Kennedy, Cuddihy and Engel-Yan, 
2007). In this context, the study of UM is central to understand the interconnection between urban 
ecosystems and the socio-natural processes that drive changes in them, as well as power 
relationships (Frank, Delano and Caniglia, 2017). Moreover, systems are constantly changing, as a 
result of the interaction between their parts while seeking to process a continuous flow of matter, 
energy and information from their environments (Jackson, 2003). Therefore, the importance of 
understanding how the resources flows in and out the USES. 

Having explained this, this work is focused on three main fluxes Water, Energy and Food. The main 
reason for discriminating other fluxes is time. Because of the scarce time availability, it is not possible 
to measure all inflows and outflows going through the system. The Water, Energy and Food inflows 
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were chosen because according to the FAO15 (2018) this resources nexus means that “the three 
sectors — water security, energy security and food security — are inextricably linked and that actions 
in one area more often than not have impacts in one or both of the other” (FAO, 2018). 

 
Fig.  II.30. Conceptual Framework: System Thinking. Source. Based on Michael C. Jackson’s Systems Thinking (Jackson, 2003). 

In Walking the Nexus Talk: Assessing the Water-Energy-Food Nexus in the Context of the Sustainable 
Energy for All Initiative (Climate Energy and Tenure Division and Food and Agriculture Organization of 
the United Nations, 2014), FAO explains how the Water-Energy-Food Nexus study can address 
interactions and feedbacks within a socio-ecological system: 

“The FAO concept of Water-Energy-Food Nexus explicitly addresses interactions and 
feedback between human and natural systems. It focuses on the resource base, including 
both biophysical and socio-economic resources, on which we depend to achieve social, 
environmental and economic goals pertaining to water, energy and food. Interactions 
take place within the context of external global drivers, such as demographic change, 
urbanization, industrial development, agricultural modernization, international and 
regional trade, markets and prices, technological advancements, diversification of diets, 
and climate change as well as more site-specific internal drivers, like governance 
structures and processes, vested interests, cultural and societal beliefs and behaviours” 

                                                             

15 Food and Agriculture Organization of the United Nations. 
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(Climate Energy and Tenure Division and Food and Agriculture Organization of the 
United Nations, 2014). 

Therefore, for the purpose of this work, the fluxes analyzed are Water, Food, and Energy that flow in 
the USES in a multi-dimensional –ecological, economic, social, political-, and multi-scaled –local, 
regional and global-, perspective (Fig.  II.31). 

 
Fig.  II.31. Urban Metabolism. Source. Own source. 

However, as Michael Jackson (2003) argued, the global nature of systems is ruled by chaos and 
unpredictability (Jackson, 2003). In this context, USES are ‘complex evolving and adaptive systems’ 
that can unpredictably change the rules of their development as they evolve over time. In this 
context, solving problems in the UM does not guarantee UR. Central to this research is to consider 
that systems coevolve with their environments, they do not just adapt to their environments, 
resulting in co-response evolution between the system and its environment (Jackson, 2003). 

In this context, resilience strategies are necessary to guarantee the sustainable growth of the Cities 
and the Urban Socio-Ecological Systems, as enhancing urban resilience allows building resilient 
characteristics, such as redundancy, adaptiveness, robustness, diversity, resourcefulness, 
reflectiveness, inclusiveness and integration, by reducing vulnerability to hazards. 
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Fig.  II.32. Resilient Metabolism of an Urban Socio-Ecological System.  
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Therefore, in this work, resilience strategies are proposed in order to achieve sustainable urban 
metabolism. Due to the complexity of any urban socio-ecological system, efforts are concentrated 
on proposing resilience strategies based on the risk assessment. For this reason, hazards to the 
system’s supply inflows –Water, Energy and Food-, and to the system itself, are identified from the 
ecological, social, economic and political dimensions (within a health dimension), as presented in 
Fig.  II.32. 
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Closing Remarks 

In this work, urban metabolism is analyzed in order to propose resilience strategies that 
guarantee the USES resilience. The UM is analyzed through the system’s supply inflows –including 
Water, Energy and Food-, and the system itself. After that, hazards to the system’s supply inflows –
Water, Energy and Food-, and to the system itself, are identified from the ecological, social, economic 
and political dimensions (within a health dimension). Such hazards are later transformed into risks, in 
order to provide an input to the Resilience Assessment. 
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Chapter III  
Methodological Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“If you’re not confused, you’re not paying attention.” 

(Peters, 1988) 
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III. Methodological Framework 

In this section, the methodological framework that drove the research is presented as an 
adaptation of the ‘Resilience Assessment Framework’ proposed by Resilience Alliance (2010) in a first 
sub-chapter –Resilience Assessment Framework. In a second, subchapter - USES Resilience Assessment 
based on Urban Metabolism-, the methodology used in this research is explained through five main 
stages that were developed as a result of several methods and tools related to each respective 
theoretical background. After having introduced the method, the five stages of the methodology are 
explained as steps to achieve the main goal (Fig.  III.1).  

 
Fig.  III.1. Methodological Framework. Source: Own Source. 

In Developing Systems Perspective for Urban Socio-Ecological Systems, it is presented why it is so 
important to keep a systems perspective during this research. After that, in Defining the Urban 
Metabolism for USES, the methods and tools of Black Box Accounting and System Dynamics are 
introduced as a mean to understand the Water, Energy and Food inflows within a household scale.  

In Defining the Hazards to the Metabolic Fluxes, it is explained how hazards were identified for the 
system’s supply and the system itself, based on the study of the Urban Metabolism. Later, in Resilience 
Assessment based on the Risk Assessment, we find the tools used to convert the hazards to risks 
according to the frequency and severity of them. Moreover, the Resilience Framework proposed by 
the Rockefeller Foundation is explained as a main mean to assess the resilient characteristics of the 
USES La Pila, based on the data gathered at a Household scale. 
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After that, in Building Resilience in USES, we explain how the resilient characteristics can be translated 
into strategies. Finally, in Resilience Strategies Implementation, we provide a sixth step that -although 
it was not applied during this research because of the time it takes to assess if resilience strategies 
have been, or not, helpful to the USES-, provides a more complete picture of how the USES Resilience 
Assessment based on Urban Metabolism could be implemented in other researches, in which data from 
different time periods can be obtained. 
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III.1. Resilience Assessment Framework 

It is essential to provide the sustainability of urban ecosystems. Such sustainability is easier 
to account through the identification and implementation of resilience strategies. Then, it is 
necessary to analyze the current state of a system in order to identify such strategies, because a 
sustainable urban management requires understanding the demands a city places on a wider 
geographical area and its ecological resource base (Moore, Kissinger and Rees, 2013). In this context, 
this research has as main aim to propose resilience strategies that enable sustainable urban 
metabolism for the community (urban socio-ecological system) of La Pila in San Luis Potosi 

In order to achieve this, a Resilience Framework was required. However, because of the scale and the 
data that we aimed to obtain during this research, an adaptation of methodologies was necessary. 
Moreover, some frameworks focus on either the resilience assessment or the resilience planning, 
which results in incompatibility when you want to put theory into practice or viceversa. In this first 
subchapter, the Resilience Assessment Framework proposed by the Resilience Alliance (2010), is 
introduced as an assessment and planning methodology for resilience (Resilience Alliance, 2010).  

Resilience Alliance is an international and multidisciplinary organization that does research in the 
dynamics of social-ecological systems by collaborating with other disciplines. Their main aim is to 
improve the understanding and the application of resilience16, adaptive capacity, and transformation 
of societies and ecosystems in order to cope with change and support human well-being, as they 
argued in their website (Resilience Alliance, 2018). 

Moreover, Resilience Alliance argues that their approach involves three complementary strategies, 
which include:  

“1) Contributing toward theoretical advances in the dynamics of complex adaptive 
systems; 2) Rigorous testing of theory through a variety of means -including 
participatory approaches to regional case-studies, adaptive management 
applications, model development, and the use of scenarios and other visioning tools-
; and 3) Developing guidelines and principles that will enable others to assess the 
resilience of coupled human-natural systems and develop policy and management 
tools that support sustainable development” (Resilience Alliance, 2018). 

In the book Assessing Resilience in Social-Ecological Systems: Workbook for Practitioners (Version 2.0)17, 
Resilience Alliance (2010) proposes a ‘Resilience Assessment Framework” based on five main stages 

                                                             

16 Understood as “the magnitude of change or disturbance that a system can experience without 
shifting into an alternate state that has different structural and functional properties and supplies different 
bundles of the ecosystem services that benefit people” (Resilience Alliance, 2010). 

17 The first version of this workbook Assessing and managing resilience in social-ecological systems: A 
Practitioners Workbook, constitutes a first sketch of today’s Resilience Alliance’s methodology (Resilience 
Alliance, 2007). 
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which start with the system’s description, understanding its dynamics, probing its interactions, 
evaluating governance and acting on the assessment (Resilience Alliance, 2010) (Fig.  III.2). 

 
Fig.  III.2. Resilience Assessment Framework proposed by Resilience Alliance. Source: Taken from Assessing Resilience in Social-

Ecological Systems: Workbook for Practitioners (Resilience Alliance, 2010). 

Vital for the understanding of this resilience framework is that the assessment is considered as an 
“iterative and reflexive process at each stage and requires referring back to earlier steps and revising 
as necessary” (Resilience Alliance 2010, p5). In the following part, each one of these steps is stated, 
according to the Assessing Resilience in Social-Ecological Systems: Workbook for Practitioners (Resilience 
Alliance, 2010): 

Step 1: Describing the System 

 Setting soft boundaries: It is necessary to define the spatial and temporal boundaries for the 
socio-ecological system in order to find what might be critical for the system. 

 Identifying the main issues: This requires having a diversity perspective from several 
stakeholders, as main issues can be not that evident. 

 Resilience of What? Key components of the Socio-Ecological System: In this section, the key 
components of the socio-ecological system that are related to the main issue identified in the 
previous step are identified. This understanding involves the inclusion of both social –
including economic, political and cultural dimensions-, as well as ecological factors. 

 Resilience to What? Disturbances, disruptions and uncertainty: Resilience Alliance considers that 
a disturbance is “anything that causes a disruption to a system” (Resilience Alliance 2010, 
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p15). Therefore, disturbances can come from several sources and contexts as argued in the 
theoretical framework. What they consider important here is to characterize disturbances, by 
defining their frequency, duration, severity and predictability.  

 Multiple Space and time scales: This step allows remembering that the SES under study is 
nested in other systems, and that disturbances or dynamics happening in larger scales can 
have an impact on it. 

Step 2: System Dynamics 

 A conceptual model of change – the adaptive cycle: SES can experience gradual or rapid 
changes always, which if missed, can lead to miss opportunities or create new challenges to 
achieve long-term sustainability. In this context the Resilience Alliance, proposes 
understanding the cycles of changes and the vulnerabilities and looking at them as 
opportunities to introduce change in the SES under study. 

 Multiple States: This involves the time scale. In other words, the description of the current 
state, as well as the historical and potential future states. It is central to remember that 
systems can have several ‘stable’ states. In this step, it is also possible to measure the stability 
of a system by measuring certain resource or rate of change.  

 Thresholds and Transitions: At this stage, it is important to understand how the SES can move 
from several states, sometimes learning how to ease transitions to such states. It is important 
to consider that every transition involves crossing tipping points –thresholds-, which 
separate alternative states. 

Step 3: Interactions 

 The Panarchy: According to the Resilience Alliance (2010), panarchy is a term used “to 
describe a model of hierarchically linked systems represented as adaptive cycles that interact 
across scales” (Resilience Alliance 2010, p29). This interlinkage can reveal potential 
vulnerabilities or opportunities in the SES, as “tightly linked smaller-scale systems in similar 
phases of the adaptive cycle may indicate vulnerability at the focal-system level to the rapid 
spread of disturbance across scales, causing a domino-effect collapse” (Resilience Alliance 
2010, p29). 

 Interacting thresholds and cascading change: It is important to consider the cascading change, 
as it allows understanding how the variables might interact. 

 General  and specified resilience: The Resilience Alliance (2010) makes here a difference 
between specified resilience -defined as the resilience ‘of what, to what’-, and general 
resilience –which does not consider any particular disturbance or aspect of the system that 
can be affected- (Resilience Alliance, 2010). 

Step 4: System Governance 

 Adaptive Governance and Institutions: At this stage, it is central to consider formal and informal 
institutions within the SES –including laws, policies, and regulations-. 
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 Social networks among stakeholders: This identification and understanding of social networks 
among stakeholders is vital to ease the cooperation between them. 

Step 5: Acting on the Assessment 

 Synthesizing the assessment findings: In this step, a general conceptual model of the SES is 
built. Such model should include the slow-changing components, as well as the fast-
changing components for both ecological and the social dimension of the SES under study. 

 Resilience-based stewardship: This step raises the questions of ‘which benefits and to whom 
the benefits flow are fundamentally important and demand effective stakeholder 
participation’. 

 Transformation: It is the most important part of this methodology, as it invites to reflect on 
the implications of initiating transformational change and the potential that the process 
might be thriven by other interests. 

As it was appreciated, each stage requires several information input due to the complexity of socio-
ecological systems (Table III.1). 

Resilience Assessment Framework  
Step 1: Describing the 

System 
 

Setting soft boundaries 
Identifying the main issues 
Resilience of What? Key components of the Socio-Ecological System 
Resilience to What? Disturbances, disruptions and uncertainty 
Multiple Space and time scales 

Step 2: System Dynamics 
 

A conceptual model of change – the adaptive cycle 
Multiple States 
Thresholds and Transitions 

Step 3: Interactions 
 

The Panarchy 
Interacting thresholds and cascading change 
General  and specified resilience 

Step 4: System Governance 
 

Adaptive Governance and Institutions 
Social networks among stakeholders 

Step 5: Acting on the 
Assessment 

 

Synthesizing the assessment findings 
Resilience-based stewardship 
Transformation 

Table III.1. Resilience Assessment Framework proposed by Resilience Alliance. Source: Based on ‘Assessing Resilience in Social-
Ecological Systems: Workbook for Practitioners’ (Resilience Alliance, 2010). 

The Resilience Assessment Framework can be summarized into four main questions in order to ease 
its application: 1) Resilience of What? 2) Resilience to What? 3) So What? 4) Now What? However, 
before answering these questions, it is necessary to have a preparation phase in which the systems 
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perspective18 is developed. In addition, after having answered the questions that integrate the 
resilience assessment, an adaptive implementation is needed when resilience planning for the SES is 
required and not only its assessment (Fig.  III.2). 

Resilience Planning Framework 
1. Preparation phase Developing a systems perspective 

Review existing plans 
Review governance 
Scan policy  
Scope Social-ecological systems 
Develop learning approach 

2. Resilience of what? Defining the system 
Scales 
Socio-ecological systems 
Values 
Defining big issues 

3. Resilience to what? Resilience Assessment 
Drivers 
Shocks 
Alternate States, thresholds, feedbacks 
Controlling variables 
General resilience assessment 

4. So what? Assessment implications for maintaining or building resilience of the system 
What kind of change where? 
Exploring options for achieving change 
High-level prioritization 

5. Now what? Strategy development 
Implementation Planning 
‘Stress testing’ 
Prioritization 

6. Adaptive implementation Test assumptions 
Trial innovations 
Implement triple loop learning 

Table III.2. The Resilience Planning framework. According to Sellberg (2018) it is  also called the Clouds heuristic, and was 
developed by Paul Ryan and Michael Mitchell (Resilience Alliance, 2010) into a planning process based on lessons learned from 

the first wave of Resilience Planning (Sellberg et al., 2018). 

It is vital to the understanding of the resilience planning framework to consider that it works as an 
infinite cycle that requires constant reflection on the system, as well as assessment of the resilience, 
while synthetizing and learning from the system’s experiences as the Resilience Alliance specify in 
their first version of the framework (Fig.  III.3): 

                                                             

18 The system is viewed as a whole. It is the perspective of systems thinking, which is a way of thinking, 
that takes into account all of the components, behaviours, interactions (connectedness and relationships), 
contexts in an uncertain and complex environment (Gallopin, 2003). (See Theoretical Framework) 
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°The framework is designed for repeated updates and fine-tuning. As a system evolves or 
new issues emerge, it may be helpful to revisit the assessment at regular intervals. The 
conceptual SES model as developed is a tool for achieving long-term, sustainable 
environmental services” (Resilience Alliance, 2010). 

 
Fig.  III.3. The Clouds Heuristic. Source: Taken from Sellberg’s research article ‘From Resilience Thinking to Resilience Planning: 

Lessons from practice’ (Sellberg et al., 2018), based on the Clouds heuristic from Paul Ryan and Michael Mitchell (Resilience 
Alliance, 2010). 
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III.2. USES Resilience Assessment based on Urban Metabolism 

The main objective of this study was to propose resilience strategies that enable sustainable 
urban metabolism for the community (urban socio-ecological system) of La Pila in San Luis Potosi. In 
order to achieve it, the specific objectives were: 1) To identify the metabolic fluxes in La Pila: Water, 
Energy & Food; 2) To identify hazards to the metabolic fluxes; 3) To analyze how resilient is the urban 
metabolism of La Pila. Therefore, the research questions that drove the research can be observed in 
Table III.3. 

Research Objectives and Questions 
Main Objective Specific Objectives Research Questions 

To propose resilience strategies that 
enable sustainable urban metabolism 

for the community (urban socio-
ecological system) of La Pila in San 

Luis Potosi 

To identify the metabolic fluxes in La 
Pila: Water, Energy & Food 

Which are the current metabolic 
fluxes in the community? 

To identify hazards to the metabolic 
fluxes 

How vulnerable are metabolic fluxes 
to which hazards? 

To analyze how resilient is the urban 
metabolism of La Pila 

How resilient is the urban 
metabolism of La Pila? 

Table III.3. Research Objectives and Questions.  

In order to achieve the main aim of this research, resilience strategies for our USES are proposed, 
based on the resilience assessment of the urban metabolism. Therefore, in order to propose resilience 
strategies -that enable sustainable urban metabolism for the community of ‘La Pila’, in San Luis 
Potosi-, we use an adaptation of the Resilience Assessment Framework proposed by Resilience Alliance 
(2010). Such framework helps to understand integrated socio-ecological systems and their change 
dynamics, through five stages: 1) Describing the System; 2) Understanding the System Dynamics; 3) 
Probing System Interactions; 4) Evaluating Governance; and 5) Acting on the Assessment- as 
described in the previous subchapter (Resilience Alliance, 2010).  

However, as for this research we will be analyzing the urban metabolism, an adaptation of such 
Resilience Assessment Framework and its key questions is proposed –USES Resilience Assessment 
based on Metabolism-. Such adaptation includes six stages. The first step is Developing Systems 
Perspective for Urban Socio-Ecological Systems. Despite the fact that this systems perspective was 
already developed in the theoretical framework, it is considered part of the preparation phase of the 
methodology used for this research. The second step of the methodology used is Defining the Urban 
Metabolism for USES, which tries to answer the question ‘Resilience of what?’ from the Resilience 
Alliance Framework (2010). This includes the achievement of the first specific objective, which 
consists on the identification of the metabolic fluxes in La Pila for Water, Energy and Food, once our 
case of study has been defined.  

After that, in the third step Defining the Hazards to the Metabolic Fluxes, the second specific objective 
–to identify hazards to the metabolic fluxes- is covered by answering the question ‘Resilience to 
what’.  A fourth step is the Resilience Assessment based on the Risk Assessment, which covers the third 
specific objective of the research –to analyze how resilient is the urban metabolism of La Pila-.  
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Resilience Assessment Framework 
USES Resilience Assessment based on 

Metabolism 
Resilience Alliance, 2010 Cisneros, 2018 Aim Covered 

Describing the 
System 

Preparation 
phase 

Developing a systems 
perspective 

Review existing plans 
Review governance 

Scan policy 
Scope Social-ecological 

systems 
Develop learning 

approach 

U
RB

A
N

 M
ET

A
BO

LI
SM

 

Developing 
Systems 

Perspective for 
Urban Socio-

Ecological 
Systems 

*Theoretical 
Framework 

Resilience of 
what? 

Defining the system 
Scales 

Socio-ecological systems 
Values 

Defining big issues 

Defining the 
Urban 

Metabolism for 
USES 

 
*Households scale 

To identify the 
metabolic fluxes in La 
Pila: Water, Energy & 

Food. 

Understanding 
the System 
Dynamics 

Resilience to 
what? 

Resilience Assessment 
Drivers 
Shocks 

Alternate States, 
thresholds, feedbacks 
Controlling variables 

General resilience 
assessment 

U
RB

A
N

 R
ES

IL
IE

N
CE

 

Defining the 
Hazards to the 

Metabolic Fluxes 
 

*Supply and 
System itself 

To identify hazards to 
the metabolic fluxes. 

 

Probing 
System 

Interactions 
So what? 

Assessment implications 
for maintaining or 

building resilience of the 
system 

What kind of change 
where? 

Exploring options for 
achieving change 

High-level prioritization 

Resilience 
Assessment based 

on the Risk 
Assessment 
(Hazards and 

Exposure) 
 

To analyze how 
resilient is the urban 

metabolism in La Pila. 
 

Evaluating 
Governance 

Now what? 

Strategy development 
Implementation 

Planning 
‘Stress testing’ 
Prioritization 

RE
SI

LI
EN

CE
 S

TR
A

TE
G

IE
S 

Building 
Resilience in USES 

Resilience 
Strategies 

Development 

To propose resilience 
strategies that enable 

sustainable urban 
metabolism for the 

community of La Pila 
in San Luis Potosi 

Acting on the 
Assessment 

Adaptive 
implementation 

Test assumptions 
Trial innovations 

Implement triple loop 
learning 

Resilience 
Strategies 

implementation 

*Implementation of 
the resilience 

strategies 

*This work does not cover the implementation and assessment of resilience strategies. However, there are some 
strategies that have already being implemented in La Pila. 

Table III.4. Resilience Framework. Source: Based on (Resilience Alliance, 2010; Sellberg et al., 2018). 
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The firth step answer the question ‘Now what’ from the Resilience Alliance’s framework, while 
covering the general aim of this research which is the proposal of resilience strategies that enable 
the sustainable urban metabolism of the USES. Finally, a sixth step is proposed –Resilience Strategies 
Implementation-, as possible further step of this methodology as a reminder that the assessment of 
implemented strategies must be a continuous learning process (Table III.4). 

III.2.1. Developing Systems Perspective for Urban Socio-Ecological Systems 

 This first step considers the preparation phase previous the field work. On the one hand, it 
includes the development of the systems perspective through the theoretical framework and on the 
other, the databases and literature review about the case of study. Both parts are considered as part 
of the methodology not only to provide uniformity with the Resilience Alliance’s framework, but also 
in order to propose this methodological framework as a complete methodology that can be applied 
to assess and build urban metabolism through the implementation of resilience strategies. 

Therefore, developing the systems perspective is important because it allows to see the USES under 
study as a sub-system composed by other sub-systems, while nested and interconnected to bigger 
or equal systems. Moreover, the systems perspective is necessary when analyzing complex systems 
as they are also inside different dimensions –which in this case are the ecological, the social, the 
economical, the political, and health- in a multi-scalar environment with several interconnections and 
therefore, several dynamics. 

In order to characterize the USES under study, the territorial boundaries were defined as spatial 
boundaries and the time boundaries were the years 2017-2018. After defining the USES, the main 
interconnections with bigger systems were established and a databases review INEGI19 and 
government institutions provided insights on the Water, Energy and Food dynamics between the 
USES and the system in which it is nested (See Chapter IV ‘Case of Study: La Pila as an USES’). 

III.2.2. Defining the Urban Metabolism for USES 

 Once the preparation phase was achieved, the next step was defining the urban metabolism 
for the USES under study. 

Specific Objective 1 
To identify the metabolic fluxes in La Pila: Water, Energy & Food. 

Table III.5. Specific Objective 1.  

This second stage had as aim to identify the metabolic fluxes in La Pila -Water, Energy and Food-. 
However, because of the scarce time to realize the analysis, the fluxes were analyzed at a household 
scale. Moreover, only inflows were measured because of the lack of data and time during the analysis 
and interpretation phases. From the perspective of metabolism, fluxes are generally analyzed in order 

                                                             

19 INEGI: Instituto Nacional de Estadística y Geografía. 
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to identify how each component of the system relates to another and how they influence a specific 
behavior (Martínez-Alier, 2006). In this case, it is observable that rural communities tend to generate 
urban development patterns, because of their proximity to the urban area. Therefore, it is central to 
suggest resilience strategies in order to ensure a sustainable development of today’s suburban areas, 
which are becoming part of a city. 

The study of Metabolism is necessary, as social, economic and political fluxes mostly determine rural-
urban development, as both, rural communities and urban communities interact in an opened 
system all the time (Víctor M Toledo, 2008).  

In this context, urban metabolism tools are considered as means that will allow us to understand the 
flux that occurs between the community of ‘La Pila’ and the industrial corridor and that drives the 
current urban development. Because for the nature of this study, and considering the different UM  
accounting approaches, this study follows a territorial-spatial bottom-up approach according to the 
GI-REC (Global Initiative for Resource Efficient Cities, 2018). 

According to Benavides (2011), UM offers a wide rang of methods and tools that constitute the 
methodology to measure the metabolism of a USES, which can be classified in three categories: 1) 
Measuring Tools, which aim is “to quantify amount of material and/or energy that flows into, through 
and out of the system”; 2) System Description/Analysis Tools, which aim is “to understand the 
structure of the system itself”; and 3) Environmental Impact Assessment Tools, which aim “to look at 
specific flows or aspects that are deemed key, because of theire great volume, their high impacting 
potential or other” (Benavides Mondragón, 2017) (Fig.  III.4).  

As we are assessing the resilience of the metabolism, rather than the metabolism itself, we discard 
the methods and tools from the Environmental Impact Assessment Tools for this specific aim. 
Geographical Information Systems (GIS) methods are also discarded because even if they are starting 
to be used in urban studies with increasing success, it is not possible to get the satellite images 
needed to conduct an analysis . However, to conduct for this research a combination of tools is 
proposed: The “Black Box Accounting (BBA)” from the Measuring Tools Box and “System Dynamics” 
from the System Description/Analysis Box. The reason is that we need to quantify the materials and 
energy flowing in our USES, which because of the data availability can be better achieved  through 
the BBA. However, as this tool limits the understanding of the interactions within the USES, the 
second tool –System Dynamics-, will increase the comprehension and description of the whole 
system, when assessing and building resilience.  
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Fig.  III.4. Tools and Methods to measure Urban Metabolism. Source: Benavides’ classification of Urban Metabolism Tools 

(Benavides Mondragón, 2017). 

III.2.2.1. The ‘Black Box’ Accounting 

 The ‘Black Box’ accounting is a method that allows the quantification of materials getting into 
and out of the system. In order to measure the inputs and outputs, this method uses accounting 
schemes, which consider the system they are analyzing as a black box. This means that stocks inside 
the system can be inferred, if the inputs and outputs are known (Benavides Mondragón, 2017). 

It is one of the first methods used by 20th century urban metabolists, such as T. Weyl (1894), P Geddes 
(1920) and Abel Wolman (1965) (Grove, 2009; Benavides Mondragón, 2017). 

According to The OECD Guide (2008) –Measuring Material Flows and Resource Productivity-, the term 
‘black box’ is used in material flow accounting, in order “to characterize the system under scrutiny 
when the purpose is to record flows that cross the system boundary and not flows that are internal 
to the system” (OECD 2008, p43). 
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The main disadvantage of this method is that it does not allow to zoom in the distribution of flows, 
drivers, equity in access to resources or spatial issues (Pickett, Cadenasso and Grove, 2011). In 
addition, it is important to this work to assume that the ‘black box’ is contrary to the complexity 
analysis proposed by the resilience theory, as it breaks systems down into their parts, instead of trying 
to control and monitor their outputs, and manipulate their inputs properly (Jackson, 2003). 

However, it is useful when doing first approximations of the metabolic behavior of a system, allowing  
to get gross numbers and a better understanding of it (Benavides Mondragón, 2017). In this context, 
and because of the complexity of our USES, in this research we measure only Water, Energy and Food 
flowing in households. In order to achieve this, forty inhabitants were interviewed within the time 
frame of two months. In the following part, the tool is explained. 

III.2.2.1.1. Metabolism Tool: Interview 

According to the pragmatic approach to assess urban metabolism in Europe, proposed by 
Minx et al. (2010), populations and households are a thematic area that works as an indicator on 
urban flows, as it “captures the developments in population and household size, population 
dynamics and household structure, which are important determinants of a city’s metabolism” (Minx 
et al. 2010, p25). 

In this work, the interview to households was used, as a mean to understand the metabolism within 
an Urban-Socio Ecological System. The Interview was composed by 68 questions, divided into A-N 
categories as follows: 

 A: Household Characteristics 

 B: Economy 

 C: Health 

 D: Work and Life 

 E: Social Interlinkages 

 F: Politics and Governance 

 G: Environment 

 H: Emotion 

 I: Water Consumption 

 J: Electricity Consumption 

 K: Gas Consumption 

 L: Food Consumption 

 M: Waste Disposal 

 N: Transport 
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The complete questionnaire can be found in the Appendix B (Fig.  B.1, Fig.  B.2, Fig.  B.3, Fig.  B.4, 
Fig.  B. 5, and Fig.  B.6), and in the Table III.6, main questions regarding the Water, Energy and Food 
fluxes are presented. 

Table III.6. Interview Questions.  

In order to understand the urban metabolism in the community of La Pila -considered as our USES of 
study-, a total of 40 households were interviewed. Once data were gathered, they were organized in 
Excell. Because of the complexity of the USES dynamics, the data gathered are presented and 
analyzed at three scales, in order to provide a better context of how resources are consumed: 1) 
Households Total Consumption; 2) Household A-B-C Types Consumption; and 3) A Household 
Analysis. 

Interview Questions 

Water Energy Food 
Do you have regular access to water? 
What do you when you do not have 
water? 

How many lights do you have? Where do you buy your food? 
Market, store or supermarket? 

Where does drinking water come 
from? Bottled water / Tap water?  How 
many carboys (19 l.) do you consume 
per week? 

How many hours per day do you use 
lights? 

Which are the fruits that you 
consume the most? 

How many water litters do you 
consume within a month?  

