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Abstract:  
The idea of evolutionary resilience in complex systems has gained attention in the recent years. This 

approach provides better insights in the context of emergence and adaptive capacity , that characterises 

complex adaptive systems (CAS) such as social-ecological systems (SES), than traditional reductionist and 

engineering resilience approaches. Departing from this premise, a set of methodologies that are funded in 

these principles have been developed, with promising perspectives for the analysis of these systems. In this 

thesis, one of these methodologies, the panarchy, is applied into La Marjaleria case study, in Castelló 

(Spain), in order to explore its capacity to offer new useful insights for the management  of the area through 

the scope of resilience. 

 

Looking for a systematic methodological approach, the focal SES and their scales are initially defined, 

followed by an adaptive cycle approach, performed for each of the scales, and finally a panarchy approach 

that is applied through focusing on the interactions between the adaptive cycles at the different scales. The 

results are also presented through a new graphic approach that accounts for the representation of the 

adaptive cycles at the different scales and their interactions in a dynamic manner that includes the time 

variable, and that can therefore facilitate its understanding.  

 

From the analysis performed, the system is found to be stuck in a rigidity trap because of the lack of 

transformative visions from both scales above (municipality) and below (households). Furthermore, the 

influence of cascade effects from both the upper and lower scale in the manner through which the focal 

scale navigated the adaptive cycle has become evident. The panarchy has also helped to discover some 

existing mismatches and archetypes affecting the system. After all, a general resilience assessment has 

helped to find out that the system presents a low resilience, and therefore an inherent risk of collapse in the 

event of external shocks that can make thresholds to be crossed.  

 

A further analysis, focused on the specific resilience, has been performed for the risk of flooding. The 

results show that the engineering resilience approach through which this risk has been traditionally 

managed could have helped to underestimate flood hazard and therefore contributed to an irresponsible 

occupation of the floodable area. New approaches towards resilience risk management could help to address 

the problematics caused by floods and also open new opportunities for long-term sustainability of the 

system. 

 

The panarchy approach can offer useful insights for the assessment of SES from the scope of complexity 

and multi-scale interactions, providing an approach consistent with the evolutionary resilience 

characteristic of CAS. However, there still exist some gaps, both in its perception by practitioners and in 

the availability of solid grounds towards the standardization of its application, implying that there is still 

room for further improvement in this methodological approach. 
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Summary:  

The concept of resilience has gained attention in the recent years in the context of sustainable development and the 

risks derived from the Anthropocene, as an alternative to traditional deterministic approaches to the management of 

natural and social systems. In this context, new approaches to study the systems that account for an integrated 

assessment of both social and ecological systems have appeared, therefore allowing to capture the complexity and 

interdisciplinarity that characterises the reality of our world through the idea of “social-ecological systems”. In 

consonance with this new stage of perception of world’s reality, new methodologies have appeared, that can 

potentially open the path for new interesting insights to deal with some of the problems that currently affect the 

natural and social systems. One of these methodologies is the panarchy. 

 

The panarchy method allows for an approach to complex systems that makes the integrated analysis of social-

ecological systems possible, by capturing the essence of the evolutionary resilience that characterises complex 

adaptive systems, and accounting for multi-scale interactions and their effects in the system. One of the most 

interesting aspects of this methodology is its conceptual simplicity, that enables the possibility to assess complex 

systems without the need of specific programming knowledge nor computer software. Also, it has proved to give 

useful approaches in different contexts, as it can be seen by the growing research interest that has appeared recently 

around it. 

 

The aim of this thesis is to apply the panarchy methodology to the specific social-ecological system of La Marjaleria, 

in Castelló (Spain). This system has been at the edge of both social and ecological conflicts at multiple levels, and 

to this date no feasible nor agreed solution has been found. Consequently, the application of a panarchical approach 

can generate new interesting lines to explore the nature of the problems, and offer new grounds towards deliberation 

and consensus among stakeholders. Therefore, a general assessment of the management history and the manner in 

which interactions among scales have shaped the system is performed. Also, because of the high risk of flooding 

that exists in the area, a special consideration is given to this specific problem. 

 

The application of the panarchy method offered new interesting approaches to assess the manner in which La 

Marjaleria system has evolved, which differ from those found in bibliography. The panarchy accomplishes in 

catching the essence of complexity in social-ecological systems, and allows for existing problems at a systemic level 

to become evident, therefore opening routes to new management strategies that can be addressed in a more accurate 

manner to the existing reality of the system. It can be useful to asses both general and specific resilience, although 

an interpretation of the results is needed in order to generate relevant insights. Yet, far from perfection, this 

methodology applied to the analysis of complex systems offers promising alternatives to deterministic approaches, 

although further research is needed to fulfil some of the existing gaps and uncertainties that can potentially 

undermine its usefulness. 
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1. Introduction 

The concept of sustainability is a contested one (Williams and Millington, 2004). A lot has been 

talked about it, but yet it lacks of a strict and universally agreed definition of the term (Moore et al., 

2017), even more when it comes to its application to real cases (Bhanot, Rao and Deshmukh, 2019) 

and, more importantly, to envision how a future sustainable society would look like (Hopwood, Mellor 

and O’Brien, 2005). Some authors even remark on its nature as a “wicked problem” (Peterson, 2013), 

that cannot be solved but just managed for the better. These perspectives, however, embrace a 

common view: that sustainability is a complex issue, and in order to understand its complexity, 

appropriate methodologies are needed. This is the core idea in the science of complex systems 

(Berkes, Colding and Folke, 2003). 

 

Complex systems approach supposed a shift from traditional scientific methodologies that study 

nature from a deterministic and reductionist perspective, in which every part of the whole can be 

studied and understood individually in order to generate reliable knowledge of the system, that 

becomes therefore predictable and linear (Berkes, Colding and Folke, 2003). It has been argued that 

this approach creates oversimplification and extreme specialization that impedes an adequate flow of 

knowledge between disciplines (Gallagher and Appenzeller, 1999). In contraposition, complexity 

accounts for the interactions that happen at different scales and between different actors of the system, 

and that generate complex (chaotic) patterns and behaviours even when departing from simple rules 

(Ladyman, Lambert and Wiesner, 2013). Thus, the system cannot be understood by studying the parts 

individually: it needs to be studied as a whole. Because of this, complex systems  methodologies rely 

on inter and transdisciplinarity, and holist techniques, that account for the emergent properties of 

systems, and that focus not only on the elements but also in their interactions and flows of information 

and stocks at different scales (Newell, 2006). A good example of these complex systems are the social-

ecological systems (SES). 

 

Social-ecological systems (SES) represent a unique approach to study human and natural systems 

together (Pan et al., 2019). Moving away from the traditional Western conception that separates 

social-economical and natural systems and study them individually, SES approach integrates them in 

a unique vision that embraces complexity and interdisciplinarity (Petrosillo, Aretano and Zurlini, 

2008; Pan et al., 2019). From the scope of SES, the evolution of human societies in specific bio-geo-

physical areas cannot be considered as something isolated, neither the evolution of the environment: 

the past and present of the system is highly determined by the interaction of their elements, both 

inside each subsystem and between them, and at multiple scales (Berkes and Folke, 1994). This means 

that, although a reductionist approach can be useful to understand the basics of each element, it will 

never give an accurate representation of the system as a whole, with the consequent need of an 

integrative approach. And this approach is represented by the science of SES (Virapongse et al., 

2016). 

 

One of the central elements that appear in the study of SES is the idea of resilience . As complex 

systems premise is to accept that change is inevitably linked to systems, resilience is about embracing 

change and preparing for it, in order to allow the system to evolve with it instead of resisting to it 

(Walker and Salt, 2006), therefore shifting the perception of change from something negative to 

positive. 

 

Many of the problems that SES face nowadays have their roots in the lack of complex scope and 

resilience thinking (Walker and Salt, 2006). The total reliance in efficiency and optimization brought 

by the traditional reductionist approach is based in excluding change from systems, to meet the 

specific and narrow conditions needed for efficiency (Berkes, Colding and Folke, 2003). A system 

without the ability to change is under a high risk of break down when ignored critical properties 

suddenly hit back (Gunderson et al., 2010).  For this reason, and in the context of a changing world 

in which the Anthropocene brings new risks and challenges (such as climate change) that threaten the 

survival of societies and systems, there is a need to rethink reductionist management practices and 

apply resilience ideas into existing systems in order to help reducing vulnerability and open roads for 
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adaptive pathways to occur (Berkes and Folke, 1994). 

 

Although resilience thinking can usefully provide general guidelines to enhance resilience in SES, 

the fact that each SES is unique means there are no unique solutions that can be universally applied 

in every case (Gunderson et al., 2010; Walker et al., 2004). With the purpose to translate resilience 

thinking into reality, it needs to be adapted to the specific conditions and characteristics of the target 

SES. Having this premise into account, this thesis applies the principles of resilience thinking into a 

specific SES with the purpose of assessing its current situation and exploring ways to improve its 

resilience to future disturbances. This will help to gain insight into translating theory into practice 

and will arise the challenges and opportunities that resilience thinking brings in this specific SES. 