Do you consider that the electrical 
energy is expensive? 
 

Which are the vegetables that you 
consume the most? 
 

How much money do you spend for 
water within a month?  Do you 
consider that water is expensive? 
 

What do you have: Stationary tank, 
natural gas or gas tanks? 
 

How many times per week do you 
consume meat? Which portion? 
 

Where do you wash the dishes? How do you heat water needed to take 
a shower? 
 

How many times per day do you eat? 
What do you eat? 
 

How many times per day do you brush 
your teeth? Where does water that you 
use comes from? 
Bottled water/ Tap water? 
How many times per week do you take 
a shower? 

How many of these do you have? 
Computers? 
Fridges? 
TV’s? 
Radios? 
Microwaves? 
Washing machines? 

Where do you throw trash? Do you 
have special containers within your 
colony or does your community have 
a trash collection system? 
 

Do you recycle water? Which system 
do you use? How often? 

Do you use gas to cook? 
 

Do you recycle? 
Do you separate trash? How? 

Do you collect water from rain? Which 
system do you use? How often? 

How often do you buy gas? How much 
does it cost? 
 

How many times per week does the 
trash collection system collect your 
trash? 

Have you ever had problems with the 
drainage? Does your home get 
flooded when it rains? 

Do you consider that the gas is 
expensive? 

Do you have organic waste? What do 
you do with it? 
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Resource’s Inflows 

Inflow Water Energy 
(Electricity, gas and fuel) 

Food 

Units Liters kWh for electricity, Kg. for 
Gas, and L. for fuel 

% from the income spent in 
food, MXN 

Households Total 
Consumption 

Per Household Per capita Per Household Per capita Per 
Household 

Per capita 

Household A-B-C 
Types 

Consumption 

Per Household Per capita Per Household Per capita Per 
Household 

Per capita 

A Household 
Analysis 

Resource consumption 
including other supply’s 

sources. 

Resource consumption 
including other supply’s 

sources. 

Resource consumption 
including other supply’s 

sources. 

Table III.7. Resource’s Inflows.  

Water inflow was first analyzed by quantifying tap water consumption. After that, energy inflow will 
be equally presented and analyzed, considering energy that comes from electricity, and fossil fuels –
gas and fuel-. Finally, food inflow is described and analyzed based on the money spent to cover it and 
the percentage that it represents from the household income. For each one of the fluxes, the three 
scales -Households Total Consumption, Household A-B-C Types Consumption and A Household 
Analysis-, are used as explained in the Table III.7. 

Water  

In order to calculate the liters of water flowing in the household, only tap water was considered for 
Households Total Consumption and Household A-B-C Types Consumption. Spent water liters were 
calculated using the Interapas fees tables20, without discounting the taxes paid for the service, nor 
the drainage fees. The reason for not splitting these concepts was that data obtained during the 
interview asked about the monthly expenditure in water resources, which was changing according 
to the water source. Therefore, the data were standardized by not taking out the extra fees, which 
can only be paid through Interapas. Moreover, corrections for the average and median results were 
corrected using the Monte Carlo Simulation21, through the software Crystall Ball. After that, in A 
Household Analysis, the water coming from other sources is presented through a household example.   

Energy 

In order to calculate the energy flowing into the household, electrical energy, gas and fossil fuels 
were considered as main sources. In this part, Households Total Consumption are first presented for 
every energy source. Later, in Household A-B-C Types Consumption, the schema proposed is 
followed, measuring the energy inflowing first, per household and then per capita. Finally, in a 
Household Analysis, energy coming from other sources is presented through a household example.  

                                                             

20 See Table IV.3. Water Supply Fees in San Luis Potosí. Source: Translated from decree 0540 (Secretaría 
General de Gobierno, 2016).  

21 See III.2.2.1.1.1. Monte Carlo Simulation. 
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For the calculation of electricity, taxes were taken apart from the calculations, as everybody receives 
the electrical service from the same company. In the gas and fuel consumption could not be done. 
After having calculated the average and the median values of households energy consumption, the 
results were corrected using the Monte Carlo Simulation22. 

Food 

The food flux was complex to analyze, as it is really hard to understand the nutritional habits that a 
person has in a 45-minute interview that includes other topics. However, it was easier to understand 
the important role that food plays in the households income expenditure. Therefore, data for food 
are available with a monetary value in MXN. 

III.2.2.1.1.1. Monte Carlo Simulation 

 The Monte Carlo Simulation relies on repeated random sampling in order to obtain numerical 
results. It uses randomness of one value to calculate mathematical expressions -that are hard and 
expensive- in scarce data environments through models that calculate the vale in hundreds or 
thousands repetitions. In this research, it was used to provide the reader a simulation of the whole 
USES households’ behavior, as it is acknowledge that the forty interviews are not a representative 
sample to measure resources consumption, but to understand the resilience through the urban 
metabolic dynamics. The number of repetitions used in this research was 10,000. 

III.2.2.1.2. Participatory Mapping 

 Participatory mapping  allowed collecting data related to hazards that occur inside the 
community. On this stage, a participatory mapping approach was used, as there is evidence that 
spatial social data collected through this method are helpful when analyzing, planning and 
managing land-use related issues (Karimi & Brown, 2017). In addition, local perceptions, which are 
represented on maps, are easier to understand for external decision-makers (Ramirez-Gomez et al., 
2014). The main idea was to incorporate stakeholders in a participatory mapping in order to obtain 
and/or complete information for the four specific aims, while they also get information about how 
their community works.  

However, this tool was used assuming that the participatory mapping has limitations (Rye & 
Kurniawan, 2017). For example, participatory mapping help to understand a reality through the 
locals’ perceptions (Teixeira & Gardner, 2017), but some parts of the reality might still be unknown 
for some of them. 

The question used for the participatory mapping can be seen in Table III.8 and the map used can be 
found in the Appendix B: Fig.  B. 7. 

                                                             

22 See III.2.2.1.1.1. Monte Carlo Simulation. 
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Questions of the Participatory Mapping 
Where do you buy your food? 

Which are the areas that you consider insecure or unsafe?  

Where do you buy gas? Fossil fuels? 

Do you know which streets get flooded when it rains? 

Table III.8. Questions of the Participatory Mapping.  

III.2.2.2. System Dynamics 

SD is computer-based method, introduced by the MIT engineer Jay Forrester. In his book, 
‘Urban Dynamics’, he linked System Dynamics (SD) to urban systems analysis (Benavides Mondragón, 
2017). According to Bevacqua et al. (2018), SD is “a mathematical modeling method used to 
understand and manage economic, natural, and physical systems using stocks, flows and internal 
feedback loops” (Bevacqua, Yu and Zhang, 2018). Although in this research there is no mathematical 
analysis of the USES, it is important to observe certain resilience dynamics when system’s supply is 
disturbed. Such information will be then, better described and interpreted in the fourth step, when 
risk and resilience are analyzed based on the metabolic results. However, as system dynamics are part 
of the tools and methods to measure UM, it seemed preferable to explain their role as a tool to 
increase understanding of the system during the interviews. The methodology used for this research 
does not apply the system dynamics to measure the urban metabolism, but rather to describe the 
system components, behavior drivers and feedbacks to find resource efficient strategies. 

III.2.3. Defining the Hazards to the Metabolic Fluxes 

In this part, the hazards were defined to the metabolic fluxes, regarding the system’s supply 
and the system itself in order to achieve the second specific objective. This methodology does not 
consider the measurement of outflows, but it could be included if necessary in future researches.  

Specific Objective 2 
To identify hazards to the metabolic fluxes. 

Table III.9. Specific Objective 2.  

Data about threats and hazards were obtained through the interviews and the participatory 
mapping. Moreover, some households were able to provide a copy of their electrical energy and 
water payment receipts. On the one hand, the interviews allowed to increase comprehension on 
which hazards affect the system’s supply and the system itself. On the other, the receipts and the 
participatory mapping provided specific information for the household cases. 
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Hazards identified were categorized in two tables, one for the hazards to the system’s supply and the 
second one for the hazards to the system. Each one of these tables includes the hazards to Water, 
Energy and Food –as inflows or part of the USES-, identified by the dimension related to them 
(including ecological, social, economic, political). In addition, for the table of hazards to the system, a 
health dimension was added in order to cover the qualitative hazards that have an impact on the 
system related to health. The example of the second table can be appreciated in the Table III.10. 

Hazards Categorization 

Dimension Water Energy Food 
Ecological Ecological hazards to the water 

supply and the system itself. 
Ecological hazards to the energy 
supply and the system itself. 

Ecological hazards to the food 
supply and the system itself. 

Social Social hazards to the water 
supply and the system itself. 

Social hazards to the energy 
supply and the system itself. 

Social hazards to the food 
supply and the system itself. 

Economic Economic hazards to the water 
supply and the system itself. 

Economic hazards to the energy 
supply and the system itself. 

Economic hazards to the food 
supply and the system itself. 

Political Political hazards to the water 
supply and the system itself. 

Political hazards to the energy 
supply and the system itself. 

Political hazards to the food 
supply and the system itself. 

Health Health hazards to the system 
itself. 

Health hazards to the system 
itself. 

Health hazards to the system 
itself. 

Table III.10. Hazards categorization. 

It is central for the Chapter VI, to consider that the hazards categorization is art of the Resilience 
Assessment based on the Risk Assessment, but in order to provide uniformity with the aims, it is 
considered as an important step to assess resilience. 

III.2.4. Resilience Assessment based on the Risk Assessment  

In order to analyze how resilient is the urban metabolism in the USES, this step is divided into 
two sections. In the first one, we have the risk definition, while in the second we have the resilience 
assessment.  

Specific Objective 3 
To analyze how resilient is the urban metabolism of La Pila. 

Table III.11. Specific Objective 3.  

III.2.4.1. Defining the Risk 

 Identifying hazards that have an impact on USES is the first step to define the risk. But then, 
how can we categorize or prioritize risks? In this study, risk is classified using the Mexican NOM-031-
STPS-2011, which allows assigning a frequency and a severity category in order to get a risk hierarchy 
–exposure- (Secretaría del Trabajo y Previsión Social, 2011). Such norm is usually used to categorize 
hazards in industrial zones as a mean to implement corrective strategies that attenuate the exposure 
to events. Then, the risk can be categorized according to the risk hierarchy. In order to categorize risk, 
a frequency (See Table III.12) and a severity (Table III.13) is given for every hazard. After that, using 
the Table III.14, hazards are hierarchized and described using Table III.15. 
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Hazards Frequency 

Frequency 
Definition 

Category Nomenclature 

A Remote It can exceptionally occur 

B Isolated It can hardly occur 

C Occasional It happens a few times 

D Recurrent It happens frequently 

E Frequent It happens regularly 

Table III.12. Hazards Frequency. Source: (Secretaría del Trabajo y Previsión Social, 2011). 

Hazards Severity 
Hazards severity 

Definition 
Category Nomenclature 

I Minor Without harm or temporal harm 

II Moderate Harms that last more than 3 days 

III Damage Permanent incapacity 

IV Fatal Death 

Table III.13. Hazards Severity. Source: (Secretaría del Trabajo y Previsión Social, 2011). 

Risk Hierarchy 

Hazards 

Severity  

I II III IV 

Minor Moderate Damage Fatal 

Frequency 

E Frequent Medium High Severe Severe 

D Recurrent Low Medium High Severe 

C Occasional Minimum Low Medium High 

B Isolated Minimum Minimum Low Medium 

A Remote Minimum Minimum Minimum Low 

Table III.14. Risk Hierarchy. Source: (Secretaría del Trabajo y Previsión Social, 2011). 

Risk Description 

Risk Description 
Low Acceptable risk, no action required. The occurrence is slightly probable. 

Medium 
It is necessary to take action to reduce 
risk. 

The occurrence is probable. 

High 
It is urgent to take measures to reduce 
risk. 

The occurrence is very probable. 

Table III.15. Risk Description. Source: (Secretaría del Trabajo y Previsión Social, 2011). 

It is important to consider that independent hazards and independent risks are being assessed 
without considering the potential risk of two combined hazards or multi-scalar dynamics. USES are 
complex systems within systems that are more complex, which makes difficult to measure and 
imagine all possibilities. However, having understood the current risks, resilience can be assessed 
qualitatively. 
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III.2.4.2. Resilience Assessment 

 The resilience assessment was done using the resilient characteristics of the practical 
approach used by the Rockefeller Foundation in their program 100 Resilient Cities, which is called 
The Resilience Index. The Resilience Index, is composed of 4 categories with three goals each, fifty-two 
indicators and 156 variables, based on the uniqueness of cities (ARUP, 2015).  In the following table, 
the dimensions and drivers that might be necessary to identify, according to this methodology can 
be seen (Table III.16). 

The Resilience Index: Dimensions and Drivers 
Dimension Driver 

Health & 
Wellbeing 

1 
Meets Basic Needs: Provision of essential resources requires to meet a person’s basic 
psychological needs. 

2 
Supports Livelihoods and Employment: Livelihood opportunities & support that enable people 
to secure their basic needs. Opportunities might include jobs, kills training, or responsible grants 
& loans. 

3 
Ensures Public Health Services: Integrated health facilities & services, & responsive emergency 
services. Includes physical & mental health, health monitoring & awareness of healthy living & 
sanitation. 

Economy & 
Society 

4 
Promotes Cohesive and Engaged Communities: Community engagement, social networks & 
integration. These reinforce collective ability to improve the community & require processes that 
encourage civic engagement in planning & decision-making. 

5 
Ensures Social Stability, Security and Justice: Law enforcement, crime prevention, justice, & 
emergency management. 

6 

Fosters Economic Prosperity: While Driver 2 is about individual livelihoods, Driver 6 is about the 
economy on a wider scale. Important economic factors include contingency planning, sound 
management of city finances, the ability to attract business investment, a diverse economic 
profile & wider linkages 

Infrastructure 
& 

Environment 

7 
Enhances and Provides Protective Natural & Man-Made Assets: Environmental stewardship, 
appropriate infrastructure, effective land use planning & enforcing regulations. Conservation of 
environmental assets preserves the natural protection afforded to cities by ecosystems. 

8 
Ensures Continuity of Critical Services: Diversity of provision, redundancy, active management & 
maintenance of ecosystems & infrastructure, & contingency planning 

9 
Provides Reliable Communication and Mobility: Diverse & affordable multimodal transport 
networks & systems, ICT & contingency planning. Transport includes the network (roads, rail, 
signs, signals etc.), public transport options & logistics (ports, airports, freight lines etc.) 

Leadership & 
Strategy 

10 
Promotes Leadership and Effective Management: Relating to government, business & civil 
society. This is recognisable in trusted individuals, multistakeholder consultation, & evidence-
based decision-making. 

11 

Empowers a Broad Range of Stakeholders: Education for all, access to up-todate information, & 
knowledge to enable people & organizations to take appropriate action. Along with education & 
awareness communication is needed to ensure that knowledge is transferred between 
stakeholders & between cities 

12 
Fosters Long-Term and Integrated Planning: Holistic vision, informed by data. Strategies/plans 
should be integrated across sectors & land-use plans should consider & include different 
departments, users & uses. Building codes should create safety & remove negative impacts. 

Table III.16. The Resilience Index: Dimensions and Drivers. Source: (The Rockefeller Foundation and ARUP, 2015b). 
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In this context the Rockefeller Foundation considers that resilience can be achieved by: 1) reducing 
human vulnerability, 2) providing diverse livelihoods and employment, 3) providing effective 
safeguards to human health and life, 4) developing collective identity and community, 5) including 
comprehensive security and rule of law, 6) providing a sustainable economy, 7) reducing exposure 
and fragility, 8) providing effective services, 9) ensuring reliable communications and mobility, 10) 
encouraging effective leadership and management, 11) empowering stakeholders, and 12 
integrating development planning; can a city truly become resilient (The Rockefeller Foundation, 
2017) (Fig.  III.5).  

 
Fig.  III.5. The Resilience Index: Aims. Source: 100 Resilient Cities (The Rockefeller Foundation, 2017). 

In this context, the Resilience Index proposes indicators for each one of the aims (Appendix B Table 
B.1. The Resilience Index: Indicators. Source: Taken from the City Resilience Index (The Rockefeller 
Foundation and ARUP, 2015b).  

Embedded in this index, we find seven qualities that are desirable in a resilient system –Reflectiveness, 
Robustness, Redundancy, Flexibility, Resourcefulness, Inclusiveness, and Integration- (The Rockefeller 
Foundation and ARUP, 2015b) (Fig.  III.6). For the purposes of this research, such qualities will be 
analyzed based on the results obtained through the risk assessment, in order to identify how 
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sustainable is the urban metabolism of our USES and be better prepared to recommend resilience 
strategies. 

 
Fig.  III.6. The Resilience Index: Resilient Qualities of a System. Source: Taken from The Resilience Index (The Rockefeller 

Foundation and ARUP, 2015b). 

III.2.4.2.1. Qualities of Resilient Systems 

 In the Table III.17. Qualities of Resilient Systems. Source: Taken from the  (The Rockefeller 
Foundation, 2018).Table III.17, the seven qualities of resilient systems –Reflectiveness, Robustness, 
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Redundancy, Flexibility, Resourcefulness, Inclusiveness, and Integration- are explained according to the 
Rockefeller Foundation & ARUP’s Resilience Index. 

Qualities of Resilient Systems 

1 Reflectiveness Reflective systems refer to the acceptance of the inherent and ever-increasing uncertainty and 
change in today’s world. This means, that systems have mechanisms to evolve, changing and 
modifying standards or norms based on emerging evidence, rather than seeking permanent 
solutions based on the status quo.  

Most systems learn from experiences and are able to take better decisions in the future. 

2 Robust 

 

Robust systems include well-conceived, constructed and managed physical assets, so that they 
can withstand the impacts of hazard events without significant damage or loss of function.  

Robust design anticipates potential failures in systems, making provision to ensure failure is 
predictable, safe, and not disproportionate to the cause.  

Over-reliance on a single asset, cascading failure and design thresholds that might lead to 
catastrophic collapse if exceeded are actively avoided. 

3 Redundant 

 

Redundancy refers to spare capacity purposely created within systems so that they can 
accommodate disruption, extreme pressures or surges in demand. It includes diversity: the 
presence of multiple ways to achieve a given need or fulfil a particular function.  

Examples include distributed infrastructure networks and resource reserves.  

Redundancies should be intentional, cost-effective and prioritized at a city-wide scale, and 
should not be an externality of inefficient design. 

4 Flexible 

 

Flexibility implies that systems can change, evolve and adapt in response to changing 
circumstances. It may favour decentralized and modular approaches to infrastructure or 
ecosystem management. Flexibility can be achieved through the introduction of new 
knowledge and technologies, as needed. It also means considering and incorporating 
indigenous or traditional knowledge and practices in new ways. 

5 Resourceful 

 

Resourcefulness implies that people and institutions are able to rapidly find different ways to 
achieve their goals or meet their needs during a shock or when under stress.  

This may include investing in capacity to anticipate future conditions, set priorities, and respond, 
for example, by mobilizing and coordinating wider human, financial and physical resources. 
Resourcefulness is instrumental to a city’s ability to restore functionality of critical systems, 
potentially under severely constrained conditions. 

6 Inclusive 

 

Inclusion emphasizes the need for broad consultation and engagement of communities, 
including the most vulnerable groups.  

Addressing the shocks or stresses faced by one sector, location, or community in isolation of 
others is an anathema to the notion of resilience.  

An inclusive approach contributes to a sense of shared ownership or a joint vision to build city 
resilience. 

7 Integrated 

 

Integration and alignment between city systems promotes consistency in decision-making and 
ensures that all investments are mutually supportive to a common outcome.  

Integration is evident within and between resilient systems, and across different scales of their 
operation.  

Exchange of information between systems enables them to function collectively and respond 
rapidly through shorter feedback loops throughout the city. 

Table III.17. Qualities of Resilient Systems. Source: Taken from the  (The Rockefeller Foundation, 2018). 
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The Resilience Index is an approach that, despite the fact it assess resilience23, uses a HST approach. 
That is the reason why, for the purposes of this research we will include characteristics that were 
mentioned in Boyd & Juhola’s Principles of Adaptive Governance (2015) and in Jabareen’s Resilience 
Framework (2013). Learning capacity and understanding of the dynamics, as well as multi-level networks 
are principles of adaptive governance that must be present in the ‘reflectiveness’ quality. Moreover, 
both authors, Jabareen (2013) and Boyd & Juhola (2015) incorporate dealing with uncertainty as a 
characteristic that any resilient system must have. That’s the reason why it is located in the ‘flexibility’ 
quality. Finally, knowledge capacity about the system and co-management (urban governance) are 
integrated in the ‘resourceful’ quality of a resilient system in order to provide a bigger framework of 
actions that can be taken in order to develop the quality in our USES (Jabareen, 2013; Boyd and 
Juhola, 2015) (Table III.18). 

USES Resilience Assessment based on Urban Metabolism 

Qualities of Resilient Systems 

The Resilience Index Principles of Adaptive Governance Resilience Framework 

(The Rockefeller Foundation, 2018) (Boyd and Juhola, 2015) (Jabareen, 2013) 

Reflectiveness 
Learning Capacity and understanding of 

the dynamics 

Multi-level networks 
 

Robust   

Redundant   

Flexible Ability to plan and respond to global 
uncertainty 

Uncertainity 

Resourceful Knowledge Capacity 

Co-Management mechanisms 
Urban governance 

Inclusive   

Integrated   

Table III.18. USES Resilience Assessment based on Urban Metabolism: Qualities of Resilient Systems. Source: Based on The 
Resilience Index (The Rockefeller Foundation, 2018), the Principles of Adaptive Governance (Boyd and Juhola, 2015), and 

Resilience Framework (Jabareen, 2013). 

III.2.5. Building Resilience in USES 

 In order to build sustainable urban metabolism in the USES under study, resilience strategies 
need to be proposed based on the resilience assessment. 

General Objective 
To propose resilience strategies that enable sustainable urban metabolism for the community 
(urban socio-ecological system) of La Pila in San Luis Potosi. 

Table III.19. General Objective.  

                                                             

23 The Resilience debate is part of the Complex Adaptive Systems debate. 
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In this research, the resilience strategies are proposed in the conclusions chapter based on the 
resilience assessment of the urban metabolism of the USES as recommendations.  

 

III.2.6. Resilience Strategies Implementation 

 If implementation takes place at any period of time, it is important to consider the constant 
assessment of the strategies, as the dynamics of any system can change slowly or fast. This means 
that the information gathered at any USES assessment must be consulted constantly as part of the 
process for building knowledge and increase the understanding of the interactions, dynamics and 
thresholds of concern (Resilience Alliance, 2010) (Fig.  III.3).  

 

 

 

 

Closing Remarks 

In this chapter, the Resilience Assessment Framework proposed by Resilience Alliance was 
reviewed and adapted in order to make it suitable for the research purposes. As a result, the USES 
Resilience Assessment based on Urban Metabolism, was created. 

The methodology used for this work includes six steps: 

1. Developing Systems Perspective for Urban Socio-Ecological Systems. It is considered part of the 
preparation phase of the methodology used for this research.  

2. Defining the Urban Metabolism for USES. It answers the question ‘Resilience of what?’ from the 
Resilience Alliance Framework and first specific objective of this research: To identify the 
metabolic fluxes in La Pila: Water, Energy & Food. 

3. Defining the Hazards to the Metabolic Fluxes. It was designed for the second specific objective 
–to identify hazards to the metabolic fluxes- by answering the question ‘Resilience to what’.   

4. Resilience Assessment based on the Risk Assessment. It covers the third specific objective of the 
research which is to analyze how resilient is the urban metabolism of La Pila. 

5. Building Resilience in USES. It answers the question ‘Now what?’ from the Resilience Alliance’s 
framework, and covers the general aim of this research which is to propose resilience 
strategies that enable the sustainable urban metabolism of the USES. 

6. Resilience Strategies Implementation. This is an extra step that considers the assessment of 
implemented resilience strategies as part of a continuous learning process that enhances a 
better understanding of the USES, its dynamics, thresholds and interactions.  
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Chapter IV 
Case of Study: La Pila as an USES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“We can't impose our will on a system. We can listen to what the system tells us, and 
discover how its properties and our values can work together to bring forth something 
much better than could ever be produced by our will alone.” 

 

(Meadows, 2008) 
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IV. Case of Study: La Pila as an USES 

Purposeful systems have ‘boundaries’, which are seen depending on the ‘world view’ 
(Weltanschauung) of the person observing the systems (Jackson, 2003). Despite the fact that socio-
ecological systems are open system, it is necessary to establish some boundaries for any Urban Socio-
Ecological System (USES) analyzed in order to improve the understanding of it. 

In this chapter, La Pila is presented as the USES under study. In order to answer the research questions 
the resilience of the metabolic fluxes which develop within a periurban community are analyzed. In 
this context, it is important to define what a periurban socio-ecological system is by conceptualizing 
periurban. Therefore, in the first part of this chapter we define what peri-urban is. 

After that, in San Luis Potosi and La Pila: An interlinkage between urban and peri-urban, a first 
explanation of the context in which La Pila interacts with the closest metropolitan area –Metropolitan 
Zone of San Luis Potosi (MZSLP)24 -, as a part of a bigger system is given. This second part provides 
insights on the three metabolic fluxes under study -Water, Energy and Food-, and their current status 
within the community. 

Finally, in Demographics from La Pila: Poverty, Social Backwardness and Margination, the main socio-
economical characteristics –as well as main infrastructure accessibility characteristics- of La Pila are 
presented to provide a general context before presenting the research findings. 

 
Fig.  IV.1. Case of Study: La Pila as an USES.  

                                                             

24 Self-translation of “Zona Metropolitana de San Luis Potosi (ZMSLP)”.   
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IV.1. Defining Peri-urban 

As cities attract and retain populations, it is central to understand how rural and urban 
systems are related in order to provide sustainable urban development. Moreover, learning about 
such relationship can help to understand how cities evolve and develop all over the time.  

In Mexico, a locality is considered as an ‘urban area’ when it has 2,500 or more inhabitants (United 
Nations, 2005). 

In between rural and urban environments, lie many types of settlements from “small towns to small 
cities and peri-urban areas to large cities” (World Bank & International Monetary Fund, 2013 p10). 

Simelane (2012) argued that “urban systems need to be treated as open, which allows them to 
regulate themselves through economic success and failures of people who aspire to live in urban 
areas by choosing to settle in the cities” (Simelane, 2012). In this context, when considering the rural-
urban relationship as an open and unregulated process, cities are sinks for rural population because 
of the intense migration of rural people to urban systems, especially in developing countries 
(Simelane, 2012).  

Further, the two main processes that define the relationship that exist between rural and urban areas 
are urbanization and industrialization (Lucas, 2006; Simelane, 2012).  

According to Sukamdi (2005), the development of rural-urban linkages is divided into four phases. 
Firstly, there is and evident division between rural and urban areas, with a very limited transfer of 
people, goods, and services from both sides. In addition, there is a wide gap in life quality and the 
mode of transportation between both areas is very limited. Secondly, a closer relationship between 
rural and urban areas is observable due to the transportations’ development, which makes easier for 
people, goods and services to move from both sides. Moreover, at this stage economy is very often 
exploited by the urban economy, which encourages rural inhabitants to migrate to urban centers to 
find better living conditions. Thirdly, a new rural-urban interface starts to develop consisting of a 
mixture of characteristics. At this point, people from rural areas are forced to work in non-agricultural 
activities outside the urban areas because of the growing cost of living in urban centers. What is more, 
the urban population starts to grow faster. Finally, at the fourth stage a new urban area is developed, 
if the development policy goes in good direction. In the end, a new peri-urban area is born around 
the urban area. The next possible step for a peri-urban area will be to become a new urban area 
(Sukamdi, 2005) (Fig.  IV.2).   

Therefore, the development of urban areas should be directed towards making rural and peri-urban 
areas generative rather than parasitic urban areas by not only mobilizing  the capital to develop rural-
urban linkages in production and consumption but also in financial matters (Sukamdi, 2005). 
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Fig.  IV.2. The Development of Rural-Urban Linkages. Source: (Sukamdi, 2005). 

For the purposes of this research, peri-urban areas are considered as opened urban socio-ecological 
systems, which interact with several socio-ecological systems –other rural and periurban areas-, 
within a larger socio-ecological system –that can be a metropolitan area-. In addition, such peri-urban 
socio-ecological systems are considered as a transitional state from rural to urban, which is the case 
of La Pila. 
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IV.2. San Luis Potosi and La Pila: An interlinkage between urban and peri-urban 

The Metropolitan Zone of San Luis Potosí (MZSLP) is located in San Luis Potosi’s state –just 
415 km from Mexico City, 370 km from Guadalajara, and 505 km from Monterrey-, on the west side 
of the Sierra Madre Oriental (Martinez, Escolero and Kralisch, 2010).  

According to the World Bank and the International Monetary Fund (2013), cities produce more than 
the 80% of global economic activity, reducing urban poverty and increasing productivity and better-
paying jobs (World Bank and International Monetary Fund, 2013). Because of its intensive and 
growing international industry, the city of San Luis Potosi (SLP) is part of this intense economic 
activity. Founded as a gold and silver mining town in 1592, today’s most predominant economic 
activities center on industry. SLP is a crucial part of the Bajío region –alongside other cities, such as 
Guanajuato, Querétaro and Aguascalientes-, which is today the biggest and most important 
industrial region in Mexico.  

The growing economic relevance of this industrial region can be appreciated in the following extract 
from The Report: Mexico 2017, published by Oxford Business Group Report (2017): 

“San Luis Potosí’s GDP increased from MXN 211.3bn ($12.74 bn) in 2009 to an 
estimated MXN 284.5bn ($17.13 bn) in 2016 on a constant price basis, averaging 
around 4.4% annual growth from 2010-16. Mexico’s national GDP growth, 
meanwhile, averaged 3.1%. Recently, the gap between national and regional growth 
has become wider, with the state’s GDP growing at double the rate of Mexico’s. In 
2015 the state’s economy expanded by 5.4% compared to 2.6% growth at the 
national level, putting it in fifth place out of 32 states in terms of GDP growth… 
Central players in San Luis Potosí’s private sector are, therefore, expecting the region 
to keep growing for many years.” (Oxford Business Group, 2017). 

In this economical context, SLP’s population is expected to reach 1.4 million inhabitants by 2030 
(United Nations, 2014a) (Fig.  IV.3).  