Hopefully, this will also help to improve understanding of resilience and its operative capacity in this 

case and in similar ones. 

 

The main interest in the selected topic has risen from the realization that SES study methodologies 

are not being commonly used in the Mediterranean area, and especially in Western Region. This 

means there is a gap of knowledge that would be interesting to fill, even more in the context of an 

increasing climate change, and its potentially dramatic impacts in this specific region (IPCC, 2015). 

SES methodologies have offered interesting insights to explore resilience in different areas, therefore 

it is reasonable to assume that the same outcomes could be obtained from their application into 

Western Mediterranean areas. 

 

The aim of this thesis is, therefore, to apply a specific methodology into a selected SES in Spain’s 

Mediterranean area. The central hypothesis is that systems thinking and SES approaches can offer 

useful insights to address resilience topics into Mediterranean areas , and more specifically, they can 

help to address current gaps in risk management against floods in peri-urban areas. 

 

The specific objectives of the thesis are: (1) to explore the concept of resilience in the specific context 

of SES; (2) to apply the SES framework into a study area; (3) to explore the current resilience of the 

selected SES; and (4) to elaborate into the capacity of a SES approach to assess flood risks. 

 

There are several challenges in this process. First of all, making an interdisciplinary study by oneself 

can impose many boundaries derived from limited knowledge of a person, and by giving a huge weight 

into specific disciplines while ignoring others (Linstädter et al., 2016). Also, the limited availability 

of time and resources for the development of the thesis imposes another constraint. Finally, there is 

always some degree of subjectivity in the study of SES, when it comes for example to establishing 

the boundaries of the system and the scales (Berkes, Colding and Folke, 2003). However, the effort 

to apply resilience thinking in a specific system is justified by the need to make resilience operative 

in a real case and learn by doing before it is too late for sustainability. As Berkes (2017) remarks, 

Anthropocene’s fast changes require of problem-oriented, flexible and experimental approaches. The 

research developed in this thesis, therefore, aims to provide some initial basics to understand the 

complexities and challenges that can arise by applying resilience thinking to a specific SES, to learn 

from previous experiences and, hopefully, to serve as a ground for future development of new research 

in the specific SES used in this study.  

 

In chapter 2, a deeper analysis of some key concepts, such as social-ecological systems and resilience, 

is performed, in order to gain insights that allow to develop an operative use of them. In the same 

line, in chapter 3, the chosen SES is investigated and characterized in order to fill the information 

gaps that can create obstacles to the development of the methodology. For the methodological 

approach of the case study, the specific methodology of the “panarchy” analysis has been selected  

because of its simplicity, versatility, and novelty in the specific area of study . This method is 

presented in chapter 4, and subsequently applied into the selected SES (chapter 5) and a discussion 

of the results is performed (chapter 6). Finally, conclusions (chapter 7) are presented, including some 

insights about gaps, uncertainties and possible future research lines.  
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2. Background 

The main purpose of this section is to provide the theoretical framework of the basic concepts that 

are needed in order to successfully develop this dissertation. At the same time, a review of the state-

of-the-art with regards to these concepts and their relevance into current research trends is provided. 

Linking this section with the topic of this thesis, first of all a general introduction about recent 

paradigm shift in the study of natural and social systems is presented, highlighting the transition from 

disciplinarity and reductionism to interdisciplinarity and holism. Then, a brief presentation of the 

idea of complexity in systems is provided, and is subsequently linked with the concept of social-

ecological systems (SES) and its characteristics. After that, some briefs about the idea of resilience 

and its connections with complex systems, and especially SES, are provided , together with a short 

approach to ideas of resilience as linked to risk management . Finally, the theoretical framework of 

the methodologies used to develop the research (the adaptive cycle and the panarchy) is presented.  

2.1. Rethinking knowledge production 
 

If there is one relevant feature that can be extracted from the reality of the world, it is “complexity”. 

Complexity is part of our life and our environment, from the technology that makes our computers 

and phones work to the intricate organization of an ecosystem, from the complexity of our brain to 

the chaotic behaviour of the climatic machine. Life is about complexity, and this complexity happens 

at many levels: from the functioning of a cell, to the organization of societies at a global scale. 

However, human behaviour throughout the history has rarely accounted for this complexity. The 

history of knowledge and science is a prove of how humans have continuously relied in simplistic 

and mechanistic approaches to understand the world and its features (Walker and Salt, 2006). 

Because the production of knowledge is not a neutral nor objective process, there is a need to 

continuously analyse it from a critical perspective (Domanska, 2010). And, according to many 

authors, the time for criticism and rethink the knowledge principles is now (Berkes and Folke, 1994; 

Berkes, Colding and Folke, 2003). 

 

Many academics agree that we are now in the Anthropocene era (Crutzen, 2006; Steffen et al., 2011), 

and this is the best example of the paradigm shift that knowledge is experimenting in the recent 

years. This new perception of the relationships between humanity and nature, that accounts for the 

huge role that humans can have in reshaping the environment at a global scale (Rockström et al., 

2009), opens new visions to be critical about traditional knowledge production methods and create 

new paradigms that can help to deal with current global challenges (Olsson et al, 2017; Valladares, 

Magro and Martín-Forés, 2019). 

 

The main change in knowledge production methods has focused into stepping away from traditional 

reductionist and deterministic approaches and embracing holism. Holism is the general idea that it 

is not possible to understand the behaviour of a system by focusing only in the study of the individual 

parts. And this is the main basis for systems thinking (Meadows, 2009, p. 11). 

 

Systems thinking is funded into three main axioms (Merali and Allen, 2011): (1) the existence of an 

identifiable entity that can be defined as “a whole” or “system”, (2) a number of inter -connected 

parts that form the “system”, and (3) the existence of properties that cannot be attributed to any 

individual part but to the whole system as a unit (emergence). Departing from this information, a 

definition of “system” can be built: a system is a set of parts that are interconnected and can be 

distinguished from the external environment (physically or functionally), and that produce a 

behaviour and a set of properties only identifiable through its consideration as a structural and 

functional unit. Its consideration as a unit means that single changes in its parts or connections may 

have an impact in the whole system, thus changing its behaviour and functionality (Dattée and 

Barlow, 2010). This idea is an important part of systems thinking, in contraposition to reductionism, 

which believes that single and manageable changes in an element are possible when having enough 

information about this element. Systems thinking means becoming aware that changes in single parts 

of the system can have critical consequences in the whole system. 
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Systems thinking should not be considered as a technique, but rather as a philosophy, a way of 

thinking about knowledge production that appears as contraposition to the traditional reductionist 

philosophy (Churchman, 1968). There are many different methodologies that are developed through 

the principles of system thinking (Jackson, 2001). It does not mean that reductionism should be 

considered as obsolete and therefore be abandoned; the purpose of systems thinking is to fulfil the 

gaps that have been detected in reductionist approaches throughout the history , but it is reasonable 

to assume that all approaches are prone to have disadvantages and gaps. In fact, the new scientific 

approach should not be based in excluding, but in embracing many different perspectives that can 

complement each other, such as reductionism and holism, and take advantage of the synerg ies that 

can emerge from these relationships (Fang and Casadevall, 2011). 

 

2.2. Embracing complexity in the study of systems 

 

Not all systems are equal. In the context of systems thinking, and when it comes to the study of 

systems, a special attention needs to be given to complex systems. Because of the impossibility to 

find an aggregated definition of complex systems from existing literature and the fact that exploring 

this would mean stepping away from the main purpose of this thesis, a basic approach to complex 

systems is done through a set of common features that can be attributable to complex systems, and 

in which many different authors agree. According to literature, some basic features of a complex 

system are (Liljenström and Svedin, 2005; Helbing and Lämmer, 2008; Ladyman, Lambert and 

Wiesner, 2013):  

 

- Huge volume of information: large number of elements with complex connections between 

them that generate huge amounts of information. 

- Nonlinearity: there is no single equilibrium state nor outcome, and small changes in single 

elements can create big changes in the whole system because of lags and discontinuities. The 

resulting state is path-dependent (not determined only by initial conditions). 

- Feedback: the interconnections between the elements are iterative, so the reactions of the 

system to changes in the information are non-intuitive. 

- Self-organization: order and coordination appears spontaneously at an aggregate level from 

disaggregated behaviour on the components. This implies that there is no centralized 

command. 

- Robustness: the system has self-preservation tendencies, so in case of external disturbances 

tends to absorb them and re-organize to avoid collapse. 

- Emergence: complex patterns are generated from simple behaviour of elements. Therefore, 

the resulting properties of the system cannot be deduced or attributed to any specific part, 

but only understood when considered as a whole. 

- Multiple scales: a complex system can be divided into subsystems and can also be considered 

a subsystem embedded into higher level systems. This implies the existence of cascade 

effects between systems, so changes in one system may be transmitted to its subsystems.  

- Chaotic behaviour: oscillatory and non-periodic patterns that make the system’s long-term 

behaviour difficult to predict. Also, they can show amplification: small perturbations can 

create big changes in the system’s behaviour. 

- Existence of thresholds: complex systems have no single equilibrium state, so they can exist 

in different states. These states are determined by one or more thresholds, variables or 

conditions that mark transition phases between different equilibrium states.  

 

The consideration as complex systems come, precisely, from the difficulty to understand them 

through the use of traditional analysis tools (Thomas, Prasad and Mathew, 2016). The use of 

traditional linear mathematical approaches into these systems is generally not possible, or if possible, 

would not give an accurate idea of the behaviour and properties of the system, therefore systems 

thinking provides a more adequate framework to study and understand them. That is the reason why 

modern and generally computer-based approaches are needed in order to process the huge amount of 

data required to build relevant functional models for these systems (Cotsaftis, 2009). Complex 

systems are present in our daily life. Some examples are the internet (Park, 2005), the climate 

(Snyder, Mastrandrea and Schneider, 2011), cities (Batty, 2008), and also the Earth itself (Donner et 
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al., 2009). Even at small scales, complex systems can be found, like in the case of human cells 

(Ma’ayan, 2017). 

 

Inside the field of complex systems, there is a special approach that requires some brief attention 

before moving forward: complex adaptive systems (CAS). CAS constitutes a methodology to study 

complex systems that focuses on the emergent properties that appear from the interactions of agents, 

and that drive the system towards a specific basin of attraction (Carmichael and Hadžikadić, 2019). 

The main characteristic of CAS is to consider that the system can “learn”, it is, adapt to the changing 

external and/or internal conditions in order to maintain its properties. There are four major features 

that a system must present to be considered as a CAS (Holland, 2006): (1) interactions between 

agents happen simultaneously so there is a large flow of information (network), (2) the agents 

respond in a different manner according to the information they receive (feedbacks , dynamism), (3) 

actions executed by agents act as “building blocks” for improved collective response (emergence) , 

and (4) the agents adapt their actions in order to improve performance (learning, self-organizing).  

 

In the behaviour of CAS there are two important elements to consider: thresholds and resilience 

(Carmichael and Hadžikadić, 2019), concepts that, because of its importance, will be addressed in 

the following sections of this dissertation.  

 

2.2.1. Social-ecological systems (SES) 
 

“Social-ecological systems” is a type of complex systems approach that has gained attention in the 

recent years. The appearance of this framework to approach sustainability and management conflicts 

in specific areas has supposed a revolutionary shift that offers promising perspectives for the future 

in the context of the Anthropocene challenges (Partelow, 2018; Pan et al., 2020). The main scope of 

SES approach during recent years has been centred in its application on a local scale, focusing the 

study into specific local resilience and sustainability challenges (De Vos, Biggs and Preiser, 2019). 

However, the multiple studies are characterized by their diversity of methodological approaches 

(Binder et al., 2013). Far from making a comprehensive approach to the topic of SES, which would 

require of a thorough research, this section aims to draw a general picture that can help to understand 

the basics used in the following chapters of the thesis. 

 

Because of the complexity of the topic, no single and strict definition of SES is found in literature. 

In fact, many of the articles that have SES as main topic do not even offer a definition nor theoretical 

approach to the concept (Colding and Barthel, 2019), and when present, definitions vary significantly 

in extension and complexity (Herrero-Jáuregui et al., 2018), ranging from their consideration as a 

methodological work field to a real epistemic system (De Vos, Biggs and Preiser, 2019). The first 

operational approach for SES was developed by Folke and Berkes in 1998, with the idea to create a 

framework that could help to address institutional social-ecological resilience issues (Colding and 

Barthel, 2019). Although in literature the terms “social-ecological”, “socio-ecological” and “socio-

ecosystem” are used as synonyms to refer to SES (Herrero-Jáuregui et al., 2018), Berkes (2017) 

argues that the use of the term “social-ecological” responds to the consideration of an equal 

importance for both social and ecological subsystems, in contraposition with “socio-ecological” in 

which the word “socio” acts as a modifier instead of as a noun, being the former more appropriate. 

 

In their first methodological approach to SES, Berkes and Folke (1998) introduced the concept of 

SES to “emphasize the integrated concept of humans-in-nature” (Berkes and Folke, 1998, p. 4), idea 

that was motivated by the “view that social and ecological systems are […] linked, and […] the 

delineation between social and natural systems is artificial and arbitrary.” (Berkes and Folke, 1998, 

p. 4). They also distinguished among five types of elements used to describe a SES (ecosystem, 

people and technology, local knowledge, property rights, and institutions) (Berkes and Folke, 1998, 

pp. 15-19), and three types of capital that act as reservoirs (human-made capital, natural capital and 

cultural capital) (Berkes and Folke, 1998, p. 6). Finally, they also emphasize the need of an approach 

based on adaptive management, in which the focus is set into the interactions (mainly represented 

by feedbacks) between both subsystems that co-evolve (Berkes and Folke, 1998, p. 10). 
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Since then, SES has been catching more attention year after year (Fig. 1). However, many authors 

argue that this field of study is still immature and evolving (Herrero-Jáuregui et al., 2018; Colding 

and Barthel, 2019; De Vos, Biggs and Preiser, 2019). Also, no single and strict methodological 

approach exists, mainly because of its interdisciplinarity and the incorporation of a multiplicity of 

concepts and ideas from different fields (Partelow, 2018).  All these factors make this field of study 

highly complex and challenging to universalize. 

 

 
Fig. 1. Bar chart with the annual number of publications including the terms “social-

ecological system”, “socio-ecological system” or “socio-ecosystem” in the title and 

abstract between 2000 and 2019 (adapted from Dimensions.ai, 2020a). 
 

Because of the complexity of the topic, and to avoid excessive distancing from the main scope of 

this thesis, no single definition of SES is given. However, some examples of existing definitions can 

be consulted in the Appendix A. Nevertheless, for the sake of operability, providing a set of common 

features extracted from definitions is considered relevant, in order to help to identify the basic 

characteristics of SES approaches and, therefore, help to define the focal SES object of this thesis . 

Some of these features include: 

- The interdependence and close connectedness (both spatial and temporal) between social and 

ecological systems that implies the need of an inclusive framework to address  their study in 

an adequate manner (Berkes and Folke, 1998; Fidel et al., 2014; Kerner and Thomas, 2014). 

- The consideration of SES as CAS (Biggs et al., 2012; Delgado-Serrano et al., 2015; Berkes, 

2017). This implies that their main features include: network structure, existence of 

feedbacks, emergent nature, and capacity to self-organize. 

- The close relationship of the focal system with upper and lower scale systems in a nested 

nature (Walker et al., 2004; Bouamrane et al., 2016). 

- The key importance of the interactions (feedbacks) between the elements of the system and 

the different scales in which it is nested (Walker and Salt, 2006; Liu et al., 2007; Delgado -

Serrano et al., 2015). 

- An approach focused on problem-solving, based on concepts such as resilience, ecosystem 

services, sustainability and governance (Berkes and Folke, 1998; Herrero-Jáuregui et al., 

2018; De Vos, Biggs and Preiser, 2019). 

 

The main idea of the concept is that the ecological subsystem characterizes the development of the 

social subsystem by providing a specific set of unique ecosystem services, natural values and 

resources that condition the evolution of the social subsystem, while the social subsystem manages 

the ecological one according to a set of values, traditions, rules, laws,  technology, etc., that are 

conditioned by the history and current situation of both the ecological and the social subsystems 

(Berkes and Folke, 1994; Berkes and Folke, 1998). Because of these close interactions and linkages, 

that happen in a complex and unique way, it is not possible to understand the system by studying 
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each subsystem separately, thus emerging the idea of SES as the adequate framework to apply in 

these systems. 

 

From these approaches, it can be inferred that the relevance of the SES framework is conditioned to 

its usefulness to address the challenges of the Anthropocene. Indeed, as George E. P. Box said, “all 

models are wrong, but some are useful” (Burnham and Anderson, 2002). In the case of SES models, 

the complexity of the reality that it aims to represent, and the relatively recent and diffuse field of 

interdisciplinary studies in which it is based (Partelow, 2018; Pricope et al., 2020) suppose some of 

the challenges identified in literature. However, its usefulness to address sustainability in many 

areas, in contraposition to the traditional reductionist approach that characterized Western 

management practices in the past, has been proved in many cases (De Vos, Biggs and Preiser, 2019). 

Because of this, and even if far from perfection, it could be considered one of the best available 

techniques to set the framework towards sustainability, even offering new interesting approaches 

that go beyond the traditional “three pillars  of sustainability” conception (De Schutter et al., 2019), 

and helping to address current challenging topics such as the operational applicability of the 

Sustainable Development Goals (Schultz et al., 2019). 

 

Although its usefulness, some criticisms to the SES framework can also be extracted from the 

literature, most of them coming from the social sciences. For example, Stojanovic et al. (2016) argue 

that, when applying interdisciplinary scopes, quantitative approaches are preferred over qualitative 

ones, thus favouring traditional natural sciences approaches over interpretative social sciences ones. 

In the same line, they also argue that power relations are not questioned and given as granted, thus 

“an inherent conservatism is suspected” (Stojanovic et al., 2016)  that benefits status-quo. Fabinyi, 

Evans and Foale (2014) also argue that strong biases are detected, such as the tendency to 

homogenize social complexity by aggregating different individuals into a common category. 