 
Fig.  IV.3. Expected Population Growth of San Luis Potosi by 2030.  Source: World City Populations 1950-1930 (United Nations, 

2014a). 
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In addition, the MZSLP suffers a process of rapid urbanization -due to the increasing demand for labor 
by industry and commerce-, which does not correspond to a sustainable planned development 
(Martinez, Escolero and Kralisch, 2010). As a result, MZSLP presents a population, urban and economic 
growth that leads to environmental and social problems. Such problems have special consequences 
in rural and peri-urban communities around the metropolitan area of SLP, and this is specially truth 
for our case of study: the community of La Pila.  

 
Fig.  IV.4. La Pila, San Luis Potosí, S.L.P.; La Pila is a community located in the southeast of San Luis Potosi. Source: (INEGI 

through Google Maps, 2018). 

La Pila, - 22°02'02.4"N 100°52'04.2"W- (INEGI, 2015b), is a community located in the south-east of the 
city of San Luis Potosí, connected to it through the industrial corridor. Its closeness to the city makes 
it dependent on the metropolitan dynamics, including the industrial (Fig.  IV.4, Fig.  IV.5). In the 
population census of 1997, the community of La Pila was still considered as a rural area or ejido, with 
a total of 1,155 inhabitants (INEGI, 1997), and in the population census of 2005 they reached a total 
population of 5,974 (SEDESOL, 2013d). According to INEGI25, a community can be considered as rural 

                                                             

25 INEGI= Instituto Nacional de Estadística y Geografía. 
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or urban depending on its number of inhabitants (INEGI, 2010b). With a total of 6,722 inhabitants –
according to a population census in 2010- (SEDESOL, 2013d), INEGI considers the community of La 
Pila as an urban area as it exceeds the number of 2500 inhabitants (Table IV.1). 

Population Growth in La Pila 

Year 1997 2005 2010 

Demographic Data Male Female Total Male Female Total Male Female Total 
Total Population 582 573 1,155 2,972 3,002 5,974 3,375 3,347 6,722 

Table IV.1. Population Growth in La Pila. Source: Based on INEGI Databases (INEGI, 1997, 2005, 2010a, 2015a). 

However, for the purposes of this research it is important to consider La Pila as an urban area with 
peri-urban characteristics, especially because of its proximity to the city, which leads to dynamics that 
differ from city’s dynamics. Moreover, as the INEGI only establishes this parameter to divide areas into 
rural and urban, they leave out social, economic, demographic and spatial characteristics, which are 
needed in order to better define the urban and rural areas in Mexico (Bonilla Moheno, 2011), as well 
as to understand their dynamics. 

 
Fig.  IV.5. La Pila: An Urban Socio-Ecological System. Source: (INEGI through Google Maps, 2018). 

La Pila can also be considered peri-urban, because of its dual-nature -the urban and the rural-, and 
because it is also the result of the interactions and dynamics between the rural and the urban (World 
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Bank and International Monetary Fund, 2013). Inhabitants from rural areas are involved in the 
processes of resources extraction and generation, while city’s habitants consume energy, food, water 
and other resources, which they excrete as waste that pollutes rural environments. Because of the 
facilities that a city offers, people who live in a rural environment tend to migrate to cities, and rural 
areas tend to become part of the nearest city, which leads to unsustainable urban development. This 
situation is observable in La Pila, in which we can still find rural and urban environments. 

In this context, understanding the processes and principles of Urban Metabolism inside the 
community can help to propose resilience strategies in order to conduct the peri-urban towards 
sustainable development. Enhancing the comprehension of metabolism within La Pila, requires the 
analysis of the main fluxes: Water, Energy and Food. In the following part, insights about how these 
fluxes get in La Pila from MZSLP are given, in order to provide a general context of the current 
challenges that the community faces. 

IV.2.1. Water  

San Luis Potosi’s valley is located in the Hydrological Region 37, which is also known as “El 
Salado”. (Martinez, Escolero and Kralisch, 2010). According to the State’s Water Commission (2015), 
in the zone in which the MZSLP and La Pila are located, aquifers present critical deterioration 
(Comisión Estatal del Agua, 2015) (Fig.  IV.6. Hydrological Zones in San Luis Potosi’s state. Source: 
State’s Development Plan 2015-2021 (Comisión Estatal del Agua 2015).Fig.  IV.6). 

 

 
Fig.  IV.6. Hydrological Zones in San Luis Potosi’s state. Source: State’s Development Plan 2015-2021 (Comisión Estatal del Agua 

2015). 
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Water scarcity is a growing problem in MZSLP, as there are limited natural water resources and a 
bigger demand each year. Despite the fact that public policies and new landscape management 
proposals have tried to solve water problems, they have not yet succeeded at ensuring an effective 
water management. As surface water is limited available, solutions to water scarcity have been based 
on the development of local groundwater sources. The water supply of the metropolitan zone of San 
Luis Potosí –including the community of La Pila-, hinges on local groundwater sources for more than 
90% of its supply, because of tis good quality, reliability and availability during droughts (Martinez, 
Escolero and Kralisch, 2010). In the SLP valley there are three hydrogeological sources of water that 
present overexploitation, and a total of 946 hydraulic uses, from which only 859 -447 deep wells and 
412 wells- are currently active and provide water with a concentration of 160-450 ppm total dissolved 
solids (INEGI and Gobierno del Estado de San Luis Potosí, 2002). Although seventy four millions of 
cubic meters of ground water are annually recharged –according to INEGI estimations in 2002-, by 
vertical infiltration, irrigation returns, and runoffs from the mountains systems Sierra de Álvarez and 
Sierra de San Miguelito; the annual discharge of ground water is estimated in 110.5 Mm3, which leaves 
a deficit of -36.5 Mm3 annually (INEGI and Gobierno del Estado de San Luis Potosí, 2002). 

Meanwhile, the other 10% of water supply depends on surface water (Martinez et al. 2010). In order 
to collect surface water, the metropolitan zone of San Luis Potosi, has a system composed by two 
dams -El Peaje and El Potosino-, which supply water to the San José reservoir, achieving an average 
flow of 300 l/s and a maximum of 489 l/s (Interapas, 2005; Martinez, Escolero and Kralisch, 2010). 
However, not all the surface water is used. According to Martinez (2010), the overflows from the dams 
have to be discharged into the Santiago riverbed, which today is an important boulevard that 
connects the west to the northeast of SLP. This is a consequence of the limited capacity of the 
purification plant -Los Filtros-, as well as the continuously falling storage capacity of dams –San José’s 
capacity is only of 50%-, as a result of an infrastructure that was built more than a century ago 
(Martinez, Escolero and Kralisch, 2010). 

Therefore, because of the increasing water demand in the metropolitan zone of SLP, a new aqueduct 
–El Realito- was constructed in 2007-2014 in order to supply a total of 400,000 inhabitants with 
drinking water. Such aqueduct has a distance of 133 km, and connects the dam of El Realito –which 
is located in the state of Guanajuato-, through three pumping stations and one water purification 
plant, to six water reservoirs (Table IV.2) –with a total capacity of 16,400 m3- constructed for this 
purpose (Comisión Estatal del Agua de San Luis Potosí, 2018). 

Water Reservoirs in El Realito 
Number Location Capacity 

1 Zona Termal 5,000.00 m3 
2 Hostal 2,000.00 m3 

3 El Aguaje 3,000.00 m3 
4 Cordillera 3,000.00 m3 
5 Planta Filtros 3,000.00 m3 

6 Tangamanga o Balcones 400.00 m3 

Table IV.2. Water Reservoirs in El Realito. Source: (Comisión Estatal del Agua, 2014). 
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Despite the efforts to provide drinking water to all population, communities that are located in the 
peri-urban areas do not have access to clean water. In the case of the community of La Pila, water is 
supplied through a groundwater well, managed by the State’s Water Commission. The State’s Water 
Commission (translated from the Spanish: Comisión Estatal del Agua), is a decentralized organism of 
the Mexican Government, which is responsible of increasing the infrastructure for water supply, 
identifying new sources of drinking water, implementing programs for the re-use of drinking water, 
promoting the improvement of the organisms in charge of providing the services of drinking water 
in San Luis Potosi’s municipalities and promoting a responsible use of water resources across the 
population (Comisión Estatal del Agua de San Luis Potosí, 2018).  

Important for the following chapter is to state that the water supply fees depend on the cubic meters 
of water consumed (Secretaría General de Gobierno, 2016) (Table IV.3). This means that people, who 
consume less water, will pay less for every cubic meter of consumed water, and viceversa, depending 
on the average annual temperature of the city (Table IV.4), and the socio-economical sector they live 
in (Table IV.5).  

Water Supply Fees 
Cubic meters consumed every two months Cost per cubic meter (MXN) 

Less than 25 m3  5.00 
Up to 30 m3  7.50 

Up to 40 m3 10.00 
Up to 50 m3 12.50 
Up to 60 m3 15.00 

Up to 100 m3 17.50 
Up to 160 m3 20.00 
Up to 200 m3 22.50 

Up to 250 m3 30.00 
Up to 251 m3 or more 37.50 

Table IV.3. Water Supply Fees in San Luis Potosí. Source: Translated from decree 0540 (Secretaría General de Gobierno, 2016). 

Climate Classification depending on the Temperature 

Average annual temperature (°C) Climate Type 
More than 22°C Af26 

From 18°C to 22°C Aw27 

From 12°C to 17.9°C Cb28 

From 5°C to 11.9°C Cf29 

Less than 5°C Dc30 

Table IV.4. Climate Classification depending on the Temperature. Source: Self-translated from Manual de Agua Potable y 
Saneamiento (Comisión Nacional del Agua, 2007). 

                                                             

26 According to Interapas: Cálido. 
27 According to Interapas: Semicálido. 
28 According to Interapas: Templado semifrío. 
29 According to Interapas: Templado. 
30 According to Interapas: Frío. 
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For the purpose of this study, 205 liters per habitant per day will be considered as the diary water 
consumption to fulfill an inhabitant personal needs, as the average annual temperature of SLP is 21°C 
according to INEGI databases (INEGI, 2010b), and La Pila is considered as part of the socio-economical 
sector, according to the National Water Commission (Comisión Nacional del Agua, 2007) (Fig.  IV.5). 

Domestic Consumption per Capita 

Climate Consumption per Socio-Economical Sector (L./inhabitant/day) 

Residential Media Popular 

Af31 More tan 22°C 400 230 185 

Aw32 From 18°C to 22°C 300 205 130 

Cf33 From 5°C to 17.9°C 250 195 100 

Table IV.5. Domestic Consumption per Capita. Source: Self-translated from Manual de Agua Potable y Saneamiento (Comisión 
Nacional del Agua, 2007). 

Additional to the water supply fees, households pay a 15% of the total for the sewerage and storm 
water runoff drainage services, a 20% for the wastewater treatment services, and the respective taxes 
(Secretaría General de Gobierno, 2016). Wastewater is usually used for agricultural purposes in the 
municipalities of San Luis Potosí and Soledad de Graciano Sánchez (INEGI and Gobierno del Estado 
de San Luis Potosí, 2002).  

IV.2.2. Energy 

For the purposes of this research energy is divided in three main sources: 1) Electrical Energy 
or Electricity; 2) Gas; and 3) Fossil Fuels. Despite the fact that fossil fuels are mainly used for 
transportation they are sometimes also used in firewood burning practices. Therefore, the 
importance of considering fuel as an inflow within the USES. 

In Mexico, the electrical energy is provided by the Electricity Federal Commission34 (CFE). In order to 
calculate the cost of energy, they use a table of fees35 that change depending on the household 
electricity consumption. For example, for the first 75 kWh, they charge a fee of MXN 0.793 per kWh. 
This means, that people paying a monthly payment of MXN 59.47 are not exceeding this 
consumption. However, if they exceed this Basic Energy Fee, the following 130 kWh will cost MXN 
0.956 per kWh. In this case, people will be spending a monthly maximum of MXN 121.61 for electrical 
energy, considering an Intermediate Energy Fee. If the households exceed the 280 kWh, they are 
charged MXN 2.802 per kWh consumed. In the following table we show an example of the CFE 
calculation during  March and April 2018 (Table IV.6). 

                                                             

31 According to Interapas: Cálido. 
32 According to Interapas: Semicálido. 
33 According to Interapas: Templado. 
34 Self-translation from Comisión Federal de Electricidad (CFE). 
35 CFE measures and charges the use of electrical energy every two months, but calculations in this 

study are made with monthly charges. 
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Electrical Energy Fees 

Concept Electrical Energy 
Consumed within two 

Fee per kWh Total36 

Energy Fee kWh MXN MXN 

Basic 150   0.793 118.95 

Intermediate 130 0.956 124.28 

Exceeding 15537 2.802 434.31 

   435     677.54 

Table IV.6. Electrical Energy Fees. Source: CFE (Comisión Federal de Electricidad, 2018). 

Gas distribution is managed by private enterprises. In the case of La Pila prices for gas vary from MXN 
19.45 to MXN 21.21 according to the Energy Regulating Commission38 (Comisión Reguladora de 
Energía, 2018). Therefore, in order to calculate gas consumption, an average price of MXN 20.33 was 
used in this study. 

In Mexico, gasoline price changes continuously. For the purposes of this study, a ‘stable’ price of MXN 
18.02 per liter will be considered for the current year, according to the article The Price of Gasoline in 
Mexico for 2018 appearing in La Economía newspaper (El Precio de La Gasolina 2018, 2018). Inside the 
community, there is none gas station –considering the territorial division-, however, the closest one 
is located in the main road that connects the community with the Highway 57.  

IV.2.3. Food  

For the purposes of this study, food is considered as the amount of crops consumed within 
households. The reason for not including other food appliances was time, as the Food Flux study can 
require several years. However, these first insights provide a general overview on the main food 
source that supplies the households within La Pila.  

In SLP, the cyclic crops that are produced the most include forage oat (329 051 tons per year), chili 
(174 882 tons per year), corn (117 744 tons per year) and tomato (116 137 tons per year). Meanwhile, 
the perennial crops that are produced the most are sugar cane (2 529 479 tons per year), green alfalfa 
(1 569 348 tons per year), pastures (1 049 434 tons per year) and orange (324 213 tons per year) (INEGI, 
2014) (Table IV.7). However, according to the Oxford Business Group (2018), the agricultural sector 
in SLP “may never be able to compete with the manufacturing industry as a proportion of GDP, due 
to the relative volumes involved”. 

In their report San Luis Potosí Agricultural sector analysis, the Oxford Business Group (2018) states: 

“Some 2.75 m ha of San Luis Potosí’s 6.1m-ha surface area are potential agricultural 
areas, with around 1.85m ha currently being cultivated. Moreover, the Ministry of 

                                                             

36 The total does not consider taxes. 
37 This value changes depending on the Electrical Energy Consumption. 
38 Self-translation from Comisión Reguladora de Energía. 
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Agriculture, Livestock, Rural Development, Fisheries and Food (SAGARPA39) estimates 
that around 225,000 people in the state work in agricultural activities, with more than 
35% of the state’s population estimated to be reliant on the sector. According to the 
Secretariat for Economic Development, this is despite just 4.7% of the state’s GDP 
coming from the primary sector” (Oxford Business Group, 2018). 

It is observable, that the industry is the major economic activity in MZSLP, which means that it also 
plays an important role in the MZSLP development and its surroundings. 

Volume of Agricultural Production (Main Crops) 

Main Crops Tons per year % From the National Total National Place 

Cyclic Crops 
Forage oat 329,051 3.0 9/23 

Green pepper, chili 174,882 7.3 4/32 

Corn 117,744 15.4 2/23 

Tomato 116,137 4.1 6/32 

Grain sorghum 112,323 1.6 8/30 

Grain corn 105,381 0.5 23/32 

Onion 71,886 5.8 7/26 

Forage corn 53,586 0.4 16/26 

Soy 50,257 20.3 2/11 

Beans 32,281 3.0 9/32 

Perennial Crops 

Sugar cane 2,529,479 5.0 6/15 

Green alfalfa 1,569,348 5.1 8/26 

Pastures 1,049,434 2.2 10/27 

Orange 324,213 8.8 3/27 

Sugar cane (other uses) 267,665 38.4 1/18 

Sugar cane (seed) 66,899 4.8 9/15 

Tuna (cactus fruit) 10,492 2.0 7/16 

Table IV.7. Volume of Agricultural Production (Main Crops). Source: INEGI Databases (INEGI, 2014). 

According to INEGI databases (2018), agriculture, breeding or farming activities are economical 
activities that do not take place in La Pila (INEGI, 2018). The community of La Pila depends, therefore, 
in the continuous food inflow for its survival. 

 

 

 

 

                                                             

39 SAGARPA= Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación. 
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IV.3. Demographics from La Pila: Poverty,  Social Backwardness and Margination 

According to SEDESOL (2013), the community of ‘La Pila’ presents poverty, social 
backwardness and margination (SEDESOL, 2013b). From the poverty indicators (Table IV.8) it is 
observable that for the year 2010, 10.91% households did not have access to WC, moreover 8.28% 
households did not have access to drainage and 6.34% did not have access to tap water (SEDESOL, 
2013a). Moreover, 10.91% households do not have a WC, while 29.85% households do not have 
access to a washing machine (SEDESOL, 2013c)  

Poverty Indicators in La Pila 

La Pila 2005 2010 

Indicators Value % Value % 

Total of Inhabited Dwellings 1,119.00 
 

1,357.00 
 

Lack of quality and spaces of housing 
    

  Dwellings with dirt floor 326.00 29.21 144.00 10.63 

Lack of access to basic services in private homes 
    

  Homes without drainage 202.00 18.08 112.00 8.29 

  Homes without electricity 38.00 3.40 49.00 3.62 

  Homes without tap water 83.00 7.42 86.00 6.34 

  Homes without WC 226.00 20.20 148.00 10.91 

Table IV.8. Poverty Indicators in La Pila. Source: (SEDESOL, 2013a). 

Despite the fact that La Pila presents Social Backwardness, SEDESOL (2013) argues that the Index has 
reduced from -1.01532 in 2005 to -0.96485 in 2010 (Table IV.9). 

Social Backwardness Indicators in La Pila 

La Pila 2005 2010 

Total Population 5974 6722 

% illiterate population: 15 years or more 16.04 10.90 

% 6-14 year-old-population who does not go to school 4.34 4.94 

% population with uncompleted basic education: 15 years or more 62.81 57.32 

% population without access to health services 29.69 14.33 

% Dwellings with dirt floor 29.13 10.61 

% Homes without WC 20.20 10.91 

% Homes without tap water 7.42 6.34 

% Homes without sewer 18.05 8.25 

% Homes without electricity 3.40 3.61 

% Homes without washing machine  31.64 29.85 

% Homes without fridge 31.46 26.31 

Social Backwardness Index -1.01532 -0.96485 

Social Backwardness Grad very low very low 

Table IV.9. Social Backwardness Indicators in La Pila. Source: (SEDESOL, 2013c). 
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Finally, according to the margination indicators the margination index has increased from -0.75456 
in 2005 to -0.76113 in 2010, which is the result of the increasing new homes that do not have access 
to electricity as observable in Table IV.10. 

 

Sustainability Model for Vulnerable Communities’ Governance: Elementary school Francisco 
González Bocanegra40 

As in this part we are explaining the current context of La Pila’s dynamics it is central to state 
that this research is part of a project –called-, which aims to create a sustainable primary school. The 
selected school is Francisco González Bocanegra, whose students are between 6 to 12 years old. 
Actions are being taken in this school, because it has been observed that the majority of the primary 
students do not continue their studies because their families live in extreme poverty. The current 
project aims to create auto-sustainable schools that allow producing food through agricultural 
gardens, collecting rainwater to ensure the health of the students, producing electrical energy 
through solar panels and recycling waste to create compost.  

As this project contribute to achieve sustainability thorough the achievement of SDG’s within the 
community, its strategies will be considered when assessing urban resilience through risk. 

 

 

 

 

                                                             

40 Self-translation of Modelo de Sostenibilidad para la Gobernanza de Comunidades Vulnerables: Escuela 
Francisco González Bocanegra. 

Margination Indicators in La Pila 

La Pila 2005 2010 
Total Population 5974.00 6722.00 
% illiterate population: 15 years or more 16.04 10.90 
% population without completed primary education: 15 years or more 35.43 29.87 
% particular homes without WC 15.21 10.91 
% particular homes without electricity 3.31 3.62 
% particular homes without tap water 7.42 6.34 
% of habitants per room in particular homes 40.25 1.31 
% particular homes without fridge 29.21 10.63 
% particular Homes with dirt floor 31.40 26.31 

Margination Index -0.75456 -0.76113 
Margination Grad Medium High 

Table IV.10. Margination Indicators n La Pila. Source: (SEDESOL, 2013b). 
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Closing Remarks 

Due to the current industrial growth that the MZSLP is experiencing, urban areas are 
extending and the resources demands are constantly increasing. In this context of continuous 
change, peri-urban areas result affected as they lack the means to keep track on the urban evolution. 
As it was reviewed in this chapter, the peri-urban areas are considered as opened urban socio-
ecological systems, which interact with several socio-ecological systems –other rural and periurban 
areas-, within a larger socio-ecological system –that can be a metropolitan area-. In this context, La 
Pila is a peri-urban interacting with the surrounding peri-urban socio-ecological systems within a 
bigger completely urbanized system, which is the Metropolitan Zone of San Luis Potosi. Additionally, 
La Pila is considered as a peri-urban socio-ecological system in a transitional state from rural to urban, 
because of the percentages of homes without tap water, sewer, electricity, and electronic appliances, 
characteristically present on urban environments. In this context, there is a complex interaction 
between La Pila and SLP, and as La Pila is a smaller USES within the MZSLP, its dynamics are strongly 
influenced by the decisions that are taken in SLP, especially those related to resources distribution. 
That is the case of the Water, Energy and Food fluxes. In the case of water supply, for example, it is 
observable that La Pila is not a priority on the current system, although its proximity to the new 
aqueduct El Realito. Finally, in the last part of this chapter, it was observed that La Pila presents 
poverty, social backwardness and margination (SEDESOL, 2013b), which means that a significant 
percentage of the population does not have access to tap water, drainage, electricity, and in some 
cases they do not even have a WC. Moreover, in the INEGI statistics, it can be appreciated that some 
of the homes do not have basic electronic appliances, such as fridge or washing machine, to satisfy 
their personal needs. 
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Chapter V  
Metabolism of Households in La Pila 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Understanding energy and material flows through cities lies at the heart of developing 
sustainable cities.” 

(Nourhan, 2014) 
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V. Metabolism of Households in La Pila  

In order to understand the urban metabolism in the community of La Pila -considered as our 
USES of study-, a total of 40 households were interviewed during the months of April and May 2018. 
Most households are headed by 18-60 year-old men and host an average of 4 to 5 family members. 
It is observable that, in the majority of the cases families are composed by parents and two or three 
children. In this chapter, data gathered regarding the Water, Energy and Food fluxes are presented 
and analyzed in two subchapters (Fig.  V.1). On a first subchapter, Water-Energy-Food Consumption 
in La Pila, the fluxes’ data are described and interpreted independently. Because of the diversity of 
families in La Pila and the complexity of the USES dynamics, the data gathered are presented and 
analyzed at three scales, in order to provide a better context of how resources are consumed: 1) 
Households Total Consumption; 2) Household A-B-C Types Consumption; and 3) A Household 
Analysis.  

 
Fig.  V.1. Metabolism of Households in La Pila. 

In Households Total Consumption, the data for every flux are presented considering first the 40 
interviewees, secondly a probabilistic correction -using the Monte Carlo method- of the 40 
interviewees that can be extended for La Pila, and finally, a per capita resources consumption. The 
Monte Carlo method is used because it allows to have a better estimation of the community with the 
data gathered through the interviews. After that, in Household A-B-C Types Consumption, a 
classification of the forty interviewees is proposed based on the number of inhabitants per 
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household. In order to classify the households, the number of inhabitants per household was used: 
three to four inhabitants, five inhabitants, and six or more inhabitants (Fig.  V.2). Such classification 
is useful to observe how the resources consumption per household changes regarding the number 
of inhabitants and it also provides insights regarding the average income per household. In this part, 
the Monte Carlo method is also used to make a probabilistic correction of the data gathered per 
household type. Then, a per capita resources consumption is presented in order to obtain liters of 
water consumed per person per day (L/person/day). Later, in A Household Analysis, we present a 
household analysis, considering a typical family of 5 members –which was the most common familiar 
aggrupation according to the interviews-, as a mean to provide insights into how households’ 
acquire, consume and excrete resources: Water, Energy and Food. 

 
Fig.  V.2. Households Types according to the Number of Inhabitants.  

On the second subchapter, Water-Energy-Food Metabolism through the Analysis of the System’s Supply 
and the System Itself, the metabolism of the households is analyzed and discussed considering the 
whole USES that is La Pila. 
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V.1. Water-Energy-Food Consumption in La Pila 

 In this subchapter, the resources metabolism is presented and analyzed through the data 
gathered during the field work. Firstly, water flux will be described considering tap water. After that, 
energy flux will be equally presented and analyzed, considering energy that comes from electricity, 
and fossil fuels –gas and fuel-. Finally, food flux is described and analyzed based on the money spent 
to cover it and the percentage that it represents from the household income. For each one of the 
fluxes, the three scales -Households Total Consumption, Household A-B-C Types Consumption and A 
Household Analysis-, are used. 

V.1.1. Water Consumption in La Pila 

 In order to calculate the liters of water flowing into the household, tap and bottled water 
were considered, as well as extra water resources that can come from other sources. In the first part, 
Households Total Consumption, and in Household A-B-C Types Consumption the liters of tap water 
consumed are presented. After that, in A Household Analysis, the water coming from other sources is 
presented through a household example.  Spent water liters were calculated using the Interapas fees 
tables41, without discounting the taxes paid for the service, nor the drainage fees. The reason for not 
splitting these concepts was that data obtained during the interview asked about the monthly 
expenditure in water resources, which was changing according to the water source. Therefore, the 
data were standardized by not taking out the extra fees, which can only be paid through Interapas. 

Households Total Consumption 

The monthly average estimated water consumption per household in La Pila is 17,890.18 L. (ẋ=11,000 
L.) with a median corrected through the software Crystal Ball (10,000 repetitions) of 15616.17 L. (Fig.  
V.3). Meanwhile, the monthly average estimated water consumption per capita in La Pila is 3,098.78 
L. (ẋ=2,525.00 L.). This means that if the per capita consumption within a month (3,098.78) is divided 
by the number of days (average of 30), inhabitants in La Pila are spending an average of 103.29 L. per 
capita/per day. Taking into account the average annual temperature of 21°, La Pila inhabitants are 
supposed to have a dairy water provision of 205 liters per capita42 (Comisión Nacional del Agua, 2007) 
(Table V.1). This means that they are consuming about one third of what is indicated by Water 
National Commission (self-translation from Comisión Nacional del Agua), to fulfill their basic needs. 
In this scenario, La Pila inhabitants are consuming a 50.38% of their water provision to do all their 
diary activities, including cooking, hygiene habits –tooth brushing, showering, WC-, and cleaning 
among others.  

                                                             

41 See Table IV.3. Water Supply Fees in San Luis Potosí. Source: Translated from decree 0540 (Secretaría 
General de Gobierno, 2016).  

42 See Table IV.5. Domestic Consumption per Capita. Source: Self-translated from Manual de Agua 
Potable y Saneamiento (Comisión Nacional del Agua, 2007). 
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Fig.  V.3. Water in Households: Estimated Water Consumption per Household in La Pila.43 

Monthly Estimated Water Consumption 

 Per Household Per Capita 

Average 17,890.18 L. 3,098.78 L. 

Median 11,000.00 L. 2,525.00 L. 

Table V.1. Monthly Estimated Water Consumption.44 

Household A-B-C Types Consumption 

For Households with three or four inhabitants –Type A-, the monthly average estimated water 
consumption per household in La Pila is 14,140.21 L. (ẋ=12,500.00 L.) with a median corrected 
through the software Crystal Ball (10,000 repetitions) of 11,544.91 L. (Type A in Fig.  V.4). Meanwhile 
for Type B Households –five inhabitants-, the monthly average estimated water consumption per 
household in La Pila is 12,060.44 L. (ẋ=12,000.00 L.) with a median corrected through the software 
Crystal Ball (10,000 repetitions) of 9,284.13 L. (Type B in Fig.  V.4). Household that are Type C –
households with six or more inhabitants-, the monthly average estimated water consumption per 
household in La Pila is 17,470.37 L. (ẋ=15,300.00 L.) with a median corrected through the software 
Crystal Ball (10,000 repetitions) of 15,132.19 L. (Type C in Fig.  V.4). 

                                                             

43 See Appendix C: Table A.1. Hazards’ categories. Source: Based on the literature review. 
44 See Appendix C: Table C.5. Estimated Water Consumption per Capita per Household in La Pila (L.).  
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Fig.  V.4. Water in Households: Estimated Water Consumption per Household Type in La Pila.45 

                                                             

45 See Appendix C: Table C.2. Water in Households: Estimated Water Consumption in Type A 
Households in La Pila (L.).  
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As it can be appreciated in the Table V.2, the monthly average estimated water consumption per 
capita in La Pila varies independently of the number of inhabitants per household. For Type B 
Households we have an average water consumption of 2,412.09 L. per month, which is the lowest 
consumption per capita within the household types. On the contrary, the households that have less 
inhabitants have the highest water consumption per capita, with an average consumption of 
3,828.26 L. In between, we find Type C households, with an average water consumption of 2,631.70 
L. per capita per month. 

As stated in the previous chapter, La Pila inhabitants are supposed to have a dairy water provision of 
205 liters per capita according to the Water National Commission (2007), which means that for the 
households with the highest consumption –Type A-, the water consumed per person per day is 
127.60 L.46. This means that people is spending 62.24% of their diary water provision. 

Monthly Estimated Water Consumption per Household Type 

 Type A Type B Type C 

 Per Household Per Capita Per Household Per Capita Per Household Per Capita 

Average 14,140.21 L. 3,828.26 L. 12,060.44 L. 2,412.09 L. 17,470.37 L. 2,631.70 L. 

Median 12,500.00 L. 3,166.67 L. 12,000.00 L. 2,400.00 L. 15,300.00 L. 2,550.00 L. 

Table V.2. Monthly Estimated Water Consumption per Household Type.47 

A Household Analysis 

In La Pila, a five-member family consumes around 8,000.00 L. of tap water to satisfy their needs every 
month. Dividing the total of liters between the five members of the family, we can discover that the 
consumption per capita is of 1,600.00 L. per month. Considering a month of 30 days, the daily per 
capita consumption is approximately 53.33 L., which corresponds to a 26.01% of the Interapas diary 
water provision. 

This household pays around MXN 120.0048, which is less than the monthly average MXN 230.23 
(considering the water total consumption average from the forty households). According to the data 
given by the interviewee, this household has an income of MXN 6000.00 per month49. As the income 
is low, inhabitants try to save as much water as possible when realizing domestic scores and when 
taking care of personal hygiene.  

                                                             

46 Result of dividing 3,828.26 by 30 days. 
47 See Appendix C: Table C.2. Water in Households: Estimated Water Consumption in Type A 

Households in La Pila (L.).  Table C.3. Water in Households: Estimated Water Consumption in Type B Households 
in La Pila (L.).  Table C.4. Water in Households: Estimated Water Consumption in Type C Households in La Pila 
(L.).  Table C.6. Estimated Water Consumption per Capita in Type A Households (L.).  Table C.7. Estimated Water 
Consumption per Capita in Type B Households (L.).  Table C.8. Estimated Water Consumption per Capita in 
Type C Households (L.).  

48 Equivalent to approximately EUR 5.10. 
49 The water expenditure is the 2% of the monthly income. 
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Fig.  V.5. Water in La Pila: A Household Analysis. 

Monthly Monetary Expenditure 
 Average Median Household 

Water MXN 230.23 MXN 175.00 MXN 120.00 

Energy    
   Gas MXN 281.16 MXN 252.50 MXN 140.00 
   Electrical Energy MXN 96.03 MXN 136.92 MXN 200.00 
   Fuel MXN 780.00 MXN 800.00 MXN 800.00 

Food MXN 6178.97 MXN 6421.83 MXN 3200.00 

Table V.3. Monthly Monetary Expenditure.  

Monthly Resource Expenditure 

 Average Median Household 
Water 17 890 L. 11000 L. 8000 L. 

Energy    
   Gas 13.82 Kg. 12.42 Kg. 6.89 Kg. 
   Electrical Energy 92.77 kWh. 84.40 kWh. 100.65 kWh. 
   Fuel 43.21 L. 44.32 L. 44.32 L. 

Food 6178.97 MXN 6421.83 MXN 3200.00 MXN 

Table V.4. Monthly Resource Expenditure.  
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It is observable that the household selected is under the average and the median water consumption 
(Table V.3 and Table V.4). It was observed that other households can get their water supply from 
other sources different to the connection through Interapas. There was a case of a family, who have 
a well in their own garden; therefore, they satisfy their water necessities from there. Unfortunately, it 
was hard to measure their water consumption. Moreover, some people share the water resources 
with their families and their neighbors, when water is inaccessible. Consequently, there is a water 
input flowing in the households, which is not being considered in the water consumption 
calculations. 

There were some households, which said that they harvest rainwater through buckets and barrels, 
which later is used to clean the floor or water the plants. It was observed that more than 75% of the 
people interviewed use bottled water to drink, and people who do not, boil water by burning 
firewood.  

Finally, bottled water represents a small water inflow, as for the households’ averages is estimated 
that they consume up to 38 L. within a week. In the case of the household under study, we discovered 
that their weekly consumption is about 76 L., which is above the average (304 L. per month) (Fig.  
V.5). 

V.1.2. Energy Consumption in La Pila 

 In order to calculate the energy flowing into the household, electrical energy, gas and fossil 
fuels were considered as main sources. In this part, Households Total Consumption are first presented 
for every energy source. Later, in Household A-B-C Types Consumption, the schema proposed is 
followed, measuring the energy inflowing first, per household and then per capita. Finally, in a 
Household Analysis, energy coming from other sources is presented through a household example.   

Households Total Consumption 

The energy fluxes considered for this study were gas, electricity and fossil fuels. It is vital to observe 
that units are different for each one of these fluxes. Gas is described in kilograms (Kg.), while electricity 
is expressed in Kilowatts per Hour (kWh.), and fuel in liters (L.). Despite the fact that most urban 
metabolists try to convert energy and material fluxes into one single unit, for the purposes of this 
study, it was decided to leave the estimations of resources consumption in their original unit, as it 
can be unpractical to mention calories for gas or electricity when making decisions. Moreover, this 
study searches to understand the dynamics of the metabolism in order to find hazards that might 
conform potential risks to the system’s supply or the system itself. 

Gas 

The monthly average estimated gas consumption per household in La Pila is 13.82 Kg. (ẋ=12.42 Kg.) 
with a median corrected through the software Crystal Ball (10,000 repetitions) of 13.00 Kg. (Fig.  V.6). 
Meanwhile, the monthly average estimated gas consumption per capita in La Pila is 3.00 Kg. (ẋ=2.50 
Kg.).  
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This means that if the per capita consumption within a month (3.00 Kg) is divided by the number of 
days (average of 30), inhabitants in La Pila are spending an average of 0.1 Kg. per capita per day 
(Table V.5).  

 
Fig.  V.6. Gas in Households: Estimated Gas Consumption per Household in La Pila.50 

Monthly Estimated Gas Consumption 

 Per Household Per Capita 

Average 13.82 Kg. 3.00 Kg. 

Median 12.42 Kg. 2.50 Kg. 

Table V.5. Monthly Estimated Gas Consumption.51 

Electricity 

A monthly average estimated consumption per household in La Pila is 92.77 KwH. (ẋ=84.40 kWh.) 
with a median corrected through the software Crystal Ball (10,000 repetitions) of 81.66 kWh. This can 
be observed in Fig.  V.7Fig.  V.6). In this direction, the monthly average estimated electrical energy 
consumption per capita in La Pila is 20.17 kWh. (ẋ=17.62 kWh.). This means that if the per capita 
consumption within a month (20.17 kWh) is divided by the number of days (average of 30), 
inhabitants in La Pila are spending an average of 0.67 kWh. per capita per day (Table V.6).  

                                                             

50 See Appendix C: Table C.13. Energy in Households: Estimated Gas Consumption per Household in 
La Pila (Kg.).  

51 See Appendix C: Table C.25. Estimated Gas Consumption per Capita and Household in La Pila (Kg.).  
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Fig.  V.7. Electricity in Households: Estimated Electricity Consumption per Household in La Pila.52 

 

Monthly Estimated Electricity Consumption 

 Per Household Per Capita 

Average 92.77 kWh 20.17 kWh 

Median 84.40 kWh 17.65 kWh 

Table V.6. Monthly Estimated Electricity Consumption.53 

Fuel 

A total of 43.21 L. is the monthly average estimated fuel consumption per household in La Pila 
(ẋ=44.32 L.) with a median corrected through the software Crystal Ball (10,000 repetitions) of 40.82 L. 
(Fig.  V.8Fig.  V.6). Additionally, the monthly average estimated fuel consumption per capita in La 
Pila is 9.94 L. (ẋ=8.86 L.) as observed in Table V.7.  

                                                             

52 See Appendix C: Table C.17. Estimated Electricity Consumption per Household in La Pila (kWh).  
53 See Appendix C: Table C.29. Estimated Electricity Consumption per Capita and Household in La Pila 

(kWh.).  
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Fig.  V.8. Fuel in Households: Estimated Fuel Consumption per Household in La Pila.54 

Monthly Estimated Fuel Consumption 

 Per Household Per Capita 

Average 43.21 L. 9.94 L. 

Median 44.32 L. 8.86 L. 

Table V.7. Monthly Estimated Fuel Consumption.55 

Household A-B-C Types Consumption 

On the households’ types patterns of energy consumption, irregularities on the resources 
consumption were found for gas consumption when analyzing data per capita. While in the 
electricity consumption, the Kwh per household increase depending on the number of inhabitants, 
for gas the results are different. 

Gas 

For Households with three or four inhabitants –Type A-, the monthly average estimated gas 
consumption per household in La Pila is 13.74 Kg. (ẋ=10.70 Kg.) with a median corrected through the 
software Crystal Ball (10,000 repetitions) of 9.73 Kg. (Type A in Fig.  V.9).  

                                                             

54 See Appendix: Table C.21. Estimated Fuel Consumption per Household in La Pila (L.).  
55 See Appendix C: Table C.33. Estimated Fuel Consumption per Capita in per Household in La Pila (L.).  
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Fig.  V.9. Gas in Households: Estimated Gas Consumption per Household Type in La Pila.56 

                                                             

56 See Appendix C: Table C.14. Energy in Households: Estimated Gas Consumption in Type A 
Households (Kg.).  Table C.15. Energy in Households: Estimated Gas Consumption in Type B Households (Kg.).  
Table C.16. Energy in Households: Estimated Gas Consumption in Type C Households (Kg.).  
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Also, for Type B Households –five inhabitants-, the monthly average estimated gas consumption per 
household in La Pila is 10.97 Kg. (ẋ=8.20 Kg.) with a median corrected through the software Crystal 
Ball (10,000 repetitions) of 9.98 Kg. (Type B in Fig.  V.9). Household that are Type C –households with 
six or more inhabitants-, the monthly average estimated gas consumption per household in La Pila is 
18.12 Kg. (ẋ=13.28 Kg.) with a median corrected through the software Crystal Ball (10,000 repetitions) 
of 17.47 Kg. (Type C in Fig.  V.9). 

As it can be appreciated in the Table V.8, the monthly average estimated gas consumption per capita 
in La Pila is less in Type B Households, as they spend only 2019 Kg. per capita, in contrast to 3.77 Kg. 
and 2.63 Kg. in Type A and Type C Households respectively. In this context, the following question is 
raised: Does a five-member family have a more efficient use of the resource? It is a possibility that 
should not be discarded, as resources are shared by a bigger number of inhabitants, but not as big 
as Type C Households are. The reason for this, lays on the use of the resource. Gas is usually used to 
cook and boil water. While for boiling water, people might need the same grams of energy, for 
cooking the resources is shared in one single use. It seems probable that the sharing of the resources 
is more efficient in five-member families. 

Monthly Estimated Gas Consumption per Household Type 
 Type A Type B Type C 

 Per Household Per Capita Per Household Per Capita Per Household Per Capita 

Average 13.74 Kg. 3.77 Kg. 10.97 Kg. 2.19 Kg. 18.12 Kg. 2.63 Kg. 

Median 10.70 Kg. 2.67 Kg. 8.20 Kg. 1.63 Kg. 13.28 Kg. 2.21 Kg. 

Table V.8. Monthly Estimated Gas Consumption per Household Type.57 

Electricity 

For Households with three or four inhabitants –Type A-, the monthly average estimated electricity 
consumption per household in La Pila is 74.57 kWh. (ẋ=58.79 kWh.) with a median corrected through 
the software Crystal Ball (10,000 repetitions) of 61.94 kWh. (Type A in Fig.  V.10). Meanwhile for Type 
B Households –five inhabitants-, the monthly average estimated electricity consumption per 
household in La Pila is 94.51 kWh. (ẋ=98.46 kWh.) with a median corrected through the software 
Crystal Ball (10,000 repetitions) of 83.54 kWh. (Type B in Fig.  V.10 ). Household that are Type C –
households with six or more inhabitants-, the monthly average estimated water consumption per 
household in La Pila is 126.66 kWh. (ẋ=100.65 kWh.) with a median corrected through the software 
Crystal Ball (10,000 repetitions) of 117.81 kWh. (Type C in Fig.  V.10). 

                                                             

57 See Appendix C: Table C.26. Estimated Gas Consumption per Capita in Type A Households (Kg.).  
Table C.27. Estimated Gas Consumption per Capita in Type B Households (Kg.).  Table C.28. Estimated Gas 
Consumption per Capita in Type C Households (Kg.).  
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Fig.  V.10. Fuel in Households: Estimated Electricity Consumption per Household Type in La Pila.58 

                                                             

58 See Appendix C: Table C.18. Estimated Electricity Consumption in Type A Households (kWh).  Table 
C.19. Estimated Electricity Consumption in Type B Households (kWh).  Table C.20. Estimated Electricity 
Consumption in Type C Households (kWh).  
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It is observable that the pattern of electrical energy consumption follows a strange pattern. On the 
one hand, the monthly estimated electricity consumption per household type increases according 
to the number of inhabitants. On the other hand, the per capita consumption is higher for small 
households and lower for bigger households, as it can be observed in Table V.9. 

Monthly Estimated Electricity Consumption per Household Type 
 Type A Type B Type C 
 Per Household Per Capita Per Household Per Capita Per Household Per Capita 

Average 74.57 kWh. 20.17 kWh. 94.51 kWh. 18.90 kWh. 126.66 kWh. 17.75 kWh. 

Median 58.79 kWh. 17.65 kWh. 98.46 kWh. 19.69 kWh. 100.65 kWh. 14.37 kWh. 

Table V.9. Monthly Estimated Electricity Consumption per Household Type.59 

Fuel 

In Type A Households -with three or four inhabitants-, the monthly average estimated fuel 
consumption per household in La Pila is 52.94 L.. (ẋ=44.32 L.) with a median corrected through the 
software Crystal Ball (10,000 repetitions) of 50.93 L. (Type A in Fig.  V.11). For Type B Households –
five inhabitants-, the monthly average estimated fuel consumption per household in La Pila is 42.62 
L. (ẋ=44.32 L.) with a median corrected through the software Crystal Ball (10,000 repetitions) of 40.20 

L. (Type B in Fig.  V.11). Finally, households with six or more inhabitants -Type C– exhibit a monthly 
average estimated fuel consumption per household of 24.62 L. (ẋ=0.00 L.) with a median corrected 
through the software Crystal Ball (10,000 repetitions) of 21.03 L. (Type C in Fig.  V.11). In Table VI.8, 
it is observable that the fuel average consumption is higher in smaller households –Type A-. This fact 
shows that families with less inhabitants are spending more fuel resources in transportation. 

Monthly Estimated Fuel Consumption per Household Type 
 Type A Type B Type C 
 Per Household Per Capita Per Household Per Capita Per Household Per Capita 

Average 52.94 L. 14.05 L. 42.62 L. 8.52 L. 24.62 L. 3.79 L. 

Median 44.32 L. 11.08 L. 44.32 L. 8.86 L. 0.00 L. 0.00 L. 

Table V.10. Monthly Estimated Fuel Consumption per Household Type.60 

                                                             

59 See Appendix C: Table C.30. Estimated Electricity Consumption per Capita in Type A Households 
(kWh.).  Table C.31. Estimated Electricity Consumption per Capita in Type B Households (kWh.).  Table C.32. 
Estimated Electricity Consumption per Capita in Type C Households (kWh.).  

60 See Appendix C: Table C.34. Estimated Fuel Consumption per Capita in Type A Households (L.).  
Table C.35. Estimated Fuel Consumption per Capita in Type B Households (L.).  Table C.36. Estimated Fuel 
Consumption per Capita in Type C Households (L.).  
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Fig.  V.11. Fuel in Households: Estimated Fuel Consumption per Household Type in La Pila.61 

                                                             

61 See Appendix C: Table C.22. Estimated Fuel Consumption in Type A Households in La Pila (L.). Table 
C.23. Estimated Fuel Consumption in Type B Households in La Pila (L.). Table C.24. Estimated Fuel 
Consumption in Type C Households in La Pila (L.).  
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A household analysis 

Gas and Electricity 

A five-member family in La Pila consumes around 6.89 kilograms of gas per month, which represents 
MXN 140.00 –about EUR 5.95-. However, for households in La Pila, this represents the highest 
investment, as gas is considered as an expensive commodity. Therefore, to avoid spending that much 
money in gas to cook or boil water for showering, families usually burn firewood that they collect 
from the surroundings.  

Checking electricity consumption rates, it was discovered that people consume around 100.65 kWh 
per month, with a monetary expense of MXN 200.00 –about EUR 8.51- (Fig.  V.12). It is central to 
observe that more than 75% of the households interviewed do not have high-energy consumption  
appliances, such as computers, and microwaves.  

 
Fig.  V.12. Energy in La Pila: A Household Analysis.  

Fuel 

In the energy use for transportation, people usually have a fixed budget to buy the fuel, and if they 
need more fuel, they wait until the next week in order to avoid exceeding the budget planed for fuel, 
as a mean of protecting their personal economy. 
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Fig.  V.13. Energy (Transport) in La Pila: A Household Analysis.  

In the case of fuels, the household example consumes 44.32 L. of fuel within a month, which means 
a monetary expenditure of MXN 800.00 –EUR 34.04-, traduced in a 13.33% of the households’ income. 
Moreover, it was observed, that only a 57.5% of the households interviewed own a car or a motorcycle 
that requires a monthly expenditure in fuel.  The distances that most people travels are within a five-
kilometer ratio, because most inhabitants are worker at the industrial zone Parque Tres Naciones. It 
was appreciated, that car owners travel more often to SLP. 

Fuel used by buses is not taken into account for this calculations, but it was interesting to observe 
that households wait up to two months to go to the downtown area in SLP, as they consider that the 
round-trip –MXN 18.0062-, represents a very high expenditure, especially if the whole family is 
traveling. In the case of a five-member family, this is equal to MXN 90.00 –EUR 3.82- per round-trip 
ticket. This is something important to consider, as families who own a car, spend less money on 
transportation, but consume more fuel. The paradox is that if people have more money to buy a car, 
they will be able to travel more often, consuming more resources, producing more emissions and 
increasing the unsustainability of the resource’s metabolism. 

                                                             

62 Less than one euro. 
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It was appreciated, that the household analyzed spends half of an average household in gas. 
However, the household analyzed spends the double than the average household in electrical 
energy, with a monthly consumption of 100.65 kWh. Finally, the household analyzed spends about 
44.32 L. of fuel per month, which is the fuel consumption for an average household (Table V.11 and 
Table V.12). 

Monthly Monetary Expenditure 

 Average Median Household 
Water MXN 230.23 MXN 175.00 MXN 120.00 

Energy    
   Gas MXN 281.16 MXN 252.50 MXN 140.00 
   Electrical Energy MXN 96.03 MXN 136.92 MXN 200.00 
   Fuel MXN 780.00 MXN 800.00 MXN 800.00 

Food MXN 6178.97 MXN 6421.83 MXN 3200.00 

Table V.11. Monthly Monetary Expenditure.  

Monthly Resource Expenditure 

 Average Median Household 
Water 17 890 L. 11000 L. 8000 L. 

Energy    
   Gas 13.82 Kg. 12.42 Kg. 6.89 Kg. 
   Electrical Energy 92.77 kWh. 84.40 kWh. 100.65 kWh. 
   Fuel 43.21 L. 44.32 L. 44.32 L. 
Food 6178.97 MXN 6421.83 MXN 3200.00 MXN 

Table V.12. Monthly Resource Expenditure.  

V.1.3. Food Consumption in La Pila 

The food flux was complex to analyze, as it is really hard to understand the nutritional habits 
that a person has in a 45-minute interview that includes other topics. However, it was easier to 
understand the important role that food plays in the households income expenditure. Therefore, 
data for food are available with a monetary value in MXN63. 

Households Total Consumption 

When interviewees were asked how much they do spend on food within a month, it was observable 
that a big percentage of the income is spend on food. Households spend an average of 59% of their 
income in food as observed in Fig.  V.14. In such figure, it can be observed a peak of almost 90%, 
which must be critically used in further assumptions, as its reliability might not be accurate. However, 
the data is presented as it was gathered. This represents an economical and a nutritional problem as 
well. In addition the monthly estimated average expenditure in food per household is MXN 3,586.80 
(ẋ=3,800.00), while the per capita average is MXN 760.45 (ẋ=762.50) as observed in Table V.13. 

                                                             

63 During this study a standard Exchange rate of MXN 1=EUR 23.50 was used. 
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Fig.  V.14.  How much money do households spend on Food?  
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Monthly Estimated Food Expenditure per Household in La Pila 

 Per Household Per Capita 

Average MXN 3,586.80 MXN 760.45 

Median MXN 3,800.00 MXN 762.50 

Table V.13. Monthly Estimated Food Expenditure per Household in La Pila.64 

Household A-B-C Types Consumption 

In Type A Households -with three or four inhabitants-, the monthly average food expenditure per 
household in La Pila is MXN 2,900.00 (ẋ=MXN 2,900.00) (Type A in Table V.14). For Type B Households 
–five inhabitants-, the monthly average expenditure in food per household in La Pila is MXN 4,066.31 
(ẋ=MXN 4066.00) (Type B in Table V.14). Finally, households with six or more inhabitants -Type C– 
exhibit a monthly average food expenditure per household of MXN 4,267.78 (ẋ=MXN 4,270.00) (Type 
C in Table V.14). It is observable that the expenditure in food is higher in bigger households; 
however, when looking at per capita data, Type B Households exhibit the highest expenditure in 
food. Such households are spending around MXN 27.10 (a little bit more than EUR 1) in food per 
capita per day. 

Monthly Estimated Food Expenditure per Household Type 

 Type A Type B Type C 

 Per Household Per Capita Per Household Per Capita Per Household Per Capita 

Average MXN 2,900.00 MXN 775.46 MXN 4,066.31 MXN 813.26 MXN 4,267.78 MXN 654.14 

Median MXN 2,900.00 MXN 725.00 MXN 4,066.00 MXN 813.20 MXN 4,270.00 MXN 685.71 

Table V.14. Monthly Estimated Food Expenditure per Household Type.65 

In La Pila, households do not produce their own food, but they prefer to buy it in the weakly markets 
–every Saturday and Sunday-, and convenience stores, rather than in supermarkets. Something 
interesting about the food supply is that convenience stores and markets get their items in Central 
de Abastos –the biggest market in MZSLP-, which is supplied by SLP’s producers, as well as other 
states from Mexico, and sometimes USA producers. 

A 50% of La Pila’s inhabitants buy their fruit and vegetables crops in groceries stores (50%), which are 
often managed by people from San Luis Potosi’s city. When people working on these stores were 
interviewed, they said that they did not own the store, but that they were working there everyday. A 
curious data obtained with this information is that there is also an energy flux between San Luis 
Potosi and the community, caused by the energy expenditure in transportation of people who does 
not live in La Pila, but that work there everyday.  

                                                             

64 See Appendix C: Table C.37. Estimated Food Expenditure per Household and per Capita in La Pila.  
65 See Appendix C: Table C.38. Estimated Food Expenditure in Type A Households.  Table C.39. 

Estimated Food Expenditure in Type B Households.  Table C.40. Estimated Food Expenditure in Type C 
Households.  
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On second place, the weekly markets -which are usually settled on the main street during Saturdays 
and Sundays mornings)-, are the second favorite place to acquire food (45%). Finally, supermarkets 
play also an important role, despite the fact that they are not so visited by inhabitants. The reason to 
this phenomenon is that people who lives in La Pila and has a car, are usually able to travel to the city 
and get food and other goods from the downtown area of San Luis Potosi, which according to the 
community’s inhabitants, are cheaper and have a better quality (Fig.  V.15).  

Moreover, just a 18% of the households consumes 4 Kg. of meat within a month, while only a 13% of 
the households consumes 3 Kg. of meat per month. A 35% of the households consumes around 2 Kg, 
followed by a 32% of the households, who consume 1 Kg. per month. 

 
Fig.  V.15. Food: Others. 1) Where do you buy your food?; and 2) Monthly meat consumption per household.  

Finally, the study revealed that only a 2% of the households were not consuming meat at all (Monthly 
Meat Consumption per Household in Fig.  V.15). The data revealed that banana (22%), apples (17%) 
and oranges (16%) are the most consumed fruit crops in La Pila. Meanwhile, the most consumed 
vegetable crops are chili (20%), tomatoes (14%) and carrot (14%) (Fig.  V.16). 
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Fig.  V.16. Food: Crops. 1) The most consumed fruit crops; and 2) The most consumed vegetable crops.  

A household analysis 

The household under analysis consumes an average of MXN 3200.00 within a month –EUR 136.17-, 
which is usually spent on local markets and convenience stores. It was observed, that most families 
go to the transitory local markets on Saturdays and Sundays (Fig.  V.17). We asked the household 
how many times per day they eat, and the answer was four, however, two of them include only milk.  
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Fig.  V.17. Food in La Pila: A Household Analysis.  

A regular diet in La Pila considers eating at 7:00, 11:00, 15:00 and 20:00. The interviewee told us that 
before going to school children usually drink a shake or cereal, and then at school they have a lunch 
at a11:00 in which they eat normally tacos or tortas, filled with eggs, beans, jam, and cheese. After 
that, the families eat at 15.00 mostly rice, beans, vegetables and sometimes meat. At night, around 
20.00, before going to sleep inhabitants drink only milk or yogurt. It is important to consider that this 
behavior can be only during the week, but it provides insights of which food supplies are the most 
demanded within the community, and which suppliers are important to the household’s metabolism. 

Monthly Monetary Expenditure 

 Average Median Household 
Water MXN 230.23 MXN 175.00 MXN 120.00 

Energy    
   Gas MXN 281.16 MXN 252.50 MXN 140.00 
   Electrical Energy MXN 96.03 MXN 136.92 MXN 200.00 
   Fuel MXN 780.00 MXN 800.00 MXN 800.00 

Food MXN 6178.97 MXN 6421.83 MXN 3200.00 

Table V.15. Monthly Monetary Expenditure.  
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The household’s monthly resources expenditure represents the 53.33% of their income, and it is 
located below the average households as observed in Table V.15 and in Table V.16. 

Monthly Resource Expenditure 

 Average Median Household 

Water 17 890 L. 11000 L. 8000 L. 

Energy    
   Gas 13.82 Kg. 12.42 Kg. 6.89 Kg. 
   Electrical Energy 92.77 kWh. 84.40 kWh. 100.65 kWh. 
   Fuel 43.21 L. 44.32 L. 44.32 L. 

Food 6178.97 MXN 6421.83 MXN 3200.00 MXN 

Table V.16. Monthly Resource Expenditure.  

 

V.2. Water-Energy-Food Metabolism through the Analysis of the System’s Supply and 
the System Itself 

After analyzing the system’s supply, we can appreciate the inflows going through the 
different household types (A, B & C) - average and median-, per household (Fig.  V.18 and Fig.  V.19) 
and per capita (Fig.  V.20 and Fig.  V.21)66. 

It was observable during this fluxes analysis that when people do not have access to the resources 
through the traditional source, they try to find another way to supply the resource for the household. 
Sometimes, these practices result in higher costs. For example, people can spend up to MXN 300.00 
in candles to illuminate their homes at night. This kind of homes lack electricity, because they live in 
the furthest areas of the community in which electrical energy infrastructure has not arrived. 

It can also be appreciated that the water inflow through carboys is minimum in comparison to the 
tap water inflow. However, in the per capita diagrams (Fig.  V.20 and Fig.  V.21), it is observable that 
the per capita consumption is lower in the Type C. 

This diagrams of the inflows should be completed with outflows information in order to provide 
better insights on how the urban metabolism within the households and the community is. 

                                                             

66 The fluxes diagrams information comes from Table V.2. Monthly Estimated Water Consumption per 
Household Type. Table V.8. Monthly Estimated Gas Consumption per Household Type. Table V.9. Monthly 
Estimated Electricity Consumption per Household Type. Table V.10. Monthly Estimated Fuel Consumption per 
Household Type. Table V.14. Monthly Estimated Food Expenditure per Household Type. 
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Fig.  V.18. Urban Metabolism: Average Resources Consumption per Household.  
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Fig.  V.19. Urban Metabolism: Median Resources Consumption per Household.  
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Fig.  V.20. Urban Metabolism: Average Resources Consumption per Capita.  
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Fig.  V.21. Urban Metabolism: Average Resources Consumption per Capita.  
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Closing Remarks 

In this chapter, the urban metabolism of La Pila was analyzed through the data gathered from 
the resources –Water, Energy and Food- consumption. In order to achieve this, a total of 40 
households were interviewed during the months of April and May 2018. A better context of how 
resources are consumed through three scales -1) Households Total Consumption; 2) Household A-B-
C Types Consumption; and 3) A Household Analysis- in order to improve the understanding of how 
resources flow in households. Moreover, the per capita resources consumption was also presented 
in order to obtain liters of water consumed per person per day (L/person/day). Later, in A Household 
Analysis, a household analysis was presented as a mean to provide insights into how households’ 
acquire, consume and excrete resources: Water, Energy and Food. 

Finally, in the last part Water-Energy-Food Metabolism through the Analysis of the System’s Supply and 
the System Itself, the metabolism of the households was analyzed and discussed considering the 
whole sources for Water, Energy and Food. 
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Chapter VI  
USES Resilience Assessment based on Metabolism 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Hazards and vulnerabilities should not be displaced to future generations or to those 
elsewhere who lack power or access to environmentally significant decision-making 
processes.” 

  

(Pickett et al., 2014) 
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VI. USES Resilience Assessment based on Metabolism 

In this chapter, resilience of La Pila is finally assessed through the metabolism analysis. In order 
to assess how resilient is La Pila, we first need to know ‘to what challenges’ it should be resilient. 
Therefore, in the first part of this chapter –Hazards to La Pila-, hazards that affect the system’s supply 
and the system itself are found, as a result of having analyzed the metabolism of households in La 
Pila. 

After that, hazards are evaluated and converted to simple risks, in order to describe main risks to the 
supply’s system and the system itself in Risk Assessment in La Pila. Finally, in Urban Resilience in La Pila, 
using the resilient qualities, according to the UR definition, general conclusions about how resilient 
is the USES under study -La Pila-, are drawn (Fig.  VI.1). 

 
Fig.  VI.1. USES Resilience Assessment based on the Metabolism. 
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VI.1. Hazards to La Pila 

As the USES of La Pila is a complex entity, -conformed by the social, ecological, economic and 
political dimensions, hazards are organized according to the four dimensions and in relation to the 
inflow: Water, Energy and Food. After that, hazards to the system in general that are related to 
people’s resilience are organized with the same structure. The questions that drove the research were 
focused on the most important metabolic processes within the households (Fig.  VI.2). In this part of 
the interviews, the aim was not to measure the stocks nor the outflows, but rather have a better 
insight on hazards to the system itself, that are hardly appreciated with the Black Box Accounting 
Methodology. 