Armitage et al. (2012) state that SES methodologies fail at accounting that social and ecological 

systems show essential structural and behavioural differences. Olsson et al. (2015) remark that the 

conception of the social subsystem in SES is founded on sociological theories that have been highly 

criticized recently, and they also discuss the subjectivity, and even in some cases arbitrari ty, in 

establishing the boundaries of the SES. And these are just a few of the existing criticisms. Therefore, 

the application of SES methodologies needs to be done by accounting for these and other possible 

biases and gaps.  

 

Despite criticism, because of its usefulness as a relevant way to approach social -ecological 

interactions in a holistic manner and to address sustainability issues at local scales, it has been 

decided to apply a SES approach into the focal system of this thesis, based on its potentialities. 

 

2.3. Resilience 

 

The main application of SES research has been focused, among other topics, in the study of 

resilience, ecosystem services and sustainability (Herrero-Jáuregui et al., 2018). Resilience is an 

example of an emergent property in complex systems, that cannot be noticed by studying the system 

from a reductionist scope (Berkes, Colding and Folke, 2003), and appears from the capacity of 

complex systems to self-organize and re-organize after perturbations (Walker et al., 2004). In the 

recent years it has caught the attention because of its capacity to offer an approach to systems that 

differs from the traditional reductionist and “static equilibria” view (Chandler, 2014, p. 12).  Again, 

without the purpose to make a comprehensive approach to the topic, a general approach is presented 

in order to offer an overview of the term and its complexities in an operative manner.  

 

The definition of resilience has not been static, but evolved over time (Berkes and Folke, 1994; 

Kerner and Thomas, 2014), and in fact it is still evolving and adapting to the different fields of study 

in which it is being applied (Davidson et al., 2016). However, the main shift came from embracing 

the idea that a complex system is not in a static equilibrium, and in fact can have more than one 

stable nature (Holling, 1996). The first conception, “engineering resilience” (Holling, 1996, p. 33), 

refers to resilience as the capacity of a system to remain in a static equilibrium state despite external 

pressures, and in case of disturbance, to return to the previous equilibrium state  (Holling, 1996, p. 
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33). This conception entails a linear, reductionist, single-equilibrium and cause-effect approach that 

embraces predictability and manageability of resources (Berkes and Folke, 1998, p. 12). In 

contraposition, “ecological resilience” (Walker et al., 1981) considers that systems are not in a static-

equilibrium state but behave according to stability domains (or “equilibrium states”), and their 

behaviour depends on inner structure and outer pressures that can eventually push the system towards 

a different behavioural regime and stability domain (Holling, 1996, p. 33). In this case, systems are 

conceived as complex, uncertain, non-linear, self-organizing and showing multiple equilibrium 

states, so resilience makes reference to its robustness and capacity to buffer changes (i.e. absorb 

disturbances and maintain the structure and function) (Berkes and Folke, 1998, p. 12). 

 

The idea of ecological resilience has been commonly explained by using the “ball -in-a-basin” 

metaphor (explained in Fig. 2). Also, ecological resilience introduces a new important concept in the 

resilience literature: thresholds (Holling, 1973). A threshold is the boundary that marks the transition 

between different equilibrium states of the system (Berkes and Folke, 1998, p. 6). When a threshold 

is crossed, the system enters into a new regime that implies a different structure, feedbacks and 

behaviour (Folke et al., 2004). In this context, the idea of resilience must also account for the position 

of the system with respect to thresholds: the closer the system is to a threshold means that even small  

disturbances could push the system towards a different equilibrium state (Walker and Salt, 2006, p. 

45). External disturbances not only make the system to change, but also the basin and the position 

of the thresholds are constantly changing (Walker and Salt, 2006, p. 54). The idea of thresholds is a 

central one in the conception of resilience thinking (Walker and Salt, 2006, p. 11). 

 

 
Fig. 2. Visual representation of the “ball-in-the-basin” model. Each dash line 

represents a “basin” in which the ball (that represents the system) moves. Disturbances 

and feedbacks condition the position of the ball inside the basin. Eventually, the 

system can cross a threshold (line) and move towards a new “basin” with new 

variables and properties (Walker and Salt, 2006). 
 

Going further beyond, the “evolutionary resilience” (Davoudi et al., 2012) also accounts for changes 

derived from the stochasticity inherent to complex systems, which means that they tend to change 

even when no external disturbance is necessarily present (Scheffer et al., 2009). This embraces the 

idea that in complex systems change is a natural and inherent process, and impeding it can have 

undesirable consequences for the system (Davoudi et al., 2012). In the same context, it can also 

happen that a system is stuck in an equilibrium state that, even if stable, might not be desirable. This 

brings up the idea of transformability as a property of healthy systems: the capacity to retain the 

ability to change when the current state is no longer adequate (Walker et al., 2004).  From this scope, 

resilience is about the capacity of the system to persist over changes, coping with them and adapting 

consequently, by avoiding collapsing or getting stuck into undesirable states (Folke, 2016).  
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As it happens with SES, resilience does not possess a commonly agreed, universal and 

comprehensive definition, and an attempt to provide it would be excessively time consuming and 

would suppose a deviation from the main focal point of the thesis. For further information, some 

examples of definitions extracted from the bibliography can be found in Appendix B. Because of 

operative reasons, the discussion in the following paragraphs is moved into how would a resilient 

system look like, and which properties are desirable for resilience. 

 

Walker et al. (2004), for instance, underline three key attributes that determine the trajectories of a 

SES: resilience, adaptability and transformability. Resilience implies the capacity of a system to 

change continuously but without trespassing critical thresholds, and adaptability refers to its capacity 

to adjust responses and processes so the system can evolve and develop within its current stability 

domain (Folke et al., 2010). Adaptability can be considered as part of resilience, in the sense that it 

implies the capacity of the system to manage for resilience (Walker et al., 2004). Transformability, 

in contrast, refers to the capacity to change and move towards a different equilibrium state (to 

manage change) (Walker et al., 2004). This means that a SES in good condition should be able to 

cope with disturbances and maintain its main properties and structure, but at the same time needs to 

have enough capacity to change when the current properties and structure become undesirable or 

unsustainable. Béné et al. (2012), in contrast, use the term “resilience” as an umbrella in which  

adaptation and transformation are also embedded, thus distinguishing three main components for 

resilience: absorptive capacity (persistence), adaptive capacity (incremental adjustment) and 

transformative capacity (transformational responses). Although the  main approximation does not 

differ from the one offered by Walker et al. (2004), they argue that this framework can provide better 

insights to make the idea of “strengthening resilience” operative.  

 

In the context of resilience and its application into real cases, it is common to see a distinction in 

publications between general resilience and specific resilience (Walker, 2009; Folke et al., 2010; 

Hertz, 2015). While general resilience aims to give a global overview of the resilience of the system 

by assessing the system as a whole, specific resilience focuses on target variables of the system and 

their behaviour with respect to thresholds and potential disturbances (Walker, 2009). In other words, 

specific resilience assesses the reaction of the system according to particular shocks and how they 

can affect to particular aspects (such as thresholds), while general resilience accounts for all kind of 

shocks (even new or unforeseen ones) and the overall capacity of the system to cope with uncertainty 

and persist, adapt and transform (Folke et al., 2010). In SES, specific resilience is applied to answer 

to “resilience of what, to what?” (Carpenter et al., 2001) , implying the need to specify the targeted 

components of the system and the shock to be the object of analysis, while general resilience 

evaluates a set of components and properties of the system that characterize its resilient capacity 

(Walker et al., 2014) without considering a specific shock or component. It is also said that literature 

has mostly focused in specific resilience (Walker et al., 2014), but it is important to remark that 

focusing too much into specific resilience can create losses in system’s general resilience (Cifdaloz 

et al., 2010), what arises again the confrontation between reduct ionist and holistic approaches 

(Walker and Salt, 2006, p. 121). However, Walker (2014) remarks the importance of both general 

and specific resilience assessment for an adequate approach to system’s resilience.  

 

In order to explore ways to strengthen the resilience of systems, some research has focused on 

determining which properties are relevant to evaluate and enhance the resilience of a system (Walker 

and Salt, 2006; Carpenter et al., 2012). Walker and Salt (2006, p. 121) identify three important 

factors for resilience: diversity (heterogeneity of components and functions), modularity (degree of 

connectivity) and tightness of feedbacks (speed at which the system reacts to changes and transmit  

them across its structure). Carpenter et al. (2012), elaborate further in this context and present a set 

of nine relevant attributes for SES resilience: diversity (heterogeneity of the components and 

functions), modularity (independence of parts), openness (flow of information beyond system’s 

boundaries), reserves (availability of accumulated stocks), feedbacks (structure of information 

flows), nestedness (multi-scale relationships), monitoring (knowledge about the system), leadership 

(capacity of action), and trust (capacity of cooperation). These two examples can give a general idea 

about which factors can be considered relevant for resilience. 
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Departing from the information above, some literature goes beyond in order to research around ways 

to foster system’s general resilience. It is the case, for example, of Walter and Salt (2006, pp. 145-

148), who present nine principles for resilience: promote and sustain diversity, embrace ecological 

variability, enhance modularity, acknowledge and focus on slow variables, equilibrate feedbacks, 

promote social capital (trust, social networks and leadership), emphasize innovation and change, 

foster redundancy in governance, and account for all ecosystem services. In the same line, Biggs et 

al. (2012) identify, through literature review, a set of seven principles to enhance resilience: maintain 

diversity and redundancy, manage connectivity, manage slow variables and feedbacks, foster an 

understanding of SES as CAS, encourage learning and experimentation, broaden participation, and 

promote polycentric governance systems. Although having a set of properties that help to assess and 

apply resilience principles, it is important to remember again that, because of its nature as emergent 

property, resilience cannot be understood as simply a sum of properties, but connections need to be  

considered also through a holistic and systemic lens (Abel et al., 2016; Faulkner, Brown and Quinn, 

2018). This embraces the idea that all the principles need to be accounted at the same time, because 

focusing in a single one and ignoring the others may have counterproductive effects. 