 
Fig.  VI.2. Metabolic Processes in Households.  

Identified hazards are divided, for the purpose of this study, in two sections. The first part is about 
hazards to the system’s supply. It is central to consider which hazards can influence the inflows, as a 
mean to find vulnerabilities in such an important part of the USES. Meanwhile, on the second part, 
hazards having an impact on the whole system are described. These hazards are important because 
they allow to have a look at the coping capacities, adaptive capacities and resilient strategies that are 
already being implemented by the households, but that might not be the most efficient or practical.  



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 164 of 250 

 

VI.1.1. Hazards to the System’s Supply 

 In this section, hazards to the system’s supply are identified according to the literature review 
and the analysis of the households’ inflows. Therefore, hazards are defined through the Water, Energy 
and Food inflows, and generalized for the whole USES in order to provide insights of La Pila’s 
challenges. After that, a matrix of hazards to the system’s supply is provided. 

VI.1.1.1. Water Hazards 

Despite the fact, that there is water supply and wastewater infrastructure for the majority of 
the houses, inhabitants of ‘La Pila’ employ water management practices that some would describe 
as underdeveloped (Penn, Loring and Schnabel, 2017), such as gathering water from rainfall and 
storing it in plastic trash-cans or aluminum containers. Only a 25% of the households interviewed has 
guaranteed access to pressurized water distribution everyday, and 58% of the households do not 
have access to water from two to three days per week  (Fig.  VI.3). Most homes that are far from the 
downtown area are the ones that do not have water supply at all due to the lack of infrastructure, as 
observe through the participatory mapping.  

According to the interviews, a 17% tries to collect rainwater and store it in bins. Such water is used 
for cooking, personal needs, cleaning, and it is the source of drinking water. Additionally, a 25% of 
the inhabitant interviewed recycle water used for the laundry to clean floors or water plants. As a 
result, it is observable that in this community, limited access to sufficient clean water is a very 
significant problem, as it is also a threat to inhabitants’ health. Although, only a 15% perceives a bad 
quality in water (Fig.  VI.3). 

Additionally, to the increasing water insecurity, especially during summer –according to the 
testimonies-, La Pila could not be able to satisfy its water supply needs in a near future. This is because 
of the evolution of urban settlements that accelerates the water extraction. According to Kennedy et 
al. (2007), this can be seen in the ‘settlements timeline’: At the beginning, settlements get water from 
shallow urban wells and boreholes, while wastewater and drainage waters are discharged to the 
ground or a watercourse. However, as the urban area grows on population, extraction increases and 
deeper wells are drilled, which results in water overexploitation (C. Kennedy, Cuddihy and Engel-Yan, 
2007). After that, the city becomes dependent on periurban well fields or water imports from distant 
sources, which is what is already happening in the MZSLP. Despite the fact that the MZSLP is not 
relying on La Pila’s water resources yet, it is undeniable that it might be a matter of time. 

Moreover, water security is also threaten by continuous population growth due to migration and 
urban growth, as the demand of such a vital resource increases exponentially throughout the years. 
What is more, not only urban growth is a challenge to solve, but also industrial growth, as industries 
consume the majority of water resources in MZSLP.  
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Fig.  VI.3. Water accessibility. 1) Days per week without water; 2) Water access; 3) Rainwater collection; 4) Water recycling; 5) 

Water quality; 6)Is water expensive; and 7) Households strategies to access water. Source: Alicia Cisneros, 2018. 
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As La Pila, is located in the surroundings of the industrial zone, the demand of the resources increases, 
and because of the importance of the industrial sector in SLP, industry is favorited over peri-urban 
communities. Finally, when households were asked if they considered that water was expensive, only 
a 27% answered that they considered water an expensive good. It was observed, that such 
households had different sources for the water inflow, such as wells, water-trucking assistance and 
the regular services from Interapas. 

VI.1.1.2. Energy Hazards 

 As a result of the interviews and the energy inflows analysis, it was observed that only a 80% 
has a guaranteed access to electricity. Moreover, a 47% of the interviews considers that electricity is 
an expensive good (Fig.  VI.4). Because poverty is a major problem in La Pila, people searches cheaper 
solutions that reduce the gas consumption such a burning firewood to cook or heat water for 
showers. The main consequence of these practices are the emissions generated that constitute at the 
same time, a threat to people’s health. 

 
Fig.  VI.4. Energy: Electricity. 1) Electricity access; 2) Is electricity expensive?; 3) Air quality; and 4) Environmental changes. 

Source: Alicia Cisneros, 2018. 
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Another hazard for energy’s supply is linked to the political arena. In La Pila, the regulations related 
to schools’ designs does not allow the implementation of photovoltaic cells, which must be changed 
if resilience must be achieved. Additionally, energy is only provided by CFE. Therefore, electricity 
supply depends on the same source, which means that there are not other energy alternatives if the 
service is under disturbance.  

It was also observed that there is only one fuel station in La Pila , which if the demand increases might 
be a potential hazard for social and economic reasons. Socially, because the demand of the resource 
might increase, but economical also because the prices might rise. Finally, a non-potential but 
existent hazard is people going to social conflict against their neighbors to get the resources, as it 
has happened in Mexican cities, when fuel scarce before the prices rise. However, this is only through 
for few households in La Pila, as the majority do not own a car.  

VI.1.1.3. Food Hazards 

 The major challenge to the households’ food inflow relies on the food supply from La Pila, as 
they completely depend on the food that is brought from SLP. The main reason to this, is that La Pila’s 
inhabitants do not produce food, as they are involved in industrial-related activities (It was observed 
that the majority of the household’s adults are workers in the industrial zone of the MZSLP). In 
addition, it is cheaper to buy supplies within the community, because of the buses’ prices. However, 
the main risk on the flow is that if food availability decreases in SLP, the most affected might be peri-
urban areas because they are located further than city’s inhabitants are.  

Another indirect hazard that might require observation in further researches but that is not 
considered here is related to soil contamination, and therefore crops contamination, as a result of the 
industrial activities –including the wastewater required to realized them-, that are currently taking 
place in MZSLP. However, as the literature review did not cover this part, we cannot consider it yet as 
a hazard. 

VI.1.1.4. Hazards Categorization to the System’s Supply 

 In the following matrix, the most important hazards found in the Water, Food and Energy 
System’s Supply are described. It is important to consider for this table, that hazards related to the 
community’s supply are also taken into account, as they also form part of the resources inflows. In 
order to ease their identification, the four dimensions –ecological, social, economic and political-, 
were used as a guide according to the methodology used for this research (Table VI.1). 

According to the interviews, the majority of the hazards to the system’s supply are in the water 
inflows. However, this might be possible because of the extended literature available and the 
generalized complains about water supply during the interviews. However, it cannot be discarded 
that other hazards for energy and food not identified, might be also taking part in La Pila’s dynamics. 
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Hazards to the System’s Supply 

Dimension Water Energy Food 

Ecological 

*Water extraction from deeper 
wells accelerates the 
appearance of faults. 

*No alternative sources for 
electrical energy, but fossil fuels. 

 

*Water overexploitation   

Social 

*Water Insecurity. *A 20% of La Pila inhabitants 
does not have access to 
electricity. 

*Inhabitants depend 
completely on food suppliers 
that bring food from SLP 
(Mercado de Abastos). 

*Population Growth. *There is only one fuel station in 
La Pila. 

 

*Migration.   
*Urban Growth.   

Economic 
*Industrial Growth reduces 
available Water Resource. 

*Burning of firewood is still very 
common within the community, 
because of the gas costs. 

*Inhabitants need to buy their 
supplies in La Pila as going to 
SLP is more expensive. 

Political 
 

*Lack of governmental budget 
to connect households to water 
and sewage services. 

*In the case of the primary 
school, laws and regulations do 
not permit the use of solar 
panels. 

 

*El Realito supplies a big 
percentage of SLP’s households. 
Despite the fact it passes next to 
La Pila, it does not supply this 
community. 

*Lack of governmental budget 
to connect households to 
electricity services. 

 

*La Pila is the last part of the 
metropolitan area in the water 
supply infrastructure. 

*CFE is the only electrical energy 
provider. 

 

Table VI.1. Hazards to the System’s Supply.  

VI.1.2. Hazards to the System 

 In this section, hazards to the system are identified according to the literature review and the 
analysis of the households’ metabolic processes. Therefore, hazards are defined through the Water, 
Energy and Food metabolic processes. After that, a matrix of hazards to the system in general is 
provided. 

VI.1.2.1. Water Hazards 

Most water hazards to the households and the community in general can be found in the 
households’ water consumption practices, as it was observed that only the 77% of the interviewees 
consume water from carboys. The rest boils tap water in order to use it as drinking water. Moreover, 
it was appreciated that a 62% of the interviewees have access to a WC, followed by a 33% who have 
two bathrooms and a 3% who have three bathroom. However, it was also found that a 2% of the 
inhabitants do not have access to a WC (WC Access in Fig.  VI.11). What is more, only a 20% of the 
households has access to a sink, as most inhabitants wash dishes in barrels or buckets. This practice 
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can rise health problems because of the possible contamination of such a vital liquid. It was also 
found, that the majority of the households, brush their teeth twice or three times per day. It is 
important to notice that most people uses tap water for brushing teeth, because in case the water 
source is contaminated, inhabitants will ingest the pollutants directly. 

 
Fig.  VI.5. Water: Hygiene Habits. 1) The water that the community drinks; 2) Tooth brushing; 3) Showers per week; and 4) Dish 

washing.  

Finally, other water-related problems having an impact on the households are related to drainage 
and floods. It was observed, that a 20% of the interviewed households did not have access to 
drainage, and were using septic tanks, or were sharing the infrastructure with their neighbors. Only 
a 12.5% of La Pila interviewees said to have had problems with the drainage, and a 30% has had 
problems with intense rain, as their homes get flooded because of it. However, inhabitants observed 
that the infrastructure problems were worse some years ago, as the street Arroyo Hondo, which is 
still a small stream, used to get flooded easily interrupting the community’s mobility (Fig.  VI.6).  
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Fig.  VI.6. Water-related problems. 1) Drainage access; 2) Drainage problems; and 3) Floods caused by rain.  

VI.1.2.2. Energy Hazards 

Money spent to cover the energy supply represents a high percentage of household’s 
income: As we can see in Fig.  VI.8¡Error! No se encuentra el origen de la referencia., a 92% of 
people uses gas to cook, which is considered as an expensive good. According to some people 
interviewed, they sometimes cannot afford gas, which makes them opt for cheaper energy sources, 
such as firewood. Even if the percentage of people using firewood is low, this is also related to a 
health hazard -pulmonary diseases- that can have a negative impact on more households. 

Moreover, it is observed that inhabitants do not have all the household appliances that are often used 
within cities. For example, the case of appliances with a high-energy consumption, such as fridges 
and computers. It can be appreciated that only a 10% of the households interviewed have a 
computer, while only a 85% of them own a fridge. A very small part of the households –a 30%- has a 
microwave. Moreover, a 77% of the interviewees own a washing machine. However, it was observed 
that only a 12% does not own a TV (Fig.  VI.7). 

Although, most inhabitants use gas as energy for cooking, it is observable that a 5% of interviewees 
uses also firewood, which increases the propensity of pulmonary illnesses. Moreover, the use of 
firewood is also very popular when boiling water for showers, as only a 15% have access to a heater. 
Meanwhile, a 50% of the households uses gas through the stove to heat water, followed by a 35% of 
inhabitants who prefer to use firewood to heat water for showers. Additionally, gas is considered as 
the most expensive good by the majority of the households –the 82% of the interviewees-, as 
observed in Fig.  VI.8. 
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Fig.  VI.7. Household appliances. 1) Spotlights per household; 2) Computers; 3) Microwave; 4) Fridge; 5) Radios; 6) Washing 

machines; and 7) TV.  
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Fig.  VI.8. Energy: Gas. 1) Energy used for Cooking; 2) Do you shower with hot water?; 3) Hoe do you heat water?; 4) Is gas 

expensive? Source: Alicia Cisneros, 2018. 

According to Fig.  VI.4, only 50% of the interviewees considered that the air quality was good, 
followed by a 45% that considered that air quality was bad, whereas a 5% considered that air quality 
was regular. Moreover, only a 42% has perceived detrimental environmental changes within the 
community. 

Finally, the industrial growth demands every time more and more electrical energy from the MZSLP, 
which might also constitute a hazard for the community’s access to electrical energy. 

VI.1.2.3. Food Hazards 

 The main hazards in the food metabolism within the households are related to 
unappropriated diets, which are the result of a poor health education and information. What is more, 
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inhabitants are not only dealing with unbalanced diets, but also the lack of public spaces to exercise. 
Some interviewees commented that they used to practice outdoor activities everyday, however, 
because of the insecurity and vandalism they stopped going out during the evenings. 

Another hazard for the food metabolism is the households’ income, as money spent to cover the food 
supply represents most of it, which makes them buy less food due to the continuous rising on the 
prices (Fig.  VI.9).  

Hazards to food that can arise from the ecological dimension are the use of pesticides, possible 
contamination of Hg because of mining practices in the past, and therefore contaminated crops. 
However, as this research did not focus on those hazards, it is highly recommended to integrate such 
data in further research. 

 
Fig.  VI.9. Average Expenditure: Estimated average expenditure per Household in La Pila (%).  

Fortunately, there are some strengths found in the food system, such as the organic waste reuse, 
which is used to feed animals, mostly pigs. In this context, further research might demand what and 
which quantity of waste food are the animals eating and if there is a risk that such food might be 
contaminated in order to avoid bio-accumulation and or bio-magnification. Moreover, waste is 
usually collected one or two times per week –according to the zone of residence and is usually 
Thursdays or Mondays and Thursdays-, by a governmental garbage collection system. Additionally, 
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it was observed, that a 50% of the interviewees recycle PET and aluminum, usually to sell and get an 
extra income (Fig.  VI.10). 

 
Fig.  VI.10. Food: Waste disposal. 1) Do you recycle waste?; 2) Do you separate garbage; 3) Garbage collection system; and 4) 

Organic waste for animals. 

VI.1.2.4. Other Hazards  

In addition to the hazards already mentioned, we should not forget that because of its 
proximity to the industrial zone, La Pila is very vulnerable to chemical and technological hazards due 
to the storage of toxic substances needed in the industry. According to (2009), La Pila has bigger risks 
than the city of San Luis Potosi, because of its closeness to the industrial zone. In addition, the industry 
plays a major role in San Luis Potosi’s development, as it has been observed that “obsolete factories 
have often closed down, leaving behind contaminated soil and groundwater” (C. Kennedy, Cuddihy 
and Engel-Yan, 2007). 



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 175 of 250 

 

The industry also plays a major role regarding the city’s growth. When an industrial zone grows, 
people who work there tend to move to closer areas. It has been observed by Laboratorio Casa Viva, 
that some of the big construction enterprises are already thinking about buying fields from La Pila 
inhabitants in order to build houses for the industry workers. Considering that inhabitants from this 
community spend most of their income in Food and Access to Basic Services –including those related 
to Water and Energy- (Fig.  VI.9), it is easy to believe that they will be willing to sell a part of their 
property, which in 40% of the households interviewed, exceeds the 150 m2. Moreover, a 90% of the 
households own their house, which makes even easier for enterprises to buy their houses in change 
of an unfair price (Fig.  VI.11). 

 
Fig.  VI.11. House Characteristics. 1) House area; 2) House Ownership; 3) WC Access; 4) Rooms per House; and 5) Government 

Support.  
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Fig.  VI.12. Access to Services. Access to Basic Services: 1) Energy used to cook; 2) Water access; 3) Electricity access; and 4) 
Drainage access. Communication Services: 1) Phone access; 2) Internet access; and 3) Mobile phones within a household.  
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VI.1.2.5. Hazards Categorization to the System 

 In the following matrix, descriptions of the important hazards found in the Water, Food and 
Energy metabolic process within the households –and generalized to the community-, can be found. 
The matrix displays the hazards organized in the four dimensions –ecological, social, economical, and 
political-. In addition, the health dimension was added, because even if the hazard is related to the 
other dimensions, it is hard to identify a unique arena, from which actions should be taken to react 
the hazard. Because of the social-economical characteristics of La Pila, most hazards are linked to 
poverty, resources unequitable distribution and social backwardness (Table VI.2). 

Hazards in the System 
Dimension Water Energy Food 

Ecological *Floods. *Air pollution caused by the 
burning of firewood.  

*Use of pesticides. 

*Water pollution due to floods. *Decreasing air quality. *Possible contamination of Hg. 

*Pollution caused by industry.  *Contaminated crops. 

Social *Loss or damage of personal 
property due to floods. 

*Insecurity increases the energy 
consumption during the night. 

*Not balanced diets due to lack 
of education and information. 

  *Insecurity and vandalism 
discourage outdoor activities. 

Economic *Money spent to cover the water 
supply represents a 
considerable percentage of 
household’s income. 

*Money spent to cover the 
energy supply represents a 
considerable percentage of 
household’s income. 

*Money spent to cover the 
food supply represents most of 
the of household’s income. 

*Ageing infrastructure. *Failures in infrastructure. *Continuous rising on the 
prices. 

*Lack of budget to install a 
cistern. 

  

Political *Industrial Growth. *Industrial Growth. *Industrial Growth. 

Health *Stomach diseases caused by 
drinking tap water. 

*Possible pulmonary diseases 
caused by the burning of 
firewood. 

*Inappropriate diets. 

*A 20% of the interviewed 
households does not have 
access to drainage. 

 *Lack of public spaces to 
exercise 

*A 2% of the interviewees does 
not have access to WC. 

  

*A 80% of the interviewees 
washes dishes in barrels or 
buckets. 

  

Table VI.2. Hazards in the System.  
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VI.2. Risk Assessment in La Pila 

 In this section, risk is assessed based on the previous identified hazards. In order to provide 
an insight of how resilient is La Pila regarding the USES’s supply and the USES itself, risks coming from 
the Water, Energy and Food system’s supply are first analyzed. After that, risks concerning the whole 
USES, due to the complicatedness of breaking down some problems. 

VI.2.1. Risk in the System’s Supply 

 The risks that threaten the system’s supply can come from several dimensions: ecological 
social, economic, and political. In this part, we define risks for water, energy and food, depending on 
their frequency and severity. 

VI.2.1.1. Water 

 As it can be observed in Table VI.3, the highest water-related risks for the system’s supply, 
include the lack of governmental budget to connect households to water and sewage services, as 
well as the fact that La Pila is the last part of the metropolitan are in the water supply infrastructure . 

Risk in the System’s Supply: Assessing Water Hazards 

Dimension Water Frequency67 Severity68 Hierarchy69 
(Exposure) 

Risk70 

Ecological Water extraction from deeper wells 
accelerates the appearance of faults. 

D III High Medium 

Water overexploitation C III Medium Medium 
Social Water Insecurity. E II High Medium 

Population Growth. D I Low Low 
Migration. D I Low Low 
Urban Growth. E I Medium Medium 

Economic Industrial Growth reduces available Water 
Resource. 

D I Low Low 

Political Lack of governmental budget to connect 
households to water and sewage services. 

E III Severe High 

El Realito supplies a big percentage of SLP’s 
households. Despite the fact it passes next to 
La Pila, it does not supply this community. 

E II High Medium 

La Pila is the last part of the metropolitan area 
in the water supply infrastructure. 

E III Severe High 

Table VI.3. Risk in the System’s Supply: Assessing Water Hazards.  

                                                             

67 See Table III.12. Hazards Frequency. Source: (Secretaría del Trabajo y Previsión Social, 2011). 
68 See Table III.13. Hazards Severity. Source: (Secretaría del Trabajo y Previsión Social, 2011). 
69 See Table III.14. Risk Hierarchy. Source: (Secretaría del Trabajo y Previsión Social, 2011). 
70 See Table III.15. Risk Description. Source: (Secretaría del Trabajo y Previsión Social, 2011). 
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Hierarchized as medium we can find he risks related to water overexploitation, the appearance of 
faults, water insecurity, and the growing industrial water consumption. Moreover, the fact of La Pila 
being the last part in the supply infrastructure is also a medium risk. They were classified as medium 
risks, because even if their exposure was high, it is not as urgent as providing the water accessibility 
to the whole community. 

Finally, low risks consider the industrial –economic dimension-, population growth and the migration 
–social dimension-, because even though their frequency, they have not so strong severity 
consequences. However, despite the result provided by the matrix, it is important to reflect on how 
urban growth, and industrial growth could provide a resilience strategy to deal with change and 
satisfy everybody’s needs. 

VI.2.1.2. Energy 

 Energy-related risk is medium and low for the system’s supply. Medium risks found are that 
there are no alternative sources for electrical energy, -such as photovoltaic cells or solar water-
heating systems-, there is only one fuel source in the area of La Pila, the continuous rise in the cost of 
fuel that has an impact on households’ budgets, and the lack of governmental budget to connect 
households to electricity services (Table VI.4). 

Risk in the System’s Supply: Assessing Energy Hazards 
Dimension Energy Frequency Severity Hierarchy 

(Exposure) 
Risk 

Ecological No alternative sources for electrical energy, but 
fossil fuels. 

E I Medium Medium 

Social A 20% of La Pila inhabitants does not have access 
to electricity. 

B III Low Low 

There is only one fuel station in La Pila. E I Medium Medium 
Economic Burning of firewood is still very common within 

the community, because of the rise in the cost of 
fossil fuels. 

C III Medium Medium 

Political In the case of the primary school, laws and 
regulations do not permit the use of solar panels. 

A I Minimum Low 

Lack of governmental budget to connect 
households to electricity services. 

D III High Medium 

CFE is the only electrical energy provider. A I Minimum  Low 

Table VI.4. Risk in the System’s Supply: Assessing Energy Hazards.  

Low risks found in the risk assessment was the high inflexibility of regulations and norms that do not 
allow the implementation of environmental technologies in public buildings. Moreover, as CFE is the 
only provider of electrical energy, in case in case of disruption, the community will take a wider period 
of time to recover. Finally, a 20% of La Pila inhabitants does not have access to electricity because 
they live in the furthest points from the community, which leads to insecurity and vandalism in their 
surroundings. 
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VI.2.1.3. Food 

 Risks in the system’s supply regarding the food inflow within the households, are low and 
medium, as it was observed that inhabitants get their food from distributers within La Pila, that –at 
the same time-, get their products from the MZSLP. The main hazard detected is that the inhabitants 
do not produce food, and they are already consuming resources from the rural environment (Table 
VI.5). 

Risk in the System’s Supply: Assessing Food Hazards 

Dimension Food Frequency Severity Hierarchy 
(Exposure) 

Risk 

Social Inhabitants depend completely on food 
suppliers that bring food from SLP (Mercado de 
Abastos). 

E I Medium Medium 

Economic Inhabitants need to buy their supplies in La Pila 
as going to SLP is more expensive. 

C I Minimum Low 

Table VI.5. Risk in the System’s Supply: Assessing Food Hazards.  

VI.2.2. Risk in the System 

 Once hazards were identified for the system, they were assessed using the risk’s matrixes 
provided in the methodological framework in order to assess their frequency and severity and get 
the level of exposure to this hazard, as well as the risk level. The risks that threaten the system’s supply 
can come from several dimensions: ecological social, economic, political and health. In this part, risks 
for water, energy and food, are categorized depending on their frequency and severity. 

VI.2.2.1. Water 

 Water-related risk for the system are several. The highest risk are related to the lack of cistern 
to storage water, and the fact that the households use barrels or buckets to wash the dishes, as they 
do not have access to a sink (Table VI.6). Moreover, medium risks include the water pollution in the 
whole city that can be produced due to the industrial activities, and the industrial growth in ZMSLP 
that is an enhancer for the previous hazards. Moreover, medium risks –related to the health 
dimension- include a 2% of the interviewees, who do not have access to WC, and a 20% of the 
interviewed households does not have access to drainage. 

Further, lots risks from the ecological dimension also include floods, -as well as the material loss that 
they mean-, water pollution due to floods and possible pollution of the wells due to the industrial 
activity. Moreover, low risks linked to the economic dimension are ageing infrastructure and 
monetary loos when households get flooded. Finally, a minor hazard that is present in the system are 
stomach diseases caused by drinking tap water, as it can be observed in the following table. 
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Risk in the System: Assessing Water Hazards 

Dimension Water Frequency Severity Hierarchy 
(Exposure) 

Risk 

Ecological Floods. B III Low Low 
Water pollution due to floods. A III Minimum Low 
Pollution caused by industry. C III Medium Medium 

Social Loss or damage of personal property due to 
floods. 

A II Minimum Low 

Economic Money spent to cover the water supply 
represents a considerable percentage of 
household’s income. 

C I Minimum Low 

Lack of budget to install a cistern. E III Severe High 
Ageing infrastructure. B II Minimum Low 

Political Industrial Growth. E II High Medium 

Health Stomach diseases caused by drinking tap water. B III Low Low 
A 20% of the interviewed households does not 
have access to drainage. 

C IV High Medium 

A 2% of the interviewees does not have access to 
WC. 

B IV Medium Medium 

A 80% of the interviewees washes dishes in 
barrels or buckets. 

E IV Severe Severe 

Table VI.6. Risk in the System: Assessing Water Hazards.  

VI.2.2.2. Energy 

 High energy-related risks come from the economic and the political dimensions, as there are 
current failures in the infrastructure, especially during the summer, which might be linked to the 
industrial growth, which is the sector that consumes –in combination with the commercial sector-, 
up to 80% of the total electrical energy produced in ZMSLP (SENER, 2017) (Fig.  VI.7). 

Risk in the System: Assessing Energy Hazards 
Dimension Energy Frequency Severity Hierarchy 

(Exposure) 
Risk 

Ecological Air pollution caused by the burning of firewood.  A III Minimum Low 
Decreasing air quality. C III Medium Medium 

Social Insecurity increases the energy consumption 
during the night. 

E II High Medium 

Economic Money spent to cover the energy supply 
represents a considerable percentage of 
household’s income. 

C III Medium Medium 

Failures in infrastructure. E III Severe High 

Political Industrial Growth. E III Severe High 
Health Possible pulmonary diseases caused by the 

burning of firewood. 
A IV Low Low 

Table VI.7. Risk in the System: Assessing Energy Hazards.  
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Moreover, medium risks for the system is the increasing use of electrical during the nights, because 
of the poor street lighting and the vandalism. Additionally, households spent a considerable 
percentage of their income in energy, which unbalances sometimes their budget.  

According to the information collected from interviews half of the households, perceived a detriment 
in air quality, which is caused by the burning of firewood when cooking or boiling water and by the 
animals in the neighborhood. In the health dimension, this can also have implications as pulmonary 
diseases might increase, as well as air pollution. 

VI.2.2.3. Food 

 The highest risk for the food system are related to the economic, political and health 
dimensions. On the one hand, the food represent the highest percentage of money spent by 
households. This can also be enhanced by the constant rising of prices in food supplies. Moreover, 
industrial growth reduces agricultural areas in the surrounding, which increases transportation costs 
–and food costs as well-. In this context families follow inappropriate diets that threaten their health 
(Fig.  VI.8). 

Risk in the System: Assessing Food Hazards 

Dimension Food Frequency Severity Hierarchy 
(Exposure) 

Risk 

Ecological Use of pesticides. A III Minimum Low 
Possible contamination of Hg. A IV Low Low 
Contaminated crops. A III Minimum Low 

Social Not balanced diets due to lack of education and 
information. 

E III Severe High 

Insecurity and vandalism discourage outdoor 
activities. 

E II High Medium 

Economic Money spent to cover the food supply 
represents most of the of household’s income. 

E III Severe High 

Continuous rising on the prices. E III Severe High 
Political Industrial Growth. E III Severe High 

Health Inappropriate diets. E IV Severe High 
Lack of public spaces to exercise E II High Medium 

Table VI.8. Risk in the System: Assessing Food Hazards.71 

Other risks related to food metabolism within households are the lack of public spaces to exercise 
and the insecurity, as they enhance bad health habits. From the ecological dimensions, hazards can 
come from contaminated crops or the use of pesticides within La Pila. 

 

                                                             

71 For information regarding the risk calculation, Table III.13. Hazards Severity. Source: (Secretaría del 
Trabajo y Previsión Social, 2011). Table III.14. Risk Hierarchy. Source: (Secretaría del Trabajo y Previsión Social, 
2011). Table III.15. Risk Description. Source: (Secretaría del Trabajo y Previsión Social, 2011). 
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VI.3. Urban Resilience in La Pila 

 Based on the risk assessment’s reflection, urban resilience is assessed first for the system’s 
supply and then, for the system itself, considering the totality of the USES under study and making 
generalized assumptions for the whole community, based on the behavior of the 40 households 
interviewed. 

VI.3.1. Resilience of the System’s Supply 

 The first section describes the resilience of the system’s supply based on the resilient qualities 
–reflectiveness, robustness, redundancy, flexibility, resourcefulness, inclusiveness and integration-, 
proposed in the methodological framework. 

Reflectiveness 

An ever-increasing learning capacity is observed in household’s water supply, as people is already 
making some changes to their houses so that they can be better prepared to water insecurity. Even 
if it is also about robustness, what is central to remark is the learning process that is taking part in the 
community, as a result of the implementation of eco-technologies in the elementary school Francisco 
González Bocanegra72.  

In the energy context, it was appreciated a low reflectiveness, as strategies that are related to 
photovoltaic cells have not been accepted due to political reasons, which are standards and norms, 
that require urgent changes in order to respond to the changing urbanism.  

Additionally, because of such strategies, people is starting to grow some crops as an experiment. 
However, it is observable that inhabitants within La Pila, have already entered in the city’s dynamic 
of consuming more resources than they produce. 

Robustness 

For the households’ water supply, it was observed a low robustness level, as most families do not 
have a water cistern to store water. Although, most families have bought plastic and aluminum 
barrels (500 L. capacity) and buckets to store water, as they already know which days from the week 
water will not be available. As specified in the theoretical framework, it is necessary to implement 
design strategies in order to anticipate potential failures in the water supply. Moreover, if we observe  
the water inflow through La Pila, a low level of robustness will be observed, as water usually comes 
from only one well. In case a contamination of this well occurs, the community might have seriur 
problems. 