 

In the context of resilience of SES, it is also important to consider one of the main principles of SES: 

its nested nature. Because of its contextualization as embedded into systems at upper scales and 

umbrella for systems at lower scales, resilience in the focal system cannot be considered as 

independent from the supra and subsystems with which it is linked (Walker and Salt, 2006, p. 6). 

Indeed, Cumming, Cumming and Redman (2006) argue that existence of mismatches in management 

of natural systems between scales is one of the main causes of problems in SES resilience. Because 

of the traditional reductionist approach, governance systems have tended to be established in a strong 

top-down structure that avoids redundancy, and that does not offer an adequate adaptive capacity at 

smaller scales (Walker and Salt, 2006, p. 148). Therefore, resilience must account for a multi-scale 

approach of systems. 

  

Although its proven usefulness with respect to traditional management, resilience approach to 

systems has also generated some criticism that needs to be taken into consideration. Like it happened 

in the case of SES framework, most of the criticism comes from the social sciences. For example, 

Béné et al. (2012) remark that the assumption of resilience as positive can make sense from a natural 

sciences perspective, but not necessarily from a social sciences scope in which the division between 

good and bad is generally drawn through power relations and implies agency and conflict issues. 

Therefore, it is claimed that the application of resilience to social systems would need of more solid 

foundations (Davidson, 2010). Davoudi et al. (2012) outline that the idea of resilience and its 

contraposition to strong central governance can make governments abandon their responsibilities, 

what entails neoliberal discourses and social Darwinism approaches in the context of vulnerable 

communities. In general, there are still some doubts about the real usefulness of the theory of 

resilience from the perspective of social sciences (Olsson et al., 2015). Again, resilience approaches 

should also account for weaknesses and self-criticism that can help to improve its usefulness. 

 

Again, and despite criticisms, the current research trends in resilience thinking approaches imply 

that it is probably the best available technique to approach social and ecological challenges in the 

context of sustainable development, and to offer an alternative to the business-as-usual approaches 

to management that have been the root of current social and ecological problems.  

 

2.3.1. Risk management in the context of resilience 
 

Just to make a brief line to how resilience is approached in the context of risk management, some 

basics are presented in this sub-section. With the aim to continue using the SES approach for 

resilience assessment, the risk management approach used in this work is therefore based on the idea 

of SES resilience presented before. Although there are other methods to approach risk assessment, 

they have been deliberately ignored because exploring into them would have required of a further 

study that was beyond the scope of this work. Therefore, only a basic distinction about manners in 

which risks can be approached from two different perspectives is presented: the reductionist one, 
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also called “traditional risk management”, and the holistic one that accounts for  risk management 

from the scope of resilience in systems. 

 

Traditional risk management perspectives are based on a resistance approach, in which the main 

focus consists in excluding the risk and its possible effects in the system with the purpose to maintain 

stability (Wenger, 2017). This approach corresponds to a reductionist scope, in which the system is 

shaped to function only in a specific set of stable conditions, and even small shocks that could help 

to foster the learning towards adaptation are blocked (Wenger, 2017). In contraposition, resilience 

approaches to risk management incorporate the idea of allowing the system to adapt in the event of 

risks, therefore mitigating its consequences and also enabling the system to learn, in order to allow 

for future incremental and transformational changes that can be aligned with the existence of risk 

(De Bruijn et al., 2017). This perspective implies a shift from the traditional approach to risks, based 

on statistical analysis and economic assessments with a top-down scope, to an idea of integration of 

scales and shared responsibilities in which risk is conceived as an opportunity for the system to learn 

and improve (De Bruijn et al., 2017; Wenger, 2017). 

 

One of the criticisms to traditional risk management is that it promotes the further development of 

risk-prone areas by reducing the perception of the risks by the users (Bohensky and Leitch, 2014). 

On the other hand, resilience approaches to risk management are criticised in the context of social 

power agencies and the risk of governments to take responsibilities away (Wenger, 2017).  None of 

the risk approaches is exempt of criticism, but for this case of study they two will be discussed in 

the context of a resilience assessment. 

 

2.4. The adaptive cycle 

 

One of the biggest challenges that resilience thinking and SES approach faced was the construction 

of a model that could offer an operative approach to evaluate and understand their complexity and 

processes. One of the most useful ones has been the adaptive cycle model (Holling, 2001).  This 

model was created in the context of a project aiming to construct an integral framework for complex 

systems that could be useful in the context of system’s sustainability, with three main criteria: 

simplicity, dynamism and prescriptive approach, and embracing uncertainty and unpredictability 

(Holling, 2001). The model departs from the assumption that complexity is not too chaotic to be 

understood, as it has been sometimes argued (Roe, 1998), instead complexity in SES emerges from 

a small set of controlling processes which are critical for the self-organization of the system, and a 

change in one of these variables can make the whole system to change (Holling, 2001). This approach 

reduces dramatically the number of variables thus simplifying their understanding and management, 

and opening possibilities for the development of simple but accurate models of systems , like is the 

case of the adaptive cycle model. 

 

The adaptive cycle represents a metaphor (Holling and Gunderson, 2002, p.33) that is based in three 

properties of systems (Holling and Gunderson, 2002, pp. 32-33; Holling, 2001): 

1. The potential for change, that conditions the range of possible future outcomes, and is 

represented by the amount of resources accumulated. The more resources accumulated means 

the higher potential to use them in the future, thus the more options opened for 

diversification. 

2. The internal controllability, that conditions the flexibility of the system, and is represented 

by the degree of internal connectedness. A highly and tightly connected system is more 

stable, but also more rigid and less flexible in the event of shocks.  

3. The adaptive capacity, that conditions the vulnerability to shocks, and is represented by the 

resilience. A resilient system is capable to persist in the event of a shock (ecological 

resilience). 

 

In order to characterize a system according to these three properties, and departing from the 

traditional ecological perception of systems that accounts for two growth phases , which are 

exploitation (r) and conservation (k) (Holling and Gunderson, 2002, P. 33); two parallel but opposite 

phases are added that counter them and account for dynamism and response of a system in the event 
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of shocks (Holling and Gunderson, 2002, p. 34). These phases are named release (Ω) and 

reorganization (α). A simplified and brief overview of the dynamics of the model is given as follows 

(Holling and Gunderson, 2002, pp. 33-40; Walker and Salt, 2006, pp. 76-78): 

 

During the r phase (exploitation) the system experiments a rapid growth because of the high 

availability of resources and the openness for new opportunities. The system starts to organize 

so the linkages are still immature, and competition is high. As the phase advances, the success 

of some of the components marks the establishment of connections and accumulations of stock, 

and the system increases in complexity and connectivity, thus a specific configuration that 

results from the experiences during the r phase starts to emerge and gets definitely established 

during the k phase. In the k phase (conservation), stocks are accumulated and dominated by a 

small number of components, which requires a big and tightly connected network to allow for 

their flow. The system, thus, become more specialized and tends to efficiency, and innovation 

is greatly reduced. Unpredictability is kept outside the system and the future becomes 

determined. Resilience also declines because of the rigidity and lack of adaptability, thus 

opening the systems to risks from external shocks. Eventually, a shock turns the system into the 

Ω phase (release). The shock causes the system to loss its connectivity and to release the stocks 

accumulated. The longer the k phase persists, the lesser resilience and therefore the smaller the 

shock needed to cause a system’s shift. During this phase the system losses its identity and 

breaks apart, but after the shock, a new opportunity for reorganizing appears, entering into the 

α phase (reorganization). In this phase, there is no “system” anymore, uncertainty and 

experimentation arise and the future is totally open to new opportunities. The lack of 

connectivity can cause new configurations to emerge, and new components can appear. 

Resilience is high because the scenario is totally open to adaptation and reconfiguration. 

Eventually, a new r phase appears in the light of experimentation successes, and new patterns 

appear that start shaping the new system. The new r phase can be similar to the previous one, 

but can also be totally different thus giving birth to a completely new system.  

 

Because of the opposing nature of the growth phase (r and k) and collapse phase (Ω and α), the 

adaptive cycle can be considered as the result of two opposing loops (Holling and Gunderson, 2002, 

pp. 47-49; Walker and Salt, 2006, p. 81): the fore loop (phases r and k) and the back loop (phases Ω 

and α). The fore loop consists in an accumulation of capital and enhancement of stability, while the 

back loop represents uncertainty and novelty that can bring change and improvement. The four 

phases can be represented graphically according to their state with respect to the three properties, 

resulting in a three dimensional diagram (Fig. 3) that is often simplified to a two-dimensional one 

(Fig. 4). Because of the idealized representation, it is important to remark that a system does not 

necessarily need to navigate through all the phases, and sometimes it can “jump” from one to another, 

skipping one or more phases in the process (Walker and Salt, 2006, p. 82).  

 

 
Fig. 3. Three dimensional representation of the 

adaptive cycle metaphor with respect to the three 

properties of systems. In the figure, capacity is 

labelled instead of potential, although the meaning 

does not vary (Westerveld, 2014). 

Fig. 4. Two dimensional representation of the adaptive 

cycle metaphor and its four phases with respect to 

connectedness and potential. The “x” label represents 

the leakage of potential that can generate a less 

productive system (Holling and Gunderson, 2002). 
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The metaphor of the adaptive cycle has been recognized as a useful representation to describe and 

understand the process of change in systems (Walker and Salt, 2006, p. 75). Although it has been 

especially relevant in the field of ecology, it is argued that its usefulness can  go beyond. In fact, it 

has been successfully used in other contexts such as SES (Abel, Cumming and Anderies, 2006; 

Rawluk and Curtis, 2016; Jiménez et al., 2020). In this context, the focus of study is generally placed 

in the management practices that have affected the evolution of the system, and the manner in which 

they conditioned its navigation through the different stages of the cycle. This approach can help to 

gain insights on mismanagement practices and their effect in both social and ecological subsystems 

(Jiménez et al., 2020). 

 

However, from the scope of its application, some authors have criticized the adaptive cycle because 

of being an excessively idealized representation, and therefore built further into this model to make 

some adaptations. In order to improve the model, Burkhard, Fath and Müller (2011) rotated the image 

of the loop 45 degrees because they found incongruent that connectedness increases in the transition 

from the exploitation to the release phase. They also included a graphic representation of the 

dynamics of the fore loop and its dependence on embedded small-scale fast adaptive cycles, that 

cause the system not to evolve in the smooth, linear manner represented in Holling and Gunderson’s 

(2002) model, and also accounted for the dynamism of the reorganization phase and the different 

deepness of reorganization that the system can experiment. Elaborating further in this model from a 

social dynamics perspective, Fath, Dean and Katzmair (2015) presented a version that represents 

social systems, and therefore accounts for the human capacity to impede the cross of thresholds in a 

system through the application of “engineering resilience” principles. This version of the adaptive 

cycle is presented in Figure 5. 

 

 
Fig. 5. Modified version of the adaptive cycle metaphor that represents the manner in which 

phases are navigated in social systems (Fath, Dean and Katzmair, 2015). 
 

From the application of an adaptive cycle approach to the dynamics of systems, another interesting 

perspective comes from the capacity it offers to detect barriers that a system can face and that impede 

its transition to another phase, also referred as “traps” (Carpenter and Brock, 2008). Meadows (2009, 

pp. 111-141) introduces a set of general traps (problematic behaviour archetypes) that can be often 

found in systems: policy resistance, tragedy of the commons, drift to low performance, escalation, 

success to the successful, shifting the burden to the intervenor, rule beating, and seeking the wrong 

goal. In the context of the adaptive cycle approach into social systems, Fath, Dean and Katzmair 

(2015) present a set of four traps, one for each of the phases in the cycle: 

- Poverty trap (r phase): inability to move into a k phase because of excessive competition that 

impedes organization and structure for the accumulation of stocks at a system’s level. 
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- Rigidity trap (k phase): inability to foster innovation caused by a lack of internal complexity 

(excessive accumulation of stocks by a too small amount of components and driven by a few 

of key nodes), which makes the system to be stuck. 

- Dissolution trap (Ω phase): inability to navigate the  Ω phase because of a reluctance to 

change and a focus on maintaining the k phase, thus losing the capacity to improvise.  

- Vagabond trap (α phase): inability to move into an r phase because lack of objective and goal 

to move towards. 

Understanding these traps, their effects and the mechanisms to avoid them is important in order to 

gain insight about what makes systems fail and how failures can be prevented (Fath, Dean and 

Katzmair, 2015). 

 

Although, as said before, the adaptive cycles metaphor has proven to be useful to understand SES 

dynamics, it is not exempt of criticism (Gotts, 2007). The first critical approach comes from the 

authors of the methodology (Holling and Gunderson, 2002, p. 49-52), that insist in its value as a 

metaphor to work with systems, but not as a testable hypothesis about how systems behave and 

operate, because it can lead to oversimplification and misinterpretation. They also account for the 

limited representativeness in the case of “extreme” systems (those who, instead of managing 

interactions with the environment, adapt passively to it (like in the case of pelagic marine 

populations) or become isolated from it (as happens with large bureaucratic organizations)). But 

further critiques come from other literature. For example, it has been questioned whether the three 

dimensions of the model are representative of the relevant aspects of ecosystems, and other variables 

have been proposed by other authors (Abel, Cumming and Anderies, 2006; Janssen et al., 2006). 

Another critique comes from the use of the concept of “adaptive”, and the hierarchical consideration 

of the system as a set of components that are devoted towards a common goal such as the resilience 

or well-being of the system (Levin, 2001). However, Sundstrom and Allen (2019) conclude that 

adaptive cycle, even when far from perfection, gives a good understanding of the dynamics of 

complex systems in a simple and manageable way. One more time, accounting for possible 

weaknesses in the methodology can help to create a better understanding of its limitations and 

therefore make a use that is open to an informed self-criticism. 

 

2.5. Nested adaptive cycles: panarchy 

 

When it refers to its application into real cases, the adaptive cycle presents a set of paradoxes, such 

as change versus persistency, efficiency versus flexibility, connectivity versus adaptability, and so 

on (Gunderson, 2000). Also, another limitation comes from the lack of consideration of multi-scale 

nested nature of SES. The solution to these issues comes from the “panarchy” approach (Holling, 

Gunderson and Peterson, 2002, p. 72). 

 

The central idea of the panarchy is that the adaptive cycles in CAS can be understood as nested 

across scales, each one representing a different scale both above (larger) and below (smaller) the 

focal system (Holling, 2001). These scales interact between them by interchanging information that 

affects each other. Therefore, the resilience of a system cannot be considered as isolated, but needs 

to account for the way in which other scales can affect it and vice-versa (Holling, 2001). The term 

“panarchy” is conceived as a substitute for “hierarchy”, which entails a strong and static top -down 

approach that tends to simplify relationships across levels, and therefore is not adequate in the 

context of CAS (Holling, 2001). 

 

In a panarchical structure, the levels are determined by spatial and temporal orders, and each order 

can be represented by an adaptive cycle (Fig. 6) (Holling, Gunderson and Peterson, 2002, p. 74). 

This implies that each level navigates across phases of exploitation and conservation and also phases 

of release and reorganization (Holling, 2001). This idea incorporates the dynamism that is neglected 

in hierarchical approaches, in which structures are given as natural and considered as persistent and 

immutable (Holling, 2001). The existence of adaptive cycles in multiple levels also implies that 

higher and lower levels can potentially affect each other in a non-top-down manner, but in a complex 

one (Holling, Gunderson and Peterson, 2002, p. 75). Two types of interactions (Fig. 6) can be 

highlighted because of its transcendental capacity to affect other levels during times of change 
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(Holling, Gunderson and Peterson, 2002, pp. 75-76): 

- When a level navigates the release (Ω) phase, it can push the higher level to move from a 

conservation (k) phase, in which the resilience is low, to a release (Ω) phase, through a 

cascade-up effect. This phenomenon is called “revolt”. Examples of this can be seen in forest 

fires spreading from a single spot to a whole landscape, or in local activism forcing regional 

changes. 

- When a level navigates the reorganization (α) phase, the opportunities to reorganize can be 

highly influenced by higher levels in a conservation (k) phase because of their capacity to 

mobilize resources and set the stage for growth at lower levels, thus governing the direction 

of the exploitation (r) phase at the lower level. This phenomenon is called “remember” . One 

example is when, after a fire, a forest can grow again maintaining a similar structure because 

of the seeds from previous species, that represent a reservoir of genetic knowledge, and 

species that developed mechanisms to survive to fires. 

 

 
Fig. 6. Graphic representation of the panarchy and the 

“remember” and “revolt” cross-scale phenomena (Holling, 

Gunderson and Peterson, 2002). 
 

In a general picture, and from a SES perspective, the panarchy offers the vision of a society that 

experiments and innovates at small scales, and that is stable and conserves accumulated knowledge 

at large ones, so the interactions combine learning and continuity (Holling, Gunderson and Peterson, 

2002, p. 76). This is argued to represent the idea of sustainable development: maintaining adaptive 

capacity at the same time that opportunities have space to arise (Holling, 2001). Panarchy, therefore, 

accounts for an interplay dynamic with processes and structures that sustain the interactions and 

elements of the system, and processes and structures that offer novelty and potential  for change 

(Holling, Gunderson and Peterson, 2002, p. 88). 