Considering the electrical energy inflow through households, and because of the non-existent use of 
eco-technologies –such as photovoltaic panels-, electrical energy disruption can be a great problem, 

                                                             

72 Chapter IV: Case of Study: La Pila as an USES. 
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especially because of the unsafe environment at night. Moreover, it was observed that during the 
months of April, May and June, a 25% of the households do not have access to electricity, which 
means an extra expenditure in candles for the inhabitants. 

The food inflow in La Pila has a medium robustness as most people is able to supply their households 
within La Pila’s markets and convenience stores. Central to the understanding of the food inflow is 
that in spite of most food coming from SLP’s main market Central de Abastos, this food source is at 
the same time supplied by several producers from all over Mexico, and in the case of some fruits –
especially apples- from the USA. 

Redundancy 

According to the graph Households Strategies to Access Water (Fig.  VI.3), it was observed that in order 
to deal with water scarcity, a 67 % of the community inhabitants store water in buckets. A 15% of the 
interviewees said that they preferred to buy water from water tankers, while a 10% said that in order 
to access water they were sharing resources with their families and neighbors. Finally, a 8% of the 
households interviewed accessed water by carrying water from wells located in their properties or in 
the surroundings. 

Although, for the water supply the USES seems to be redundant for the moment, in the case of food, 
a completely different situation can be found. Despite the fact, that food can come from markets, 
convenience stores and supermarkets, it is important to consider that these get their supplies from 
SLP. In case of disruption, La Pila can be affected, as it is one of the furthest points in the MZSLP. This 
phenomenon, although its rarity, must be considered to enhance urban resilience and therefore, a 
sustainable metabolism.  

In the case of energy’s supply, a medium redundancy can be found, as energy can be found in the 
system through the burning of firewood and the use of candles. However, in order to enhance 
resilience in this aspect it would be necessary to increase the energy sources by dividing the lines, so 
that if a blackout happens, only one part of the street is temporarily without electricity. Moreover, 
encouragement of photovoltaic panels in public buildings could also increase redundancy and 
decrease fees.  

Flexibility 

As flexibility means that systems change, evolve and adapt in response to changing circumstances 
(The Rockefeller Foundation, 2018), it was observable but this resilient quality is missing in Water and 
Energy system’s supply, when talking about the community’s scale. However, when observing 
independent households, it can be appreciated that the resource’s supply can come from several 
sources, when water or energy insecurity arise. However, flexibility is observed in the community, as 
we would observe in the next part of the urban resilience assessment. 
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Resourceful 

As observed in Table VI.3 Table VI.3, the highest water-related risks for the system’s supply, is the 
fact that La Pila is the last part of the metropolitan are in the water supply infrastructure. Therefore, 
its resourcefulness to cover the water demand is low. Despite the fact, that collected rainwater may 
increase water availability, it is still far away from the desirable conditions for water provisioning and 
use. It could be a good idea to construct a tank or a dam in the surroundings to increase 
resourcefulness and enhance resilience. Moreover, in the case of food supply, agricultural gardening 
might help to increase resourcefulness, and make the community’s inhabitants less dependent on 
ZMSLP food supply. In the energy sector, it is mandatory to consider solar energy as a potential 
energy source that can replace gas and electrical energy, as it can be used instead of burning 
firewood to boil water for example, or cook. 

Inclusive 

In the system’s supply there was no evidence of inclusion in any resource management. This was 
strange, especially in the food supply, as markets tend to consult and engage to decide prices in a 
join-vision.  

Integrated 

There is not an alignment observed between the energy and water’s supplies as both depend on 
different decentralized institutions. This is a key point to work on, as it can provide integration 
between resources systems, promoting consistencies in decision-making processes and ensuring a 
better use of infrastructural investments. Additionally, in Table VI.3 it is observed a lack of 
governmental budget to connect households to water and sewage services. What is more, 
considering that La Pila is the last part of the metropolitan area in the water supply infrastructure, 
even though the distribution system runs in the surroundings. 

VI.3.2. Resilience of the System 

 This section includes the resilience of the system based on the resilient qualities proposed in 
the methodological framework. 

Reflectiveness 

The USES reflectiveness can be considered as medium, because of the households’ behavior. On the 
one hand, it was observed that they are always able to deal with uncertainty related to resource’s 
supply. For example, in the case of water supply, people is already used to deal with water scarcity, 
which makes them be always ready to store water. Moreover, in some cases people have themselves 
implemented some water collection pipes in order to maximize the rain collection. What is more, 
people have also implemented water recycling strategies in order to avoid unnecessary water waste 
during cleaning chores.  
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In the case of energy disrupters, they have further strategies to cope with challenges. In the case of 
electrical energy, they are prepared with candles, if they need gas to boil water, but they cannot 
afford it they just burn firewood. What is more, it was observed that households owning a car or a 
motorcycle, were not concerned about the fuel’s price rising, as they had a fixed budget that once 
over was not exceeded. 

The reflectiveness regarding the food metabolic processes can be considered of medium-low level, 
because even if people is starting to be aware about the importance of the diet, there are still so many 
changes that need to be done. 

Robustness 

Because of their adaptive nature, inhabitants from La Pila are robust as they do neve over-rely on 
single asset. In this context, if the behavior of the community’s inhabitants is compared to the 
behavior of SLP’s inhabitants while a blackout, La Pila’s inhabitants will be more resilient to the shock, 
as they will have developed the capacity to withstand the impacts of hazard events without damage. 

Redundancy 

Although, redundancy is still not a quality for the system’s supply, it is for the community’s 
inhabitants, as they have learned to fulfill their needs through multiple ways. For example, the case 
of water insecurity. When water is scarce, inhabitants ask other neighbors or their families for water 
supply. This process is repeated across the community, resulting in an intentional social network that 
allows people to have water access guaranteed. 

Flexibility 

The implementation of managerial strategies in the elementary school might conduct to flexibility, 
as the introduction of knowledge allows developing a learning capacity that allows people to be 
better prepared to adapt in response of changing circumstances. However, considering the whole 
community, there is still a low flexibility when reflecting on infrastructure and ecosystem 
management. 

Resourceful 

Because of their demographic conditions, the community’s inhabitants can be resourceful in a 
neighborhood scale. However, it is still necessary to work with the political arena in order to convince 
them of investing on institutional infrastructure, as this can help to build wider resilience, by 
mobilizing and coordinating wider human, financial and physical resources. 

Inclusive 

Vulnerable groups are not broadly consulted when decisions are made at the community’s scale. 
Therefore, building social cohesion might be indispensable, if resilience is desired. Fortunately, 
through the university’s project that is taking place in the elementary school Francisco González 
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Bocanegra, social cohesion and participation are being constructed through the engagement of the 
children’s parents in sustainability workshops. 

Integrated 

A current integration is taking part within the community, through the University Autonomous of 
San Luis Potosi, and the enterprise Cummins, which from a transformational approach searches the 
application of strategies that can reduce inhabitants’ vulnerability. Such project has already created 
an economic network that may allow the inhabitants to continue their studies, to improve their work 
conditions and their quality of life. However, this is still a first step towards a resilience 
(transformative) approach. 

 

 

 

 

 

 

 

 

 

 

 

Closing Remarks 

In this chapter, hazards to the USES of La Pila (considering the system’s supply and the system itself), 
were first identified through the social, ecological, economic and political dimensions, and in relation 
to the respective inflow: Water, Energy and Food. For hazards to the system, the health dimension 
was added for such classification, as some hazards can be better counterbalanced through heath 
institutions.  

After that, hazards where categorized into low, medium or high risks, depending on their severity 
and frequency. Finally, once having defined the risk to the supply’s system and the system itself, 
urban resilience was assessed through the analysis of the resilient qualities: Reflectiveness, 
Robustness, Redundancy, Flexibility, Resourcefulness, Inclusiveness, Integration and  

 



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 188 of 250 

 

Chapter VII  
Conclusions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“The central purpose of systems analysis is to help public and private decision and policy-
makers to solve the problems and resolve the policy issues that they face.”  

 

(Miser and Quade, 1985) 
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VII. Conclusions  

UM was analyzed in order to propose resilience strategies that guarantee the USES resilience. The 
UM is analyzed through the system’s supply inflows –including Water, Energy and Food-, and the 
system itself. After that, hazards to the system’s supply inflows –Water, Energy and Food-, and to the 
system itself, were identified from the ecological, social, economic and political dimensions (within a 
health dimension). Such hazards were later transformed into risks, in order to provide an input to the 
Resilience Assessment. In the following lines, a reflection on the objectives and research questions 
achievement is presented, as well as the recommendations to build sustainable urban metabolism 
through resilience strategies in La Pila, and the further research opportunities. 

Building Sustainable Urban Metabolism through Resilience Strategies 

To identify the metabolic fluxes in La Pila: Water, Energy & Food:  

Which are the current metabolic fluxes in the community? 

With data from forty households having been analyzed, and other supporting evidence from 
databases and literature review, some sense of how Water, Energy and Food flow in the household 
can be gleaned. At the beginning of this work, the objective was to measure the whole metabolic 
fluxes, this means from inflows to outflows. However, once in the fieldwork this did not seem 
achievable due to the lack of time for collecting, analyzing and interpreting data.  

Therefore, in the methodological framework (Chapter III), it was decided to analyze only inflows at a 
household scale in order to provide insights of how Water, Energy and Food flow in the system. 
Additionally, with data from the system’s supply and the system’s metabolic process, the following 
two specific objectives were still feasible, as hazards threating the household –and the community 
as well- could still be identified in order to analyze the community’s urban resilience.  

As explained in the fifth chapter –Metabolism of Households in La Pila-, because of the diversity of 
families in La Pila and the complexity of the USES dynamics, the data gathered are presented and 
analyzed at three scales: 1) Households Total Consumption; 2) Household A-B-C Types Consumption; 
and 3) A Household Analysis. Such decision was taken, in order to provide a better context of how 
resources are consumed, because it is never the same looking at totalities, prototypes or specific 
cases of study.  

Moreover, with data from the household’s resources consumption, it was observed how the most 
important fluxes -water, energy and flood-, flow in La Pila, at a small scale. Consequently, for the 
selected metabolic fluxes, the main sources where found and data about the resources consumption 
was achieved.  

When Water-Energy-Food Metabolism was analyzed through the Analysis of the System’s Supply and the 
System Itself, it could be observed how the resources’ inflows are going through the different 
household types (A, B & C) - average and median-, per household and per capita with several changes 
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in patterns. It is important to stay, that such diagrams worked as a first insight of how the urban 
metabolism of households in La Pila looks like. Although, the Monte Carlo Simulation was used to 
provide more precision in the consumption results, more data should be collected to nurture the 
database, as the sample of 40 households’ interviews was not representative. 

It was observable during this fluxes analysis that when people do not have access to the resources 
through the traditional source, they try to find another way to supply the resource for the household. 
Unfortunately, these practices result sometimes in higher costs.  

Furthermore, it is important to stablish that some managerial strategies have been implemented in 
the community in order to enhance water, energy and food security. Although such strategies might 
enhance resilience indirectly, they are mainly considered as coping or adaptive strategies in this 
research, as they try to solve the question How? Instead of the Why? And What can I do about it? 

Finally, the results obtained after having completed this objective were central to define hazards 
after, as following Frank, Delano and Caniglia (2017),  studying the production, flow and consumption 
of materials and energy allow to have insights on  energy efficiency, materials recycling and waste 
management of USES (Frank, Delano and Caniglia, 2017). 

To identify hazards to the metabolic fluxes:  

How vulnerable are metabolic fluxes to which hazards? 

Identifying how vulnerable are the metabolic inflows and processes inside the households and to 
which hazards, was only achieved through a systemic perspective that tried to focus on the 
community’s dynamics, but also considering the most relevant relationships with the Metropolitan 
Zone of San Luis Potosi, as well as with the industrial zone located in the nearby.  

Hazards identified provided insights on people’s behavior. For example, though the identification of 
main hazards in the food metabolism within the households, it was discovered that unappropriated 
diets are the result of a poor health education and information, and therefore constitute also a hazard 
regarding the health dimension. 

Water and Energy metabolism are also related to the health dimension, as water pollution and 
emissions generated because of the firewood burning are big threats to human and environmental 
health, that require immediate attention, although their low frequency. 

Despite the fact that this research was only focusing on simple hazards, rather than on complicated 
or complex, when assessing the risk it was sometimes impossible to analyze one without taking into 
account the other. However, cascading effects are not defined, it will be important to have a better 
understanding of such relationships before applying any resilience strategy within the community of 
La Pila. 
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To analyze how resilient is the urban metabolism of La Pila: 

How resilient is the urban metabolism of La Pila? 

The risks that threaten the system’s resilience can come from several dimensions: ecological social, 
economic, and political. That is the reason why defining risks to water, energy and food, was central 
to the urban resilience assessment depending on their frequency and severity. 

Analyzing how resilient the urban metabolism of the community was one of the main challenges 
during this research, as it is very confusing to difference whether certain practices are enhancing 
resilience or keeping social backward. Unfortunately, it was observable, that vulnerable households 
that have lower monetary incomes are under more stress when buying goods, such as water, energy 
and food, however, they were the households doing the most efficient use of every resource. 

It was observed that an ever-increasing learning capacity in households, as a result of the 
implementation of eco-technologies in the elementary school Francisco González Bocanegra. This 
means that the community exhibits a potential for reflectiveness. Moreover, it was observed that the 
community’s inhabitants were always able to deal with uncertainty related to resource’s supply. For 
example, in the case blackouts, they are prepared with candles, and/or if they need gas to boil water, 
but they cannot afford it they just burn firewood.  

In the case of robustness, it could be considered as low because of the lack of physical assets that 
could help to increase resilience in the system to, for example, water scarcity. Another example iif 
this, can be found in the food system’s supply as the households buy their food within La Pila’s 
markets and convenience stores. But, what might happen if a disruption happens in the system’s 
supply? On the other hand, because of their adaptive nature, households from La Pila are robust as 
they do neve over-rely on single asset. 

Water supply for the USES seems to be redundant now, as when water is scarce, inhabitants ask other 
neighbors or their families for water supply. This process is repeated across the community, resulting 
in an intentional social network that allows people to have water access guaranteed. Meanwhile, food 
and energy supply are not redundant enough.  

Flexibility is missing in Water and Energy system’s supply, when talking about the community’s scale. 
However, at a households’ scale, it can be appreciated that the resource’s supply can come from 
several sources, when water or energy insecurity arise. In addition, the implementation of ecological 
technologies-related strategies in the elementary school might conduct to flexibility, as the 
introduction of knowledge allows developing a learning capacity that allows people to be better 
prepared to adapt in response of changing circumstances. However, considering the whole 
community, there is still a low flexibility when reflecting on infrastructure and ecosystem 
management. 
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Unfortunately, La Pila is not resourceful enough yet, as the highest water-related risks for the 
system’s supply, is the fact that La Pila is the last part of the metropolitan are in the water supply 
infrastructure. Therefore, its resourcefulness to cover the water demand is low. Additionally, In the 
energy sector, it is mandatory to consider solar energy as a potential energy source that can replace 
gas and electrical energy, as it can be used instead of burning firewood to boil water for example, or 
cook. On the other hand, the community’s inhabitants can be resourceful in a neighborhood scale 
due to the existent networking. 

In the system’s supply there was no evidence of inclusion in any resource management. In addition, 
vulnerable groups are not broadly consulted when decisions are made at the community’s scale. 

There is not an alignment or integration observed between the energy and water’s supplies as both 
depend on different decentralized institutions. This is an opportunity that can provide integration 
between resources systems, promoting consistencies in decision-making processes and ensuring a 
better use of infrastructural investments. However, what is interesting about this resilience quality, is 
that there is a growing integration between different institutions -the University Autonomous of San 
Luis Potosi and the enterprise Cummins-, which from a transformational approach searches the 
application of strategies that can reduce inhabitants’ vulnerability. 

To propose resilience strategies that enable sustainable urban 
metabolism for the community (urban socio-ecological system) of 
La Pila in San Luis Potosi 

The action of proposing resilience strategies to enhance sustainability for an USES’s Urban 
Metabolism, is a task that should not be considered carelessly, as it involves affecting the system’s 
interactions, components or dynamics. In the following part, recommendations to build sustainable 
urban metabolism in La Pila, SLP, are provided in relation to the stakeholders involved. 

 

Resilience Strategies: Recommendations to conduct La Pila towards Sustainability 

Towards La Pila residents 

The Resilience Strategy builds on and dovetails with past planning efforts that benefited from expert 
analysis and broad community engagement. Moving forward, successful strategy implementation 
rests on continued community engagement and new partnerships (LeTourneau et al., 2016). In order 
to implement a resilience strategy it is mandatory to use social participation. To fully understand the 
complexities of and opportunities for inclusive planning, future research should explore different 
ways of making participation culturally genuine and politically legitimate (Alawadi, 2017). 

The highest vulnerability for households is the lack of proper water storage; therefore, a 
recommendation to enhance their resilience, although it is more about developing an adapting 
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capacity, is to build a water cistern. Through this physical asset, they will be more robust and 
resourceful in case of water scarcity. 

Towards external actors 

External actors, who are already taking part in the community’s development should consider the 
continuous and cyclic re-assessment of strategies implemented from a Systems Perspective for 
Urban Socio-Ecological Systems, in order to improve their understanding of social complexity and 
uncertainty. The main reason to do so is to avoid direct managerial solutions (Hard Systems Thinking), 
that might have other effects rather than the ones originally expected. 

Moreover, it is observed that external actors are already implementing some strategies from a 
transformation perspective, in which change is being trigger through a managerial approach, which 
leaves out the complexity of adaptive systems and therefore, the systems’ resilience. In this context 
it, will be important to involve external actors to participate in the community’s change from a 
transformative perspective and enhance this capacity in the community’s inhabitants, so that they 
become resilient and are able to cope, to adapt and to transform towards resilience and 
sustainability. 

Towards industry 

Although industry is located in the community’s boundaries, they are not as vulnerable as La Pila’s 
inhabitants are. Therefore, it is highly recommended to enhance inclusion, in order to consult and 
engage communities in the decision process. This might also lead to a better institutional integration 
between the community and the industry, that will help La Pila to become more resilient and less 
vulnerable. 

Towards suppliers 

Water and energy suppliers should consider first, ensuring the resources accessibility, and second, 
the building of physical assets, such as water tanks that can help to provide more water security to 
the inhabitants of La Pila. 

Moreover, in the context of building proper water supply infrastructure, we should not forget that 
optimal design, control and planning of water supply systems, help to conserve the resource but also 
prevents unnecessary investment, operational and management costs (Vakilifard et al., 2018). 
Therefore, smart design based on past experience and learning should be enhanced when planning 
the distribution of resources. 

Towards government 

Policy makers should be encouraged to understand the impact that dynamics from MZSLP have on 
the peri-urban communities, as they are more vulnerable to hazards related to resources’ supply 
because of their location.  
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Moreover, a main suggestion to achieve sustainable urban metabolism for government institutions 
is a review on the laws, regulations and norms that apply to urban planning, as most of them are 
starting to become obsolete in a fast changing urban environment that is the MZSLP. As we could 
see in the resilience assessment, reflectiveness of the system is low because the USES has not been 
permitted to develop mechanisms that allow it to evolve, change and modify, mainly because of the 
strict regulations. There is an urgent need of learning-capacity development, especially in the 
political arena, were most decisions are being made. Such problem could be easily solved through 
co-management strategies that involve the community’s residents, who most of the times are willing 
to cooperate and participate if a major benefit for the neighborhood will be achieved.  

It is important not to forget that Inclusive decision-making processes are only achieved through 
social cohesion and a more collaborative urban governance. Therefore, the importance of 
implementing strategies to increase people’s knowledge and skills to participate in the urban 
governance arena.  

Additionally, to building sustainable cities, this contribute to achieve the 6th SDG proposed by the 
United Nations -Increase resilience of the population and promote social cohesion-, as it allows making 
changes in social behaviors through environmental education and learning-capacity building, which 
prepare people to deal with the current and further shocks and stresses that might arise. 

Rural communities and indigenous groups continue under increasing pressure (Barkin, 2010). 
Nowadays, many communities are attempting to exert greater control over their natural resources as 
well as their economic and political life (Barkin, Fuente and Rosas, 2009). It is central to remember, 
that if inhabitants acquire a greater capacity for self-governance, their social and political 
organizations will be able to develop strategies to support demands for more local autonomy and 
productive diversification (Barkin, 2010). In other words, they will become more resilient. 

Towards the resilience planners 

Finally, when recommending resilience strategies, it must be considered that management strategies 
that strive to control disturbances excessively, for example by reducing variability to improve 
efficiency, can erode system’s resilience, making the system increasingly susceptible to even small 
disturbance events that it would otherwise have been able to accommodate (Resilience Alliance 2010 
p15). This effect can be seen by a small comparison between a household’s behavior in La Pila and 
one in SLP, when water supply is missing. If the water supply is disrupted in the community, people 
is already to deal with the uncertainty, and they might even be prepared to respond to the challenge. 
However, when such disruption in resources’ supply occur within more complex systems, chaos can 
result.   

In addition, developing Systems Perspective for Urban Socio-Ecological Systems, must also be 
integrated in the political arena, as it is a central perspective required to understand social complexity 
and uncertainty. 
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Further Research  

In order to assess the resilience of the urban metabolism, this research designed a methodology USES 
Resilience Assessment based on Urban Metabolism, based on the Resilience Assessment Framework 
proposed by Resilience Alliance (2010) was reviewed and adapted in order to make it suitable for the 
research purposes. By learning and improving this framework, it could be possible to understand 
better the resilience of other USES through the study of their Urban Metabolism.  

Moreover, further research can attempt to quantify inflows getting into other sub-systems within La 
Pila, such as –schools, work places, markets, hospital and so forth-, in order to increase the databases 
from the community and improve the understanding of it as an USES. Consequently, this would help 
to improve the USES’s capacity to make decisions about its management. 

Future studies might attempt to identify the wastewater generated from the household’s 
metabolism. Because, as most yards are not paved, there is a percentage of water coming naturally 
back into the ground through infiltration.  

Another central measurement that can provide insights to the community’s metabolism, and that 
was not taken into account when measuring resources flows, is emissions, considering emission 
generated due to the energy’s production (before getting inside the household), and the emission 
generated as a result of the households’ metabolism. As it is appreiated, collecting data related to 
electricity emissions in La Pila, can provide insight on how are fossil fuels being consumed. 

Beyond concerns over the sheer magnitudes of hazards assessed within La Pila, it is central to 
consider that for this work complex hazards were not assessed. Remembering Key’s (2018) 
classification for risks –simple, complicated and complex-, hazards can also be divided into the same 
categories, however, due to the time availability to conduct this research, the combination of hazards 
and the complex hazards was not assessed. Therefore, in further research concerning the USES 
assessed, it will be of great importance to evaluate the consequences of complicated and complex 
risks, especially if researches are acting in the system. 

A projection of scenarios will be really helpful in this context, as they allow to have a more complete 
perspective of how outputs from a strategy implemented can be expected. However, vital to the 
development of such scenarios is to consider uncertainty, as any projection requires a model of 
reality, which because of their nature, are not the reality itself.   

When defining the hazards to food’s supply, the soil contamination, and therefore crops 
contamination, was mention as a hazard that requires a better understanding of the agricultural 
dynamics, as well as the industrial activities, that are currently taking place in MZSLP. It will be 
important for further researches to analyze what is happening in this field, and also identify if the soil 
in which La Pila is located, exhibits negative effects caused by the industrial activities. Additionally, 
hazards to the food system can arise related to the use of pesticides, possible contamination of Hg 
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because of mining practices in the past, and therefore contaminated crops. However, as this research 
did not focus on those hazards, it is highly recommended to integrate such data in further research. 

In this research, it was observable that some strategies are already being implemented from a 
transformation perspective, in which the external actors are steering the system in a managerial hard 
systems perspective, opposite to the complex adaptive systems’ resilience conceptualization. In this 
context it, will be important to review, if external actors could participate in the community’s change 
triggering from a transformative, not detach manner, or enhance this ability in the community’s 
inhabitants. 
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“Let's face it, the universe is messy. It is nonlinear, turbulent, and chaotic. It is dynamic. It 
spends its time in transient behavior on its way to somewhere else, not in mathematically 
neat equilibria. It self-organizes and evolves. It creates diversity, not uniformity. That's 
what makes the world interesting, that's what makes it beautiful, and that's what makes 
it work.” 

(Meadows, 2008) 
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Appendix A: Theoretical Framework 

A.1. A Hazards Literature Review 

N Author Year Hazards 
Category 

Hazards Reference 

1 Asian Development 
Bank 

2013 

Natural 
Hazards & 

Climate 
Change 
Hazards 

-Hydro-
meteorological 
  -Floods 
  -Cyclones 
  -Storm surges 
  -Droughts 
-Geophysical 
  -Earthquakes 
  -Volcanic eruptions 
  -Tsunamis 

(Asian Development Bank, 2013) 

2 Romeo-Lankao & Gnatz 2013 (Romero-Lankao and Gnatz, 2013) 

3 Vuille et al. 2018 (Vuille et al., 2018) 

4 Lavorel et al. 2017 (Lavorel et al., 2017) 

5 Jiang et al. 2018 (Jiang, Zevenbergen and Ma, 2018) 

6 DeFries et al. 2016 (DeFries et al., 2016) 

7 Middleton & Sternberg 2013 Climate change 
Hazards 
-Direct 
-Indirect 

(Middleton and Sternberg, 2013) 

8 Wagner & Breil 2013 

Multi-
dimensional 

Hazards 

-Ecological Hazards 
-Economic Hazards 
-Social Hazards 

(Wagner and Breil, 2013) 

9 Bevacqua et al. 2018 (Bevacqua, Yu and Zhang, 2018) 

10 Adriana Gracia et al. 2017 (Adriana Gracia et al., 2017) 

11 Mochizuki 2014 (Mochizuki et al., 2014) 

12 Sharifi & Yamagata 2016 (Sharifi and Yamagata, 2016) 

13 Kenny 2017 -Natural Hazards 
-Social 
(Anthropogenic or 
man-made) Hazards 

(Kenny, 2017) 

14 Kita 2017 (Kita, 2017) 

15 Sonwa 2012 (Sonwa et al., 2012) 

16 Romero-Lankao & 
Dodman 

2011 (Romero-Lankao and Dodman, 
2011) 

17 Faivre et al. 2017 (Faivre et al., 2017) 

18 Elliot et al. 2014 (Elliott, Cutts and Trono, 2014) 

19 Úbeda et al. 2016 (Úbeda and Sarricolea, 2016) 

20 Renaud et al. 2013 (Renaud et al., 2013) 

21 McBean & Ajibade 2009 (McBean and Ajibade, 2009) 

22 Vastag 1996 -Endogenous 
Environmental 
Hazards 
-Exogenous 
Environmental 
Hazards 

(Vastag G, 1996) 

23 Bhowmik et al. 2017 (Bhowmik et al., 2017) 

24 Michael et al. 2014 Sustainability-based 
-Ecological Hazards 
-Economic Hazards 
-Social Hazards 

(Michael, Noor and Figueroa, 2014) 

25 Nazari et al. 2015 Vulnerability-based (Nazari et al., 2015) 

26 Burg 2008 (Burg, 2008) 
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27 Deressa 2010 (Deressa, 2010) 

28 Nazari et al. 2015 

Complex 
Hazards 

-Shocks (sudden) 
-Stresses (chronical) 

(Nazari et al., 2015) 

29 Turner et al. 2003 (Turner et al., 2003) 

30 Juan-García et al. 2017 (Juan-García et al., 2017) 

31 Boyd & Juhola 2015 (Boyd and Juhola, 2015) 

32 Romero-Lankao & Qin 2011 (Romero Lankao and Qin, 2011) 

33 Spaans & Waterhout 2017 (Spaans and Waterhout, 2017) 

34 Ziervogel 2017 (Ziervogel et al., 2017) 

35 Harvey 1989 (D Harvey, 1989) 

36 Fraser et al. 2017 (Fraser et al., 2017) 

37 Crowe et al. 2016 Uncertainty-
based 

Hazards 

Uncertainty-based 
Hazards 

(Crowe, Foley and Collier, 2016) 

38 Tatebe & Mutch 2015 (Tatebe and Mutch, 2015) 

39 Faivre et al. 2017 Emerging Hazards (Faivre et al., 2017) 

40 Bonaiuto 2016 People’s 
Perception of 

Hazards 

-Local 
-Global 

(Bonaiuto et al., 2016) 

Table A.1. Hazards’ categories. Source: Based on the literature review. 
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Appendix B: Methodological Framework 
B.1. The Resilience Index from Rockefeller Foundation: Indicators. 

The Resilience Index: Indicators 
Goals Indicators 

1 Minimal human 
vulnerability 

1.1 Safe and affordable housing 

1.2 Adequate affordable energy supply 

1.3 Inclusive access to safe drinking water 

1.4 Effective sanitation 

1.5 Sufficient affordable food supply 

2 Diverse 
livelihoods and 

employment 

2.1 Inclusive labour policies 

2.2 Relevant skills and training 

2.3 Dynamic local business development and innovation 

2.4 Supportive financing mechanisms 

2.5 Diverse protection of livelihoods following a shock 

3 Effective 
safeguards to 
human health 

and life 

3.1 Robust public health systems 

3.2 Adequate access to quality healthcare 

3.3 Emergency medical care 

3.4 Effective emergency response services 

4 Collective 
identity and 
community 

support 

4.1 Local community support 

4.2 Cohesive communities 

4.3 Strong city-wide identity and culture 

4.4 Actively engaged citizens 

5 Comprehensive 
security and 
rule of law 

5.1 Effective systems to deter crime 

5.2 Proactive corruption prevention 

5.3 Competent policing 

5.4 Accessible criminal and civil justice 

6 Sustainable 
economy 

6.1 Well-managed public finances 

6.2 Comprehensive business continuity planning 

6.3 Diverse economic base 

6.4 Attractive business environment 

6.5 Strong integration with regional and global economies 

7 Reduced 
exposure and 

fragility 

7.1 Comprehensive hazard and exposure mapping 

7.2 Appropriate codes, standards and enforcement 

7.3 Effectively managed protective ecosystems 

7.4 Robust protective infrastructure 

8 Effective 
provision of 

critical services 

8.1 Effective stewardship of ecosystems 

8.2 Flexible infrastructure services 

8.3 Retained spare capacity 

8.4 Diligent maintenance and continuity 

8.5 Adequate continuity for critical assets and services 

9 Reliable 
mobility and 

communications 

9.1 Diverse and affordable transport networks 

9.2 Effective transport operation & maintenance 

9..3 Reliable communications technology 

9.4 Secure technology networks 
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10 Effective 
leadership and 
management 

10.1 Appropriate government decision-making 

10.2 Effective co-ordination with other government bodies 

10.3 Proactive multi-stakeholder collaboration 

10.4 Comprehensive hazard monitoring and risk assessment 

10.5 Comprehensive government emergency management 

11 Empowered 
stakeholders 

11.1 Adequate education for all 

11.2 Widespread community awareness and preparedness 

11.3 Effective mechanisms for communities to engage with government 

12 Integrated 
development 

planning 
Indicators 

12.1 Comprehensive city monitoring and data management 

12.2 Consultative planning process 

12.3 Appropriate land use and zoning 

12.4 Robust planning approval process 

Table B.1. The Resilience Index: Indicators. Source: Taken from the City Resilience Index (The Rockefeller Foundation and 
ARUP, 2015b) 
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B.2. Interview Questionnaire 

 

Fig.  B.1. Interview Questions: Page 1/6.  
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Fig.  B.2. Interview Questions: Page 2/6.  
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Fig.  B.3. Interview Questions: Page 3/6.  
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Fig.  B.4. Interview Questions: Page 4/6.  
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Fig.  B. 5. Interview Questions: Page 5/6.  
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Fig.  B.6. Interview Questions: Page 6/6.  
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Fig.  B. 7. Participatory Mapping “La Pila”. Page 1/1. Source: Based on INEGI databases (INEGI, 2018). 
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Appendix C: Metabolism of Households in La Pila 

C.1. Tap Water in Households and per capita 

WATER IN HOUSEHOLDS: ESTIMATED WATER CONSUMPTION PER HOUSEHOLD IN LA PILA (L.) 

N 

Money spent 
in Water every 

two months 

Money spent 
in Water 
monthly 

Cost 
per 
liter 

M3 spent 
every two 

months 

M3 spent 
per month 

Liters spent 
every two 

months 

Liters spent 
per month 

MXN MXN MXN M3 M3 L L 
1 20.00  10.00  5.00 4.00 2.00 4,000.00 2,000.00 
2 40.00  20.00 5.00 8.00 4.00 8,000.00 4,000.00 
3 40.00  20.00 5.00 8.00 4.00 8,000.00 4,000.00 
4 50.00  25.00 5.00 10.00 5.00 10,000.00 5,000.00 
5 70.00  35.00 5.00 14.00 7.00 14,000.00 7,000.00 
6 80.00  40.00 5.00 16.00 8.00 16,000.00 8,000.00 
7 100.00  50.00  7.50 13.33 6.67 13,333.33 6,666.67 
8 120.00  60.00  7.50 16.00 8.00 16,000.00 8,000.00 
9 120.00  60.00  7.50 16.00 8.00 16,000.00 8,000.00 

10 120.00  60.00  7.50 16.00 8.00 16,000.00 8,000.00 
11 140.00  70.00  7.50 18.67 9.33 18,666.67 9,333.33 
12 150.00  75.00 7.50 20.00 10.00 20,000.00 10,000.00 
13 150.00  75.00 7.50 20.00 10.00 20,000.00 10,000.00 
14 150.00  75.00 7.50 20.00 10.00 20,000.00 10,000.00 
15 150.00  75.00 7.50 20.00 10.00 20,000.00 10,000.00 
16 152.00 76.00 10.00 15.20 7.60 15,200.00 7,600.00 
17 153.00 76.50 10.00 15.30 7.65 15,300.00 7,650.00 
18 153.00 76.50 17.50 8.74 4.37 8,742.86 4,371.43 
19 175.00 87.50 5.00 35.00 17.50 35,000.00 17,500.00 
20 175.00 87.50 5.00 35.00 17.50 35,000.00 17,500.00 
21 175.00 87.50 5.00 35.00 17.50 35,000.00 17,500.00 
22 180.00 90.00 7.50 24.00 12.00 24,000.00 12,000.00 
23 200.00 100.00 7.50 26.67 13.33 26,666.67 13,333.33 
24 200.00 100.00 7.50 26.67 13.33 26,666.67 13,333.33 
25 200.00 100.00 7.50 26.67 13.33 26,666.67 13,333.33 
26 200.00 100.00 7.50 26.67 13.33 26,666.67 13,333.33 
27 200.00 100.00 7.50 28.57 14.29 28,571.43 14,285.71 
28 200.00 100.00 7.50 26.67 13.33 26,666.67 13,333.33 
29 200.00 100.00 7.50 26.67 13.33 26,666.67 13,333.33 
30 200.00 100.00 10.00 20.00 10.00 20,000.00 10,000.00 
31 201.00 100.50 15.00 13.40 6.70 13,400.00 6,700.00 
32 205.00 102.50 5.00 41.00 20.50 41,000.00 20,500.00 
33 230.00 115.00 5.00 46.00 23.00 46,000.00 23,000.00 
34 230.00 115.00 5.00 46.00 23.00 46,000.00 23,000.00 
35 250.00 125.00 5.00 50.00 25.00 50,000.00 25,000.00 
36 260.00 130.00 5.00 52.00 26.00 52,000.00 26,000.00 
37 350.00  175.00  5.00 70.00 35.00 70,000.00 35,000.00 
38 600.00  300.00  5.00 120.00 60.00 120,000.00 60,000.00 
39 700.00  350.00  5.00 140.00 70.00 140,000.00 70,000.00 
40 1,920.00   960.00   7.50  256.00 128.00 256,000.00 128,000.00 

Average 230.23  115.11 7.05  35.78 17.89 35,780.36 17,890.18 
Median 175.00  87.50 7.50  22.00 11.00 22,000.00 11,000.00 

Table C.1. Water in Households: Estimated Water Consumption per Household in La Pila (L.).  
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WATER IN HOUSEHOLDS: ESTIMATED WATER CONSUMPTION IN TYPE A HOUSEHOLDS (L.) 

N 

Money spent 
in Water 

every two 
months 

Money spent 
in Water 
monthly 

Cost per 
liter 

M3 spent 
every two 

months 

M3 spent 
per month 

Liters spent 
every two 

months 

Liters 
spent per 

month 

MXN MXN MXN M3 M3 L L 
1 40.00  20.00   5.00  8.00 4.00 8,000.00 4,000.00 
2  40.00   20.00   5.00  8.00 4.00 8,000.00 4,000.00 
3 70.00  35.00   5.00  14.00 7.00 14,000.00 7,000.00 
4   80.00  40.00   5.00  16.00 8.00 16,000.00 8,000.00 
5   100.00  50.00   5.00  20.00 10.00 20,000.00 10,000.00 
6  120.00  60.00   5.00  24.00 12.00 24,000.00 12,000.00 
7  150.00   75.00  7.50  20.00 10.00 20,000.00 10,000.00 
8  150.00  75.00  7.50  20.00 10.00 20,000.00 10,000.00 
9  175.00  87.50  7.50  23.33 11.67 23,333.33 11,666.67 

10  200.00  100.00  7.50  26.67 13.33 26,666.67 13,333.33 
11  200.00  100.00  7.50  26.67 13.33 26,666.67 13,333.33 
12  200.00  100.00  7.50  26.67 13.33 26,666.67 13,333.33 
13  200.00   100.00  7.50  26.67 13.33 26,666.67 13,333.33 
14  200.00  100.00  7.50  26.67 13.33 26,666.67 13,333.33 
15  200.00  100.00   7.50  26.67 13.33 26,666.67 13,333.33 
16  260.00  130.00   10.00  26.00 13.00 26,000.00 13,000.00 
17  600.00  300.00  10.00  60.00 30.00 60,000.00 30,000.00 
18  1,920.00    960.00   17.50  109.71 54.86 109,714.29 54,857.14 

Average  272.50   136.25   7.50  28.28 14.14 28,280.42 14,140.21 
Median  187.50    93.75   7.50  25.00 12.50 25,000.00 12,500.00 

Table C.2. Water in Households: Estimated Water Consumption in Type A Households in La Pila (L.).  

WATER IN HOUSEHOLDS: ESTIMATED WATER CONSUMPTION IN TYPE B HOUSEHOLDS (L.) 

N 

Money spent 
in Water 

every two 
months 

Money spent 
in Water 
monthly 

Cost per 
liter 

M3 spent 
every two 

months 

M3 spent 
per 

month 

Liters spent 
every two 

months 

Liters 
spent per 

month 

MXN MXN MXN M3 M3 L L 
1 20.00 10.00 5.00 4.00 2.00 4,000.00 2,000.00 
2 120.00 60.00 5.00 24.00 12.00 24,000.00 12,000.00 
3 120.00 60.00 5.00 24.00 12.00 24,000.00 12,000.00 
4 140.00 70.00 7.50 18.67 9.33 18,666.67 9,333.33 
5 150.00 75.00 7.50 20.00 10.00 20,000.00 10,000.00 
6 175.00 87.50 7.50 23.33 11.67 23,333.33 11,666.67 
7 175.00 87.50 7.50 23.33 11.67 23,333.33 11,666.67 
8 180.00 90.00 7.50 24.00 12.00 24,000.00 12,000.00 
9 200.00 100.00 7.00 28.57 14.29 28,571.43 14,285.71 

10 200.00 100.00 7.50 26.67 13.33 26,666.67 13,333.33 
11 205.00 102.50 7.50 27.33 13.67 27,333.33 13,666.67 
12 230.00 115.00 10.00 23.00 11.50 23,000.00 11,500.00 
13 700.00 350.00 15.00 46.67 23.33 46,666.67 23,333.33 

Average 201.15 100.58 7.65 24.12 12.06 24,120.88 12,060.4
Median 175.00 87.50 7.50 24.00 12.00 24,000.00 12,000.0

Table C.3. Water in Households: Estimated Water Consumption in Type B Households in La Pila (L.).  
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WATER IN HOUSEHOLDS: ESTIMATED WATER CONSUMPTION IN TYPE C HOUSEHOLDS (L.) 

N 

Money spent 
in Water every 

two months 

Money 
spent in 

Water 
monthly 

Cost per 
liter 

M3 spent 
every two 

months 

M3 spent 
per 

month 

Liters 
spent 

every two 
months 

Liters spent 
per month 

MXN MXN MXN M3 M3 L. L. 

1            50.00             25.00               5.00  10.00 5.00 10,000.00 5,000.00 

2         150.00             75.00               5.00  30.00 15.00 30,000.00 15,000.00 

3         152.00             76.00               5.00  30.40 15.20 30,400.00 15,200.00 

4         153.00             76.50               5.00  30.60 15.30 30,600.00 15,300.00 

5         153.00             76.50               5.00  30.60 15.30 30,600.00 15,300.00 

6         201.00          100.50               5.00  40.20 20.10 40,200.00 20,100.00 

7         230.00          115.00               5.00  46.00 23.00 46,000.00 23,000.00 

8         250.00          125.00               5.00  50.00 25.00 50,000.00 25,000.00 

9         350.00          175.00               7.50  46.67 23.33 46,666.67 23,333.33 

Average        187.67            93.83               5.28  34.94 17.47 34,940.70
0 

17,470.37 

Median        153.00            76.50               5.00  30.60 15.30 30,600.00 15,300.00 

Table C.4. Water in Households: Estimated Water Consumption in Type C Households in La Pila (L.).  
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ESTIMATED WATER CONSUMPTION PER CAPITA PER HOUSEHOLD IN LA PILA (L.) 

N 
Water spent monthly Inhabitants in this Household Water spent per Capita 

L. U. L. 
1 2,000.00 5 400.00 
2 5,000.00 6 833.33 
3 4,000.00 4 1,000.00 
4 4,000.00 4 1,000.00 
5 9,333.33 5 1,866.67 
6 8,000.00 4 2,000.00 
7 10,000.00 5 2,000.00 
8 15,200.00 7 2,171.43 
9 20,100.00 9 2,233.33 

10 11,500.00 5 2,300.00 
11 11,666.67 5 2,333.33 
12 11,666.67 5 2,333.33 
13 7,000.00 3 2,333.33 
14 12,000.00 5 2,400.00 
15 12,000.00 5 2,400.00 
16 12,000.00 5 2,400.00 
17 10,000.00 4 2,500.00 
18 10,000.00 4 2,500.00 
19 10,000.00 4 2,500.00 
20 15,000.00 6 2,500.00 
21 15,300.00 6 2,550.00 
22 15,300.00 6 2,550.00 
23 13,333.33 5 2,666.67 
24 13,666.67 5 2,733.33 
25 14,285.71 5 2,857.14 
26 11,666.67 4 2,916.67 
27 12,000.00 4 3,000.00 
28 25,000.00 8 3,125.00 
29 13,333.33 4 3,333.33 
30 13,333.33 4 3,333.33 
31 13,333.33 4 3,333.33 
32 13,333.33 4 3,333.33 
33 13,333.33 4 3,333.33 
34 23,000.00 6 3,833.33 
35 23,333.33 6 3,888.89 
36 13,000.00 3 4,333.33 
37 13,333.33 3 4,444.44 
38 23,333.33 5 4,666.67 
39 30,000.00 3 10,000.00 
40 54,857.14 4 13,714.29 

Average 14,213.57   3,098.78 
Median 13,333.33   2,525.00 

Table C.5. Estimated Water Consumption per Capita per Household in La Pila (L.).  
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ESTIMATED WATER CONSUMPTION PER CAPITA IN TYPE A HOUSEHOLDS (L.) 

N 
Water spent monthly Inhabitants in this Household Water spent per Capita 

L. U. L. 

1 4,000.00 4 1,000.00 

2 4,000.00 4 1,000.00 

3 7,000.00 3 2,333.33 

4 8,000.00 4 2,000.00 

5 10,000.00 4 2,500.00 

6 12,000.00 4 3,000.00 

7 10,000.00 4 2,500.00 

8 10,000.00 4 2,500.00 

9 11,666.67 4 2,916.67 

10 13,333.33 3 4,444.44 

11 13,333.33 4 3,333.33 

12 13,333.33 4 3,333.33 

13 13,333.33 4 3,333.33 

14 13,333.33 4 3,333.33 

15 13,333.33 4 3,333.33 

16 13,000.00 3 4,333.33 

17 30,000.00 3 10,000.00 

18 54,857.14 4 13,714.29 

Average 14,140.21   3,828.26 

Median 12,500.00   3,166.67 
Table C.6. Estimated Water Consumption per Capita in Type A Households (L.).  

 

ESTIMATED WATER CONSUMPTION PER CAPITA IN TYPE B HOUSEHOLDS (L.) 

N 
Water spent monthly (L.) Inhabitants in this Household Water spent per Capita (L.) 

L. U. L. 

1 2,000.00 5 400.00 

2 12,000.00 5 2,400.00 

3 12,000.00 5 2,400.00 

4 9,333.33 5 1,866.67 

5 10,000.00 5 2,000.00 

6 11,666.67 5 2,333.33 

7 11,666.67 5 2,333.33 

8 12,000.00 5 2,400.00 

9 14,285.71 5 2,857.14 

10 13,333.33 5 2,666.67 

11 13,666.67 5 2,733.33 

12 11,500.00 5 2,300.00 

13 23,333.33 5 4,666.67 

Average 12,060.44   2,412.09 

Median 12,000.00   2,400.00 
Table C.7. Estimated Water Consumption per Capita in Type B Households (L.).  
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ESTIMATED WATER CONSUMPTION PER CAPITA IN TYPE C HOUSEHOLDS (L.) 

N Water spent monthly (L.) Inhabitants in this Household Water spent per Capita (L.) 

1 5,000.00 6 833.33 

2 15,000.00 6 2,500.00 

3 15,200.00 7 2,171.43 

4 15,300.00 6 2,550.00 

5 15,300.00 6 2,550.00 

6 20,100.00 9 2,233.33 

7 23,000.00 6 3,833.33 

8 25,000.00 8 3,125.00 

9 23,333.33 6 3,888.89 

Average 17,470.37   2,631.70 

Median 15,300.00   2,550.00 
Table C.8. Estimated Water Consumption per Capita in Type C Households (L.).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Building Sustainable Urban Metabolism through Resilience Strategies in La Pila, San Luis Potosí, México  

Page 215 of 250 

 

C.2. Bottled Water in Households and per capita 

ESTIMATED BOTTLED WATER CONSUMPTION PER CAPITA PER HOUSEHOLD IN LA PILA (L.) 

N 
Weekly Bottled Water 

Consumption 
Monthly Bottled Water 

Consumption 

Inhabitants 
in this 

household 

Monthly 
expenditure per 

capita 

Carboys L. MXN Carboys Liters MXN U. L. MXN 
1 0 0                               -   0 0                             -   3 0                   -   
2 0 0                               -   0 0                             -   5 0                   -   
3 0 0                               -   0 0                             -   5 0                   -   
4 0 0                               -   0 0                             -   5 0                   -   
5 0 0                               -   0 0                             -   6 0                   -   
6 0 0                               -   0 0                             -   6 0                   -   
7 0 0                               -   0 0                             -   9 0                   -   
8 1 19                      20.00  4 76                      80.00  3 19            26.67  
9 1 19                      20.00  4 76                      80.00  4 19            20.00  

10 1 19                      20.00  4 76                      80.00  4 19            20.00  
11 1 19                      20.00  4 76                      80.00  4 19            20.00  
12 1 19                      20.00  4 76                      80.00  6 19            13.33  
13 1 19                      20.00  4 76                      80.00  7 19            11.43  
14 2 38                      40.00  8 152                    160.00  3 38            53.33  
15 2 38                      40.00  8 152                    160.00  4 38           40.00  
16 2 38                      40.00  8 152                    160.00  4 38            40.00  
17 2 38                      40.00  8 152                    160.00  4 38            40.00  
18 2 38                      40.00  8 152                    160.00  4 38            40.00  
19 2 38                      40.00  8 152                    160.00  4 38            40.00  
20 2 38                      40.00  8 152                    160.00  5 38            32.00  
21 2 38                      40.00  8 152                    160.00  5 38            32.00  
22 2 38                      40.00  8 152                    160.00  5 38            32.00  
23 2    38                      40.00  8 152                    160.00  5 38            32.00  
24 2 38                      40.00  8 152                    160.00  5 38            32.00  
25 2 38                      40.00  8 152                    160.00  5 38            32.00  
26 2 38                      40.00  8 152                    160.00  6 38            26.67  
27 3 57                      60.00  12 228                    240.00  3 57            80.00  
28 3 57                      60.00  12 228                    240.00  4 57            60.00  
29 3 57                      60.00  12 228                    240.00  4 57            60.00  
30 3 57                      60.00  12 228                    240.00  4 57            60.00  
31 3 57                      60.00  12 228                    240.00  4 57            60.00  
32 3 57                      60.00  12 228                    240.00  4 57            60.00  
33 3 57                      60.00  12 228                    240.00  4 57            60.00  
34 3 57                      60.00  12 228                    240.00  5 57            48.00  
35 3 57                      60.00  12 228                    240.00  5 57            48.00  
36 3 57                      60.00  12 228                    240.00  6 57            40.00  
37 4 76                   80.00  16 304                    320.00  5 76            64.00  
38 5 95                   100.00  20 380                    400.00  5 95            80.00  
39 5 95                  100.00  20 380                    400.00  8 95            50.00  
40 10 190                   200.00  40 760                    800.00  6 190         133.33  

Average 2 41                     43.00  9 163                    172.00    41            37.17  
Median 2 38                     40.00  8 152                    160.00    38            36.00  

Table C.9. Estimated Bottled Water Consumption per Capita per Household in La Pila (L.).  
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ESTIMATED BOTTLED WATER CONSUMPTION PER CAPITA IN TYPE A HOUSEHOLDS (L.) 

N 
Weekly Bottled Water 

Consumption 
Monthly Bottled Water 

Consumption 

Inhabitants 
in this 

household 

Monthly 
expenditure per 

capita 
Carboys L. MXN Carboys Liters MXN U. L MXN 

1 2 38                     40.00  8 152                    160.00  3 38            53.33  
2 3 57                      60.00  12 228                    240.00  3 57            80.00  
3 0 0                             -   0 0                             -   3 0                   -   
4 1 19                      20.00  4 76                      80.00  3 19            26.67  
5 1 19                      20.00  4 76                      80.00  4 19            20.00  
6 1 19                      20.00  4 76                      80.00  4 19            20.00  
7 2 38                     40.00  8 152                    160.00  4 38            40.00  
8 3 57                     60.00  12 228                    240.00  4 57            60.00  
9 3 57                      60.00  12 228                    240.00  4 57            60.00  

10 3 57                      60.00  12 228                    240.00  4 57            60.00  
11 1 19                      20.00  4 76                     80.00  4 19            20.00  
12 3 57                      60.00  12 228                   240.00  4 57            60.00  
13 2 38                      40.00  8 152                    160.00  4 38            40.00  
14 2 38                      40.00  8 152                    160.00  4 38            40.00  
15 3 57                      60.00  12 228                    240.00  4 57            60.00  
16 2 38                      40.00  8 152                    160.00  4 38            40.00  
17 2 38                      40.00  8 152                    160.00  4 38            40.00  
18 3 57                      60.00  12 228                    240.00  4 57            60.00  

Average 2 39                      41.11  8 156                    164.44    39            43.33  
Median 2 38                      40.00  8 152                    160.00    38            40.00  

Table C.10. Estimated Bottled Water Consumption per Capita in Type A Households (L.).  

ESTIMATED BOTTLED WATER CONSUMPTION PER CAPITA IN TYPE B HOUSEHOLDS (L.) 

N 
Weekly Bottled Water 

Consumption 
Monthly Bottled Water 

Consumption 

Inhabitants 
in this 

household 

Monthly 
expenditure per 

capita 

Carboys L. MXN Carboys Liters MXN U. L MXN 
1 4 76                      80.00  16 304                  320.00  5 76            64.00  
2 0 0                             -   0 0                             -   5 0                   -   
3 5 95                    100.00 20 380                   400.00  5 95            80.00  
4 2 38                      40.00  8 152                    160.00  5 38            32.00  
5 3 57                      60.00  12 228                    240.00  5 57            48.00  
6 2 38                      40.00  8 152                    160.00  5 38            32.00  
7 2 38                      40.00  8 152                    160.00  5 38            32.00  
8 0 0                             -   0 0                             -   5 0                  -   
9 3 57                    60.00  12 228                    240.00  5 57            48.00  

10 2    38                    40.00  8 152                    160.00  5 38            32.00  
11 0 0                             -   0 0                            -   5 0                   -   
12 2 38                    40.00  8 152                    160.00  5 38            32.00  
13 2 38                    40.00  8 152                    160.00  5 38            32.00  

Average 2 39                      41.54  8 158                   166.15    39            33.23  
Median 2 38                      40.00  8 152                   160.00    38            32.00  

Table C.11. Estimated Bottled Water Consumption per Capita in Type B Households (L.).  
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ESTIMATED BOTTLED WATER CONSUMPTION PER CAPITA IN TYPE C HOUSEHOLDS (L.) 

N 
Weekly Bottled Water 

Consumption 
Monthly Bottled Water 

Consumption 

Inhabitants 
in this 

household 

Monthly 
expenditure per 

capita 
Carboys L. MXN Carboys Liters MXN U. L MXN 

1 0 0                             -   0 0                               -   6 0                  -   
2 0 0                             -   0 0                               -   6 0                  -   
3 1 19                      20.00  4 76                      80.00  6 19          13.33  
4 2 38                      40.00  8 152                    160.00  6 38          26.67  
5 3 57                      60.00  12 228                    240.00  6 57            40.00  
6 10 190                    200.00  40 760                    800.00  6 190         133.33  
7 1 19                      20.00  4 76                      80.00  7 19            11.43  
8 5 95                    100.00  20 380                    400.00  8 95            50.00  
9 0 0                             -   0 0                                -   9 0                   -   

Average 2 46                      48.89  10 186                    195.56    46           30.53  
Median 1 19                      20.00  4 76                      80.00    19            13.33  

Table C.12. Estimated Bottled Water Consumption per Capita in Type C Households (L.).  
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C.3. Energy in Households 

C.3.1. Gas Consumption in Households 

ESTIMATED GAS CONSUMPTION PER HOUSEHOLD IN LA PILA (KG.) 

N Money spent in Gas per month Gas spent per month 
MXN Kg. 

1            83.33  4.10 
2            87.50  4.30 
3            91.67  4.51 
4         100.00  4.92 
5         100.00  4.92 
6         100.00  4.92 
7         120.00  5.90 
8         125.00  6.15 
9         133.33  6.56 

10         140.00  6.89 
11         150.00  7.38 
12         150.00  7.38 
13         150.00  7.38 
14         150.00  7.38 
15         166.67  8.20 
16         173.00  8.51 
17         183.33  9.02 
18         193.33  9.51 
19         195.00  9.59 
20         200.00  9.84 
21         240.00  11.80 
22         265.00  13.03 
23         266.67  13.11 
24         270.00  13.28 
25         280.00  13.77 
26         287.50  14.14 
27         290.00  14.26 
28         290.00  14.26 
29         300.00  14.75 
30         300.00  14.75 
31         460.00  22.62 
32         480.00  23.61 
33         480.00  23.61 
34         555.00  27.30 
35         560.00  27.54 
36         570.00  28.03 
37         580.00  28.52 
38         580.00  28.52 
39         600.00  29.51 
40         800.00  39.34 

Average       281.16 13.82 
Median       252.50 12.42 

Table C.13. Energy in Households: Estimated Gas Consumption per Household in La Pila (Kg.).  
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ESTIMATED GAS CONSUMPTION IN TYPE A HOUSEHOLDS (KG.) 

N Money spent in Gas per month Gas spent per month 

MXN Kg. 

1          100.00  4.92 

2          100.00  4.92 

3          120.00  5.90 

4          125.00  6.15 

5          133.33  6.56 

6          150.00  7.38 

7          150.00  7.38 

8          173.00  8.51 

9          195.00  9.59 

10          240.00  11.80 

11          280.00  13.77 

12          287.50  14.14 

13          290.00  14.26 

14          300.00  14.75 

15          460.00  22.62 

16          555.00  27.30 

17          570.00  28.03 

18          800.00  39.34 

Average         279.38  13.74 

Median         217.50  10.70 

Table C.14. Energy in Households: Estimated Gas Consumption in Type A Households (Kg.).  

ESTIMATED GAS CONSUMPTION IN TYPE B HOUSEHOLDS (KG.) 

N Money spent in Gas per month Gas spent per month 

MXN Kg. 

1            83.33  4.10 

2            87.50  4.30 

3            91.67  4.51 

4         100.00  4.92 

5         140.00  6.89 

6         150.00  7.38 

7         166.67  8.20 

8         265.00  13.03 

9         266.67  13.11 

10         290.00  14.26 

11         300.00  14.75 

12         480.00  23.61 

13         480.00  23.61 

Average        223.14  10.97 

Median        166.67  8.20 

Table C.15. Energy in Households: Estimated Gas Consumption in Type B Households (Kg.).  
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ESTIMATED GAS CONSUMPTION IN TYPE C HOUSEHOLDS (KG.) 

N Money spent in Gas per month Gas spent per month 

MXN Kg. 

1         150.00  7.38 

2         183.33  9.02 

3         193.33  9.51 

4        200.00  9.84 

5         270.00  13.28 

6         560.00  27.54 

7         580.00  28.52 

8         580.00  28.52 

9         600.00  29.51 

Average         368.52  18.12 

Median         270.00  13.28 

Table C.16. Energy in Households: Estimated Gas Consumption in Type C Households (Kg.).  
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C.3.2. Electricity Consumption in Households 

ESTIMATED ELECTRICITY CONSUMPTION PER HOUSEHOLD IN LA PILA (kWh.) 
N
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 MXN MXN MXN kWh MXN kWh MXN kWh kWh kWh 

1  40.00               6.40   33.60  42.37         42.37 21.19 

2  60.00   9.60   50.40  63.56         63.56 31.78 

3  75.00   12.00   63.00  79.45         79.45 39.72 

4  75.00   12.00   63.00  79.45         79.45 39.72 

5  80.00   12.80   67.20  84.74         84.74 42.37 

6  85.00   13.60   71.40  90.04         90.04 45.02 

7  90.00   14.40   75.60  95.33         95.33 47.67 

8  90.00   14.40   75.60  95.33         95.33 47.67 

9  100.00   16.00   84.00  105.93         105.93 52.96 

10  100.00   16.00   84.00  105.93         105.93 52.96 

11  100.00   16.00   84.00  105.93         105.93 52.96 

12  100.00   16.00   84.00  105.93         105.93 52.96 

13  100.00   16.00   84.00  105.93         105.93 52.96 

14  115.00   18.40   96.60  121.82         121.82 60.91 

15  122.00   19.52   102.48  129.23         129.23 64.62 

16  150.00   24.00   126.00  150.00  7.05  7.37     157.37 78.69 

17 150.00   24.00   126.00  150.00  7.05  7.37     157.37 78.69 

18 150.00   24.00   126.00  150.00  7.05  7.37     157.37 78.69 

19  163.00   26.08   136.92  150.00  17.97  18.80     168.80 84.40 

20  163.00   26.08   136.92  150.00  17.97  18.80     168.80 84.40 

21  163.00   26.08   136.92  150.00  17.97  18.80     168.80 84.40 

22  163.00   26.08   136.92  150.00  17.97  18.80     168.80 84.40 

23  163.00   26.08   136.92  150.00  17.97  18.80     168.80 84.40 

24  175.00   28.00   147.00  150.00  28.05  29.34     179.34 89.67 

                                                             

73 Calculated by dividing the Electricity Cost without Taxes by MXN 0.793, in order to get kWh spent 
with the Basic Fee. 