 

In the context of panarchical structures, two processes have the potential to create a transformation 

that affects the whole system: novelty and collapse (Holling, Gunderson and Peterson, 2002, pp. 88-

98). Novelty happens when non-incremental transformations in one level coincide with periods of 

collapse in other levels, it is, when the innovations that appear in the α phase of a level coinc ide with 

the other levels navigating an Ω phase. In this context, an up cascade effect can appear in which the 

new reconfiguration expands through the whole panarchy. On the other hand, collapse happens when 

an extreme event at larger levels overwhelms the capacity of the whole panarchy, thus unleashing a 

down cascade effect that move all the levels towards a release phase. This happens when all levels 

are stuck in a late conservation phase, with high rigidity and low resilience, thus becoming highly 

vulnerable to shocks. 

 

Implicit in the panarchy metaphor is the idea of evolutionary resilience (Davoudi  et al., 2012). From 



16 
 

this scope, resilience is not seen as static, but as a dynamic process that results from the response to 

shocks and the flow of information between scales that foster adaptability and transformability 

(Davoudi et al., 2012). Panarchy accounts for fast shocks at lower levels, but also for slow variables 

from upper levels and their role in governing the system through threshold effects, and t he potential 

for both to determine the trajectory of the system at different levels. Therefore, resilience should not 

be considered as applicable at a single level, but as part of the interconnections between levels and 

a property of the whole system that cannot be isolated. 

 

One of the critiques to this approach comes from the difficulty that sometimes can appear in defining 

the scales, what becomes more difficult in the context of complex social systems with a huge amount 

of interactions and institutional effects across scales (Gotts, 2007). In the same line, sometimes the 

assumption of small-fast and large-slow is not accurate, like in the case of technological innovations 

in which fast changes can happen at a global scale (Gotts, 2007). Also, from the perspective of social 

sciences, not much is said about power conflicts and the capacity of large agents to manipulate the 

perception of what is desirable for resilience and which kind of innovation is desired (Gotts, 2007).  

In the context of resilience scope, panarchy approach fails to account for possible trade-offs at 

specific system levels (Kharrazi, Fath and Katzmair, 2016). In addition, some of the critiques to the 

adaptive cycle metaphor can also be applied into the context of panarchy, such as the idea  of the 

system behaving as a single organism (Levin, 2001). However, is it also argued that some of the 

criticisms are not a priori incompatible with the panarchy model, therefore is reasonable to think 

that some of them can potentially be solved in the future when the understanding of the methodology 

and the interdisciplinarity of its application increases (Gotts, 2007).  

 

2.5.1. The panarchy methodology applied in study cases 
 

Although the panarchy approach has been mostly used in case studies with a descriptive purpose, it 

is, to identify the main organizational and physical characteristics of systems, it has shown its 

usefulness in quantitative and analytical approaches too (Kharrazi, Fath and Katzmair, 2016). Also, 

it has been satisfactorily used for the analysis of a wide diversity of systems, such as forests, 

fisheries, agricultural regions, water systems, etc. (Kharrazi, Fath and Katzmair, 2016), and for a 

diversity of purposes such as risk assessment, identification of thresholds, adaptive and 

transformative management approaches, and general resilience assessment (Angeler et al., 2016). 

This is a prove of the high adaptability that a panarchy approach allows.  

 

In the context of SES assessment, some articles in which adaptive cycle and panarchy heuristics are 

applied into real cases can be found. Just to mention a few of them as an example, Allison and Hobbs 

(2004) apply the adaptive cycle methodology in an agricultural region in Western Australia to find 

out that the system is stuck in a “lock-in” trap (“dissolution” trap (Fath, Dean and Katzmair, 2015)), 

and acknowledge the need to account for slow variables and to foster innovation. Walker et al. (2009) 

use the adaptive cycle to explore historical changes in the resilience of the Goulburn -Broken 

Catchment (Australia), successfully identifying the navigation of the phases in the system and the 

main events that conditioned its evolution. Carreiro and Zipperer (2011) explore the response of 

urban natural parks to disturbances that push the system towards a release phase, and the different 

responses and interactions across scales that characterizes the response of the whole system. Soane 

et al. (2012) apply a panarchy approach to an Italian alpine grassland SES to gain insight about the 

resources management in the area and create an initial framework for the development of future 

management practices towards sustainability. Abel et al. (2016) make a panarchy approach to explore 

possibilities for adaptation or transformational changes in the Murray-Darling Basin (Australia). 

Jiménez et al. (2020) use an adaptive cycle approach to explore the historical changes in the 

Xochimilco peri-urban wetland (Mexico), by linking the changes at multiple scales and their effect 

in the resilience of the system from a sustainability perspective. These are only some examples of 

the diversity of articles in which a panarchy approach is applied into a SES, that highlight the 

diversity of approaches covered (e.g. historical evolution, assessment of the current state, 

possibilities for future changes) and the potential of the methodology to explore evolutionary 

resilience of SES. 
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Another interesting scope for panarchy approaches includes risk management. Angeler et al. (2016) 

establish a departing point by stating that the foundations of evolutionary resilience in which 

panarchy is based offer new useful approaches to risk management in contraposition with traditional 

engineering resilience perception, by living and managing “with” risk instead of “against” it. 

Pescaroli and Alexander (2016) include interesting insights on how a panarchy approach can help to 

analyse risks in the context of multi-scale linkages and cascade effects, in order to explore 

weaknesses in the resilience of systems. Dorren and Berger (2006) remark that a  panarchy approach 

to risk management can provide useful information of the long-term costs of different risk 

management strategies. Finally, Chia-Sui (2011) applies an adaptive cycle approach into the city of 

Taipei to explore its resilience to flood risks. 

 

From the information above, it can be deduced that panarchy approach can give useful insights for 

the assessment of risk management in SES, by exploring the manner in which SES respond to 

disturbances in the context of evolutionary resilience. 
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3. Area of study 

The area of study corresponds to a SES that is located in the east coast of Spain, in the autonomous 

community of the Valencian Community, the province of Castelló, and the municipality of Castelló 

de la Plana (Fig. 7), in the area traditionally known as “La Marjaleria”. The delimitation of this area, 

according to the municipal land planning (Ajuntament de Castelló de la Plana, 2019a), can be seen in 

Figure 7. 

 
 

 
Fig. 7. Location (red point) and delimitation of the area of study (red polygon) (Google Inc., 2020; Snazzy Maps, 

2020).  
 

The specific study area has been selected because of some particularities that make it interesting to 

apply a SES resilience approach. First of all, it corresponds to a peri -urban area, whose development 

responded to the patterns of an informal settlement, and was established in a wetland area that was 

traditionally dedicated to agriculture. The area is closely linked with water systems in the municipality 

and its surroundings. Because of these characteristics, a high degree of coexistence between social-

economic and environmental factors is still noticeable. Thus, it is interesting to study the area from 

the perspective of SES and assess which are the current characteristics of the area and which 

challenges to its resilience may it face in the future.  

 

La Marjaleria makes reference to “marshland”, an area of land that is regularly subject to floods. This 

area consists of a flood plain that was created due to the deposits that were carried by the streams that 

flow from the mountains, and that can be found near the area (Pérez Cueva, 2009).  It is characterized 

by having a close relationship with water, both because of its proximity to the Mediterranean Sea and 

the river “Riu Sec”, and also because of the sallowness of the water table (less than 2 metres deep) 

found in the area (Esteller Alberich et al., 1989). 

 

The study area is a flat plain, with altitudes ranging between 2 and 7 metres a.s.l. (Google Inc., 2020). 

According to the Local Urban Plan, the area is considered to cover an extension of 7,8 km2 and to 

host a total of 3.068 edifications, from which 2.363 are destined to residential use (Ajuntament de 
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Castelló de la Plana, 2019b). The urbanization model is a low density one (3,01 houses per hectare 

(Ajuntament de Castelló de la Plana, 2019b)), in which individual houses are spread among the area 

and delimited by the private ownership of the land. The area still maintains some natural spots, 

although the high urbanistic pressure has limited them to some residual spots (Ajuntament de Castelló 

de la Plana, 2017). 

 

During the recent decades, the area has been the subject of notorious conflicts, both from the social 

and ecological perspectives (Marcos Vicente, 2017) (further developed in sections 3.2 and 3.3). While 

the neighbours claim for better infrastructure and services, ecologist groups advocate for a better 

protection of the remaining areas of what used to be a valuable wetland ecosystem. These tensions 

are translated into the management of the area, that has been object of political conflicts and 

discrepancies (Castellón Información, 2017). 

 

One of the most relevant impacts that the area faces is the risk of flooding. In fact, both in the past 

(Segura Beltran, 2001) and in recent years (Garrido, 2001; Cerdán Pérez and Ginés Llorens, 2013; 

Moliner, 2018; Aguilar, 2020) there have been several episodes of floods in the area that comprised 

both a risk for the inhabitants and a source of economic and material damages  (further developed in 

section 3.3).  