74 Electricity Cost minus MXN 118.95 for the first 150 kWh. 
75 Calculated by dividing the Money exceeding the Basic Fee by MXN 0.956, in order to get kWh spent 

with the Intermediate Fee. 
76 Electricity Cost minus MXN 118.95 for the first 150 kWh and minus MXN 124.28 for the next 130 kWh. 
77 Calculated by dividing the Money exceeding the Intermediate Fee by MXN 2.802, in order to get kWh 

spent with the Exceeding Fee. 
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25  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

26  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

27  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

28  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

29  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

30  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

31  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

32  200.00   32.00   168.00  150.00  49.05  51.31     201.31 100.65 

33  200.00   32.00   168.00  150.00  49.05  51.31     201.31 100.65 

34  300.00   48.00   252.00  150.00  133.05  130.00  8.77  3.13 283.13 141.56 

35  408.00   65.28   342.72  150.00  223.77  130.00  99.49  35.51 315.51 157.75 

36  408.00   65.28   342.72  150.00  223.77  130.00  99.49  35.51 315.51 157.75 

37  408.00   65.28   342.72  150.00  223.77  130.00  99.49  35.51 315.51 157.75 

38  435.00   69.60   365.40  150.00  246.45  130.00  122.17  43.60 323.60 161.80 

39  750.00   120.00   630.00  150.00  511.05  130.00  386.77  138.03 418.03 209.02 

40  1,900.00   304.00   1,596.00  150.00  1,477.05  130.00  1,352.77  482.79 762.79 381.39 

Average  192.07       185.54 92.77 

Median  136.92       168.80 84.40 
Table C.17. Estimated Electricity Consumption per Household in La Pila (kWh).  
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ESTIMATED ELECTRICITY CONSUMPTION IN TYPE A HOUSEHOLDS (kWh.) 
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MXN MXN MXN kWh MXN kWh MXN kWh kWh kWh 

1  75.00   12.00   63.00  79.45         79.45 39.72 

2  75.00   12.00   63.00  79.45         79.45 39.72 

3  80.00   12.80   67.20  84.74         84.74 42.37 

4  85.00   13.60   71.40  90.04         90.04 45.02 

5  90.00   14.40   75.60  95.33         95.33 47.67 

6  100.00   16.00   84.00  105.93         105.93 52.96 

7  100.00   16.00   84.00  105.93         105.93 52.96 

8  100.00   16.00   84.00  105.93         105.93 52.96 

9  100.00   16.00   84.00  105.93         105.93 52.96 

10  122.00   19.52   102.48  129.23         129.23 64.62 

11  150.00   24.00   126.00  150.00  7.05  7.37     157.37 78.69 

12  163.00   26.08   136.92  150.00  17.97  18.80     168.80 84.40 

13  163.00   26.08   136.92  150.00  17.97  18.80     168.80 84.40 

14  163.00   26.08   136.92  150.00  17.97  18.80     168.80 84.40 

15  163.00   26.08   136.92  150.00  17.97  18.80     168.80 84.40 

16  163.00   26.08   136.92  150.00  17.97  18.80     168.80 84.40 

17  300.00   48.00   252.00  150.00  133.05  130.00  8.77  3.13 283.13 141.56 

18  750.00   120.00   630.00  150.00  511.05  130.00  386.77  138.03 418.03 209.02 

Average  137.29       149.14 74.57 

Median  93.24       117.58 58.79 
Table C.18. Estimated Electricity Consumption in Type A Households (kWh).  

 

 

 

                                                             

78 Calculated by dividing the Electricity Cost without Taxes by MXN 0.793, in order to get kWh spent 
with the Basic Fee. 

79 Electricity Cost minus MXN 118.95 for the first 150 kWh. 
80 Calculated by dividing the Money exceeding the Basic Fee by MXN 0.956, in order to get kWh spent 

with the Intermediate Fee. 
81 Electricity Cost minus MXN 118.95 for the first 150 kWh and minus MXN 124.28 for the next 130 kWh. 
82 Calculated by dividing the Money exceeding the Intermediate Fee by MXN 2.802, in order to get kWh 

spent with the Exceeding Fee. 
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ESTIMATED ELECTRICITY CONSUMPTION IN TYPE B HOUSEHOLDS (kWh.) 
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MXN MXN MXN kWh MXN kWh MXN kWh kWh kWh 

1  90.00   14.40   75.60  95.33         95.33 47.67 

2  115.00   18.40   96.60  121.82         121.82 60.91 

3  150.00   24.00   126.00  150.00  7.05  7.37     157.37 78.69 

4  175.00   28.00   147.00  150.00  28.05  29.34     179.34 89.67 

5  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

6  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

7  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

8  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

9  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

10  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

11  195.00   31.20   163.80  150.00  44.85  46.91     196.91 98.46 

12  200.00   32.00   168.00  150.00  49.05  51.31     201.31 100.65 

13  435.00   69.60   365.40  150.00  246.45  130.00  122.17  43.60 323.60 161.80 

Average  163.48       189.01 94.51 

Median  163.80       196.91 98.46 
Table C.19. Estimated Electricity Consumption in Type B Households (kWh).  

 

 

 

 

 

 

                                                             

83 Calculated by dividing the Electricity Cost without Taxes by MXN 0.793, in order to get kWh spent 
with the Basic Fee. 

84 Electricity Cost minus MXN 118.95 for the first 150 kWh. 
85 Calculated by dividing the Money exceeding the Basic Fee by MXN 0.956, in order to get kWh spent 

with the Intermediate Fee. 
86 Electricity Cost minus MXN 118.95 for the first 150 kWh and minus MXN 124.28 for the next 130 kWh. 
87 Calculated by dividing the Money exceeding the Intermediate Fee by MXN 2.802, in order to get kWh 

spent with the Exceeding Fee. 
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ESTIMATED ELECTRICITY CONSUMPTION IN TYPE C HOUSEHOLDS (kWh.) 
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MXN MXN MXN kWh MXN kWh MXN kWh kWh kWh 

1  40.00   6.40   33.60  42.37         42.37 21.19 

2  60.00   9.60   50.40  63.56         63.56 31.78 

3  100.00   16.00   84.00  105.93         105.93 52.96 

4  150.00   24.00   126.00  150.00  7.05  7.37     157.37 78.69 

5  200.00   32.00   168.00  150.00  49.05  51.31     201.31 100.65 

6  408.00   65.28   342.72  150.00  223.77  130.00  99.49  35.51 315.51 157.75 

7  408.00   65.28   342.72  150.00  223.77  130.00  99.49  35.51 315.51 157.75 

8  408.00   65.28   342.72  150.00  223.77  130.00  99.49  35.51 315.51 157.75 

9 1,900.00   304.00   1,596.00  150.00  1,477.05  130.00  1,352.77  482.79 762.79 381.39 

Average  342.91       253.32 126.66 

Median  168.00       201.31 100.65 
Table C.20. Estimated Electricity Consumption in Type C Households (kWh).  

 

 

 

 

 

 

 

 

                                                             

88 Calculated by dividing the Electricity Cost without Taxes by MXN 0.793, in order to get kWh spent 
with the Basic Fee. 

89 Electricity Cost minus MXN 118.95 for the first 150 kWh. 
90 Calculated by dividing the Money exceeding the Basic Fee by MXN 0.956, in order to get kWh spent 

with the Intermediate Fee. 
91 Electricity Cost minus MXN 118.95 for the first 150 kWh and minus MXN124.28 for the next 130 kWh. 
92 Calculated by dividing the Money exceeding the Intermediate Fee by MXN 2.802, in order to get kWh 

spent with the Exceeding Fee. 
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C.3.3. Fossil Fuel Consumption in Households 

ESTIMATED FUEL CONSUMPTION PER HOUSEHOLD IN LA PILA (L.) 

N Money spent in fuel monthly Fuel liters spent monthly 
MXN L. 

1                  - 0.00 
2                  - 0.00 
3                  - 0.00 
4                  - 0.00 
5                  - 0.00 
6                  - 0.00 
7                  - 0.00 
8                  - 0.00 
9                  - 0.00 

10                  - 0.00 
11                  - 0.00 
12                  - 0.00 
13                  - 0.00 
14                  - 0.00 
15                  - 0.00 
16                  - 0.00 
17                  - 0.00 
18        400.00 22.16 
19        800.00 44.32 
20        800.00 44.32 
21        800.00 44.32 
22        800.00 44.32 
23        800.00 44.32 
24        800.00 44.32 
25        800.00 44.32 
26     1,200.00 66.48 
27     1,200.00 66.48 
28     1,200.00 66.48 
29     1,200.00 66.48 
30     1,200.00 66.48 
31     1,200.00 66.48 
32     1,200.00 66.48 
33     1,200.00 66.48 
34     1,600.00 88.64 
35     1,600.00 88.64 
36     2,000.00 110.80 
37     2,400.00 132.96 
38     2,400.00 132.96 
39     2,400.00 132.96 
40     3,200.00 177.29 

Average       780.00 43.21 
Median       800.00 44.32 

Table C.21. Estimated Fuel Consumption per Household in La Pila (L.).  
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ESTIMATED FUEL CONSUMPTION IN TYPE A HOUSEHOLDS (L.) 

N Money spent in fuel monthly Fuel liters spent monthly 

MXN L. 

1                       - 0.00 

2                       - 0.00 

3                       - 0.00 

4                       - 0.00 

5                       - 0.00 

6                       - 0.00 

7            800.00 44.32 

8             800.00 44.32 

9             800.00 44.32 

10             800.00 44.32 

11          1,200.00 66.48 

12          1,200.00 66.48 

13          1,200.00 66.48 

14          1,200.00 66.48 

15          2,000.00 110.80 

16          2,400.00 132.96 

17          2,400.00 132.96 

18          2,400.00 132.96 

Average             955.56 52.94 

Median             800.00 44.32 

Table C.22. Estimated Fuel Consumption in Type A Households in La Pila (L.).  

ESTIMATED FUEL CONSUMPTION IN TYPE B HOUSEHOLDS (L.) 

N Money spent in fuel monthly Fuel liters spent monthly 

MXN U. 
1                       - 0.00 

2                       - 0.00 

3                       - 0.00 

4                       - 0.00 

5                       - 0.00 

6             400.00 22.16 

7             800.00 44.32 

8             800.00 44.32 

9             800.00 44.32 

10          1,200.00 66.48 

11          1,200.00 66.48 

12          1,600.00 88.64 

13          3,200.00 177.29 

Average             769.23 42.62 
Median             800.00 44.32 

Table C.23. Estimated Fuel Consumption in Type B Households in La Pila (L.).  
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ESTIMATED FUEL CONSUMPTION IN TYPE C HOUSEHOLDS (L.) 

N Money spent in fuel monthly Fuel liters spent monthly 

MXN L. 

1                  - 0.00 

2                  - 0.00 

3                  - 0.00 

4                  - 0.00 

5                  - 0.00 

6                  - 0.00 

7     1,200.00 66.48 

8     1,200.00 66.48 

9     1,600.00 88.64 

Average        444.44 24.62 

Median                  - 0.00 

Table C.24. Estimated Fuel Consumption in Type C Households in La Pila (L.).  
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C.4. Energy per Capita 

C.4.1. Gas Consumption per Capita 

ESTIMATED GAS CONSUMPTION PER CAPITA AND HOUSEHOLD IN LA PILA (KG.) 

N Gas consumed per Household Inhabitants in this Household Gas Consumption per Capita 

Kg. U. Kg. 
1 4.10 5 0.820 
2 4.30 5 0.861 
3 4.51 5 0.902 
4 4.92 3 1.639 
5 4.92 4 1.230 
6 4.92 5 0.984 
7 5.90 4 1.475 
8 6.15 4 1.538 
9 6.56 3 2.187 

10 6.89 5 1.377 
11 7.38 4 1.844 
12 7.38 4 1.844 
13 7.38 5 1.476 
14 7.38 6 1.230 
15 8.20 5 1.639 
16 8.51 4 2.128 
17 9.02 6 1.503 
18 9.51 6 1.585 
19 9.59 4 2.398 
20 9.84 6 1.639 
21 11.80 4 2.950 
22 13.03 5 2.607 
23 13.11 5 2.623 
24 13.28 6 2.213 
25 13.77 4 3.443 
26 14.14 4 3.535 
27 14.26 4 3.565 
28 14.26 5 2.852 
29 14.75 4 3.688 
30 14.75 5 2.951 
31 22.62 3 7.540 
32 23.61 5 4.721 
33 23.61 5 4.721 
34 27.30 4 6.825 
35 27.54 7 3.934 
36 28.03 4 7.008 
37 28.52 6 4.753 
38 28.52 9 3.169 
39 29.51 8 3.689 
40 39.34 3 13.113 

Average 13.82  3.005 
Median 12.42  2.502 

Table C.25. Estimated Gas Consumption per Capita and Household in La Pila (Kg.).  
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ESTIMATED GAS CONSUMPTION PER CAPITA IN TYPE A HOUSEHOLDS (KG.) 
N Gas consumed per Household  Inhabitants in this Household Gas Consumption per Capita  

Kg. U. Kg. 
1 4.92 3 1.640 
2 4.92 4 1.230 
3 5.90 4 1.475 
4 6.15 4 1.538 
5 6.56 3 2.187 
6 7.38 4 1.845 
7 7.38 4 1.845 
8 8.51 4 2.128 
9 9.59 4 2.398 

10 11.80 4 2.950 
11 13.77 4 3.443 
12 14.14 4 3.535 
13 14.26 4 3.565 
14 14.75 4 3.688 
15 22.62 3 7.540 
16 27.30 4 6.825 
17 28.03 4 7.008 
18 39.34 3 13.113 

Average 13.74 
 

3.775 
Median 10.70 

 
2.674 

Table C.26. Estimated Gas Consumption per Capita in Type A Households (Kg.).  

 

ESTIMATED GAS CONSUMPTION PER CAPITA IN TYPE B HOUSEHOLDS (KG.) 
N Gas consumed per Household  Inhabitants in this Household Gas Consumption per Capita 

Kg. U. Kg. 
1 4.10 5 0.820 
2 4.30 5 0.861 
3 4.51 5 0.902 
4 4.92 5 0.984 
5 6.89 5 1.377 
6 7.38 5 1.475 
7 8.20 5 1.639 
8 13.03 5 2.607 
9 13.11 5 2.623 

10 14.26 5 2.852 
11 14.75 5 2.951 
12 23.61 5 4.721 
13 23.61 5 4.721 

Average 10.97 
 

2.195 
Median 8.20 

 
1.639 

Table C.27. Estimated Gas Consumption per Capita in Type B Households (Kg.).  
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ESTIMATED GAS CONSUMPTION PER CAPITA IN TYPE C HOUSEHOLDS (KG.) 

N Gas consumed per 
Household  

Inhabitants in this 
Household 

Gas Consumption per 
Capita  

Kg. U. Kg. 

1 7.38 6 1.230 

2 9.02 6 1.503 

3 9.51 6 1.585 

4 9.84 6 1.639 

5 13.28 6 2.213 

6 27.54 7 3.934 

7 28.52 6 4.753 

8 28.52 9 3.169 

9 29.51 8 3.689 

Average 18.12 
 

2.635 

Median 13.28 
 

2.213 

Table C.28. Estimated Gas Consumption per Capita in Type C Households (Kg.).  
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C.4.2. Electricity Consumption per Capita 

ESTIMATED ELECTRIITY CONSUMPTION PER CAPITA PER HOUSEHOLD IN LA PILA (kWh) 

N 
Total Consumption in One 

Month 
Inhabitants in this 

Household 
Monthly Electricity Consumption per 

Capita 

kWh. U. kWh. 

1 21.185 6 3.531 
2 31.778 6 5.296 
3 39.723 4 9.931 
4 39.723 4 9.931 
5 42.371 4 10.593 
6 45.019 4 11.255 
7 47.667 4 11.917 
8 47.667 5 9.533 
9 52.963 3 17.654 

10 52.963 3 17.654 
11 52.963 4 13.241 
12 52.963 4 13.241 
13 52.963 6 8.827 
14 60.908 5 12.182 
15 64.615 4 16.154 
16 78.687 4 19.672 
17 78.687 5 15.737 
18 78.687 6 13.115 
19 84.399 3 28.133 
20 84.399 4 21.100 
21 84.399 4 21.100 
22 84.399 4 21.100 
23 84.399 4 21.100 
24 89.671 5 17.934 
25 98.457 5 19.691 
26 98.457 5 19.691 
27 98.457 5 19.691 
28 98.457 5 19.691 
29 98.457 5 19.691 
30 98.457 5 19.691 
31 98.457 5 19.691 
32 100.654 5 20.131 
33 100.654 7 14.379 
34 141.565 3 47.188 
35 157.753 6 26.292 
36 157.753 6 26.292 
37 157.753 8 19.719 
38 161.800 5 32.360 
39 209.017 4 52.254 
40 381.394 9 42.377 

Average 74.568   20.179 
Median 58.789   17.654 

Table C.29. Estimated Electricity Consumption per Capita and Household in La Pila (kWh.).  
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ESTIMATED ELECTRIITY CONSUMPTION PER CAPITA IN TYPE A HOUSEHOLDS (kWh) 

N 
Total Consumption in One 

Month 
Inhabitants in this 

Household 
Monthly Electricity Consumption per 

Capita 

kWh. U. kWh. 
1 39.723 4 9.931 
2 39.723 4 9.931 
3 42.371 4 10.593 
4 45.019 4 11.255 
5 47.667 4 11.917 
6 52.963 3 17.654 
7 52.963 3 17.654 
8 52.963 4 13.241 
9 52.963 4 13.241 

10 64.615 4 16.154 
11 78.687 4 19.672 
12 84.399 3 28.133 
13 84.399 4 21.100 
14 84.399 4 21.100 
15 84.399 4 21.100 
16 84.399 4 21.100 
17 141.565 3 47.188 
18 209.017 4 52.254 

Average 74.568   20.179 
Median 58.789   17.654 

Table C.30. Estimated Electricity Consumption per Capita in Type A Households (kWh.).  

ESTIMATED ELECTRIITY CONSUMPTION PER CAPITA IN TYPE B HOUSEHOLDS (kWh) 

N 
Total Consumption in One 

Month 
Inhabitants in this 

Household 
Monthly Electricity Consumption per 

Capita 

kWh. U. kWh. 
1 47.667 5 9.533 
2 60.908 5 12.182 
3 78.687 5 15.737 
4 89.671 5 17.934 
5 98.457 5 19.691 
6 98.457 5 19.691 
7 98.457 5 19.691 
8 98.457 5 19.691 
9 98.457 5 19.691 

10 98.457 5 19.691 
11 98.457 5 19.691 
12 100.654 5 20.131 
13 161.800 5 32.360 

Average 94.507   18.901 
Median 98.457   19.691 

Table C.31. Estimated Electricity Consumption per Capita in Type B Households (kWh.).  
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ESTIMATED ELECTRIITY CONSUMPTION PER CAPITA IN TYPE C HOUSEHOLDS (kWh) 

N 
Total Consumption in One 

Month 
Inhabitants in this 

Household 
Monthly Electricity Consumption per 

Capita 

kWh. U. kWh. 

1 21.185 6 3.531 

2 31.778 6 5.296 

3 52.963 6 8.827 

4 78.687 6 13.115 

5 100.654 7 14.379 

6 157.753 6 26.292 

7 157.753 6 26.292 

8 157.753 8 19.719 

9 381.394 9 42.377 

Average 126.658   17.759 

Median 100.654   14.379 
Table C.32. Estimated Electricity Consumption per Capita in Type C Households (kWh.).  
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C.4.3. Fossil Fuel Consumption per Capita 

ESTIMATED FUEL CONSUMPTION PER CAPITA PER HOUSEHOLD IN LA PILA (L.) 

N 
Monthly Fuel Consumption  Inhabitants in this Household Monthly Fuel Consumption per Capita  

L. U. L. 
1 0.000 3 0.000 
2 0.000 3 0.000 
3 0.000 4 0.000 
4 0.000 4 0.000 
5 0.000 4 0.000 
6 0.000 4 0.000 
7 0.000 5 0.000 
8 0.000 5 0.000 
9 0.000 5 0.000 

10 0.000 5 0.000 
11 0.000 5 0.000 
12 0.000 6 0.000 
13 0.000 6 0.000 
14 0.000 6 0.000 
15 0.000 6 0.000 
16 0.000 7 0.000 
17 0.000 9 0.000 
18 22.161 5 4.432 
19 44.321 4 11.080 
20 44.321 4 11.080 
21 44.321 4 11.080 
22 44.321 4 11.080 
23 44.321 5 8.864 
24 44.321 5 8.864 
25 44.321 5 8.864 
26 66.482 3 22.161 
27 66.482 4 16.620 
28 66.482 4 16.620 
29 66.482 4 16.620 
30 66.482 5 13.296 
31 66.482 5 13.296 
32 66.482 6 11.080 
33 66.482 8 8.310 
34 88.643 5 17.729 
35 88.643 6 14.774 
36 110.803 3 36.934 
37 132.964 4 33.241 
38 132.964 4 33.241 
39 132.964 4 33.241 
40 177.285 5 35.457 

Average 43.213   9.949 
Median 44.321   8.864 

Table C.33. Estimated Fuel Consumption per Capita in per Household in La Pila (L.).  
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ESTIMATED FUEL CONSUMPTION PER CAPITA IN TYPE A HOUSEHOLDS (L.) 

N 
Monthly Fuel Consumption  Inhabitants in this Household Monthly Fuel Consumption per Capita  

L. U. L. 
1 0.000 3 0.000 
2 0.000 3 0.000 
3 0.000 4 0.000 
4 0.000 4 0.000 
5 0.000 4 0.000 
6 0.000 4 0.000 
7 44.321 4 11.080 
8 44.321 4 11.080 
9 44.321 4 11.080 

10 44.321 4 11.080 
11 66.482 3 22.161 
12 66.482 4 16.620 
13 66.482 4 16.620 
14 66.482 4 16.620 
15 110.803 3 36.934 
16 132.964 4 33.241 
17 132.964 4 33.241 
18 132.964 4 33.241 

Average 52.939   14.056 
Median 44.321   11.080 

Table C.34. Estimated Fuel Consumption per Capita in Type A Households (L.).  

 

ESTIMATED FUEL CONSUMPTION PER CAPITA IN TYPE B HOUSEHOLDS (L.) 

N 
Monthly Fuel Consumption Inhabitants in this Household Monthly Fuel Consumption per Capita 

L. U. L. 
1 0.000 5 0.000 
2 0.000 5 0.000 
3 0.000 5 0.000 
4 0.000 5 0.000 
5 0.000 5 0.000 
6 22.161 5 4.432 
7 44.321 5 8.864 
8 44.321 5 8.864 
9 44.321 5 8.864 

10 66.482 5 13.296 
11 66.482 5 13.296 
12 88.643 5 17.729 
13 177.285 5 35.457 

Average 42.617   8.523 
Median 44.321   8.864 

Table C.35. Estimated Fuel Consumption per Capita in Type B Households (L.).  
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ESTIMATED FUEL CONSUMPTION PER CAPITA IN TYPE C HOUSEHOLDS (L.) 

N 
Monthly Fuel Consumption Inhabitants in this Household Monthly Fuel Consumption per Capita 

L. U. L. 

1 0.000 6 0.000 

2 0.000 6 0.000 

3 0.000 6 0.000 

4 0.000 6 0.000 

5 0.000 7 0.000 

6 0.000 9 0.000 

7 66.482 6 11.080 

8 66.482 8 8.310 

9 88.643 6 14.774 

Average 24.623   3.796 

Median 0.000   0.000 
Table C.36. Estimated Fuel Consumption per Capita in Type C Households (L.).  
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C.5. Food in Households and Per Capita 

ESTIMATED FOOD EXPENDITURE PER HOUSEHOLD AND PER CAPITA IN LA PILA 

N Estimated 
Monthly Income 

Estimated Monthly 
Food Expenditure 

  Income 
spent on 

Food 

Inhabitants in 
this Household 

Estimated Monthly Food 
Expenditure per Capita 

  MXN MXN % N MXN 
1           5,545.00            1,600.00  28.85 4               400.00  
2           4,355.00            1,600.00  36.74 4               400.00  
3           4,966.67            2,000.00  40.27 4               500.00  
4           9,817.67            4,000.00  40.74 9               444.44  
5           5,700.00            2,400.00  42.11 3               800.00  
6           5,170.00            2,400.00  46.42 6               400.00  
7           7,499.66            3,600.00  48.00 3           1,200.00  
8           6,550.00            3,200.00  48.85 4              800.00  
9           2,010.00            1,000.00  49.75 5              200.00  

10           5,176.67            2,600.00  50.23 5              520.00  
11           5,425.00            2,900.00  53.46 3              966.67  
12           5,425.00            2,900.00  53.46 4              725.00  
13           5,425.00            2,900.00  53.46 4              725.00  
14           5,425.00            2,900.00  53.46 4               725.00  
15           5,425.00            2,900.00  53.46 4               725.00  
16           7,440.00            4,000.00  53.76 4           1,000.00  
17         10,331.67            6,000.00  58.07 5           1,200.00  
18         10,216.67            6,000.00  58.73 6           1,000.00  
19           7,200.00            4,270.00  59.31 8              533.75  
20           7,200.00            4,270.00  59.31 6              711.67  
21           7,200.00            4,270.00  59.31 6              711.67  
22           5,260.00            3,200.00  60.84 5               640.00  
23           6,500.00            4,066.00  62.55 5               813.20  
24           6,500.00            4,066.00  62.55 5               813.20  
25           6,500.00            4,066.00  62.55 5  813.20  
26           6,500.00            4,066.00  62.55 5               813.20  
27           6,500.00            4,066.00  62.55 5               813.20  
28           6,500.00            4,066.00  62.55 5               813.20  
29           6,500.00            4,066.00  62.55 5               813.20  
30           8,808.33            5,600.00  63.58 5           1,120.00  
31           4,400.00            2,800.00  63.64 4              700.00  
32           3,700.00            2,400.00  64.86 4              600.00  
33           6,094.33            4,000.00  65.63 4           1,000.00  
34           7,125.00            4,800.00  67.37 7              685.71  
35           5,150.00            3,600.00  69.90 4               900.00  
36           6,343.67            4,500.00  70.94 4      1,125.00  
37           2,780.00            2,000.00  71.94 3              666.67  
38           7,170.00            5,200.00  72.52 6              866.67  
39           7,731.67            6,000.00  77.60 5           1,200.00  
40           3,591.66            3,200.00  89.10 6  533.33  

Average           6,178.97           3,586.80  58.09    760.45  
Median           6,421.83           3,800.00  59.31     762.50  

Table C.37. Estimated Food Expenditure per Household and per Capita in La Pila.  
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ESTIMATED FOOD EXPENDITURE IN TYPE A HOUSEHOLDS 

N Estimated 
Monthly Income 

Estimated Monthly 
Food Expenditure 

 Percentage of 
Income spent on 

Food 

Inhabitants in 
this Household 

Estimated Monthly 
Food Expenditure per 

Capita 
  MXN MXN % N MXN 

1           4,355.00           1,600.00  36.74 4              400.00  

2           5,545.00          1,600.00  28.85 4              400.00  

3           4,966.67            2,000.00  40.27 4              500.00  

4           2,780.00            2,000.00  71.94 3              666.67  

5           3,700.00            2,400.00  64.86 4              600.00  

6           5,700.00            2,400.00  42.11 3              800.00  

7           4,400.00            2,800.00  63.64 4              700.00  

8           5,425.00            2,900.00  53.46 3             966.67  

9           5,425.00            2,900.00  53.46 4              725.00  

10           5,425.00            2,900.00  53.46 4              725.00  

11           5,425.00            2,900.00  53.46 4              725.00  

12           5,425.00            2,900.00  53.46 4              725.00  

13           6,550.00            3,200.00  48.85 4              800.00  

14           7,499.66            3,600.00  48.00 3           1,200.00  

15           5,150.00            3,600.00  69.90 4              900.00  

16           7,440.00           4,000.00  53.76 4           1,000.00  

17           6,094.33            4,000.00  65.63 4           1,000.00  

18           6,343.67            4,500.00  70.94 4           1,125.00  

Average          5,424.96          2,900.00  54.04                775.46  

Median         5,425.00         2,900.00  53.46                725.00  
Table C.38. Estimated Food Expenditure in Type A Households.  

ESTIMATED FOOD EXPENDITURE IN TYPE B HOUSEHOLDS 

N 
Estimated 

Monthly Income 
Estimated Monthly 
Food Expenditure 

 Percentage of 
Income spent on 

Food 

Inhabitants in 
this Household 

Estimated Monthly 
Food Expenditure per 

Capita   MXN MXN % N MXN 
1          2,010.00          1,000.00 49.75 5              200.00  
2          5,176.67          2,600.00 50.23 5              520.00  
3          5,260.00          3,200.00 60.84 5              640.00  
4          6,500.00          4,066.00 62.55 5              813.20  
5          6,500.00          4,066.00 62.55 5              813.20  
6          6,500.00          4,066.00 62.55 5              813.20  
7          6,500.00         4,066.00 62.55 5               813.20  
8          6,500.00         4,066.00 62.55 5               813.20  
9          6,500.00         4,066.00 62.55 5               813.20  

10          6,500.00         4,066.00 62.55 5               813.20  
11          8,808.33         5,600.00 63.58 5           1,120.00  
12          7,731.67         6,000.00 77.60 5           1,200.00  
13        10,331.67         6,000.00 58.07 5           1,200.00  

Average           6,524.49         4,066.31  61.38               813.26  
Median           6,500.00        4,066.00  62.55               813.20  

Table C.39. Estimated Food Expenditure in Type B Households.  
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ESTIMATED FOOD EXPENDITURE IN TYPE C HOUSEHOLDS 

N Estimated 
Monthly Income 

Estimated Monthly 
Food Expenditure 

 Percentage of 
Income spent on 

Food 

Inhabitants in 
this Household 

Estimated Monthly 
Food Expenditure per 

Capita 

  MXN MXN % N MXN 

1           3,591.66            3,200.00  89.10 6             533.33  

2           5,170.00            2,400.00  46.42 6             400.00  

3           7,125.00            4,800.00  67.37 7               685.71  

4           7,170.00            5,200.00  72.52 6               866.67  

5           7,200.00            4,270.00  59.31 8               533.75  

6           7,200.00            4,270.00  59.31 6               711.67  

7           7,200.00            4,270.00  59.31 6               711.67  

8           9,817.67            4,000.00  40.74 9               444.44  

9         10,216.67            6,000.00  58.73 6           1,000.00  

Average           7,187.89            4,267.78  61.42                654.14  

Median           7,200.00            4,270.00  59.31                 685.71  
Table C.40. Estimated Food Expenditure in Type C Households.  
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