 

In conclusion, the conflictive situation in which the area is found nowadays, both from the social, 

ecological and political perspectives, makes it interesting to apply a SES approach , in order to 

investigate whether it is possible to find a common consensus that can unlock the situation of the area 

and generate new paths towards general resilience and specific resilience to floods. This can foster 

the potential synergies that would create desirable futures for the area and for all its subsystems. 

 

3.1. Historical land use changes 
 

In a pristine state (until 13th century), the area of La Marjaleria looked like a swamp (Sánchez Adell, 

1973), characterized by its flatness and low altitude that situates the water table very close to the 

ground level, sometimes overpassing it and swamping some areas. Also, the existence of coa stal 

dune ridges impedes its desiccation. Documentation about the occupation of the area dates back to 

the 14th century (Saura Gargallo, 2014), period in which channels were constructed through 

excavation to drain the water, and the material extracted was used to raise the level of the land and 

allow for cultivation (Torró, 2010). These channels were also used for irrigation. The area was 

periodically used and abandoned according to the economic situation of each time, until late 16th 

century when its agricultural use was definitely consolidated, covering an extension of 

approximately 6 km2 mostly exploited through small plots, that were leased from the king (Saura 

Gargallo, 2014). Although it is difficult to know how the area would look like with regards to its 

ecology, it can be said that the drainage of the terrain and its desiccation for cultivation caused a 

major change in its natural conditions. However, the existence of a connected network of water 

channels and the good quality of the water could have helped to preserve some of the aquatic fauna 

that was previously found in the area (Hermosilla Pla and Iranzo Gracía, 2014) . 

 

During the following centuries the area was mostly used for cultivation, although the types of harvest 

varied significantly during time (López Gómez, 1989, pp. 159-166). Before 16th century, rice was a 

common product, but it was banned when it was considered as closely linked with malaria. From 

then onwards, textile crops gain predominance, mostly hemp (López Gómez, 1957) that was used 

for the manufacturing of ropes and shoes, first in an artisanal manner and later through the 

establishment of a prominent industrial sector in the city (Martí, 1996). This product was 

predominant in the area until late 19th century (López Gómez, 1989), although other crops such as 

vegetables and cereals were also common (Marcos Vicente, 2017). The remaining non-occupied 

wetland was regularly inundated by the floods from the “Riu Sec” , whose sediments were filling it 

slowly, and some barriers in the riversides were built to reduce the damage from the river’s floods 

(Mateu Bellés, 2003). 

 

From mid-19th century onwards, a series of events caused a severe transformation of the area (Mateu 
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Bellés, 2003). First, the remaining raw wetland was completely occupied, divided into plots and sold 

for rice harvesting (Obiol Menero and Soriano Martí, 2009). Although the city council successfully 

avoided both the confiscation in 1855 and the desiccation promoted by law (Ley de Aguas) in 1879, 

by alleging that the area was owned by the municipality and was dedicated to the benefit of the local 

citizens, it was still seen as unhealthy and was believed to be the cause of intermittent disease spreads 

that happened in the city (Mateu Bellés, 2003). Finally, during the beginning of 20 th century, the 

wetlands were completely transformed into rice fields (Mateu Bellés, 2003), and with this 

transformation the area completely lost its naturalness.  

 

During the first half of the 20 th century, the area was actively used for agriculture (Fig. 8), in the 

form of vegetables and cotton in the old areas (referred in Fig. 8 as “marjal” agriculture) and rice in 

the newly transformed ones (Domingo Pérez and López García, 2004). The presence of constructions 

was limited to small storage houses that covered an auxiliary function for the agricultural activity 

(Ajuntament de Castelló de la Plana, 2019b). 

 

 
Fig. 8. Map of the land uses in the municipality of Castelló in the year 1957. The north of the striped and 

spotted areas correspond to La Marjaleria (adapted from Domingo Pérez and López García, 2004).  
 

However, the definitive transformation of the area started during the second half of 20 th century 

(Domingo Pérez and López García, 2004). First of all, transformations at a national level, with an 

increase of the country’s industrialization, opened new job opportunities reduced the desirability of 

agricultural jobs (Abad Balboa, García Delgado and Muñoz Cidad, 1994).  Also, the transformation 

observed in the agricultural sector, with an intensification and technification brought by the green 

revolution, reduced the profitability of the small-scale traditional exploitations that were common in 

the area (Abad Balboa, García Delgado and Muñoz Cidad, 1994).  But there were also other regional 

and local factors that conditioned the evolution of the area. The growth that the city experimented 

during the ‘60s and ‘70s, during which the population doubled, caused the expansion of informal 

settlements outside the Urban Management Plan that was approved by the city council, thus 

occupying agricultural land in a low-density urbanization pattern (Fig. 9), mostly in the western area 

of the city and around pre-existing communication infrastructures (Domingo Pérez and López 

García, 2004). The urban expansion was also prominent in the maritime area (“El Grau”), in which 

the new harbour, opened in 1902, and the development of an industrial area next to it, attracted new 

inhabitants to the zone (Domingo Pérez and López García, 2004). In the same line, the new 
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development of an urbanization trend in areas next to the shore, in which an incipient tertiary sector 

focused on leisure and tourism was being established following the trends of other Mediterranean 

areas, conditioned the increasing urbanization of the shoreline and the desirability of these  areas for 

housing (Domingo Pérez and López García, 2004). Also, there was a definitive channelling of the 

“Riu Sec”, through the construction of ditches that facilitated the circulation of the water to the sea 

and reduced the risk of river floods in the area (Segura Beltran, 2001). In the context of La Marjaleria, 

a crucial tipping point happened between 1967 and 1974 when the city council, with the support of 

the farmers, installed three pump stations and built a new network of channels to completely 

desiccate the area (Marcos Vicente, 2017; Ajuntament de Castelló de la Plana, 2019b). This also 

caused the definitive abandonment of the rice crops activity.  

 

The confluence of these factors led to a significant transformation in the area, that became more 

noticeable from ‘70s onwards (Marcos Vicente, 2017). The agricultural activity, although not 

completely abandoned, was relegated to a marginal role and turned mostly in a self -consumption 

production, and in some cases the fields were subdivided and sold for housing (Marcos Vicente, 

2017). The increase of the access to transport means and infrastructures and the availability of land, 

together with the lack of administrative control from a municipality overwhelmed by the urban 

growth (Marcos Vicente, 2017), facilitated the establishment of houses, that in many cases were also 

built by the land owners and most of the times even contradicting the existing urban laws and 

regulations (Marcos Vicente, 2017), and that were used as vacation (countryside) houses for leisure 

during weekends and summer, through a process defined as “uncontrolled suburbanization” 

(Ajuntament de Castelló de la Plana, 2019b).  

 

From ‘80s onwards, the municipality tried to disincentive the construction of new houses in the area, 

although no hard measures were taken, and the soft ones were not enough to stop the existing 

informal urbanization trend (Marcos Vicente, 2017). In the last years of the 20 th century, the 

urbanization process was notoriously developed and highly consolidated (Fig. 9). 

 

 
Fig. 9. Map of the land uses in the municipality of Castelló, in the year 1997. The changes in land use in the 

area of La Marjaleria is appreciable with respect to 1957, with a spread of low-density housing that was 

combined with some remaining agricultural uses (adapted from Domingo Pérez and López García, 2004).  
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3.2. Current administrative, social and ecological situation 
 

Nowadays, the situation of the area with respect to its management is still unclear. In the year 2006 

the municipality elaborated a new municipal Land Management Plan, in which La Marjaleria 

received a special consideration with the purpose to work for specific solutions for its social and 

ecological conflicts (Ajuntament de Castelló de la Plana, 2019a). This plan contemplated the further 

channelling of intermittent water flows that had a major role in the flash floods that historically 

affected the area, an increase in the number of water pumping systems, and the creation of areas for 

the protection of local species in the existing irrigation ditches, the implementation of urban services 

(sewage water, waste management, drinkable water…), the demolition of the degraded buildings, the 

creation of fauna passages, the regulation of illegal water wells, the protection of the water springs, 

the control of invasive species and maintenance of ditches, and the creation of new green areas 

(Ajuntament de Castelló de la Plana, 2019b). This plan aimed to preserve the existing constructions 

that are in a good state, and even permits to build some more as long as some housing density limits 

are observed. However, because of administrative and economic complications the plan has not been 

effectively applied (AA.VV. La Marjalería, 2020), and now the city council is working on a new 

management plan that will come into force soon, and that contemplates further improvements for the 

liveability in the area and a higher focus on its sustainability and restoration of the degraded 

ecosystems (Ajuntament de Castelló de la Plana, 2019b; Castelló Extra, 2020). 

 

From the perspective of the neighbours, recently it has been a tendency to form associations in order 

to gain power and act in a coordinated way (Associació de Veïns Camí Fondo de Castelló, Asociación 

de Vecinos de la Marjalería de Castellón). These associations aim to improve the services and 

infrastructure of the area in order to enhance its liveability and the quality of life of the neighbours, 

and protect the houses from a series of house demolitions promoted by the municipality (AA.VV. 

Camí Fondo, 2020; AA.VV. La Marjalería, 2020). At the same time, another set of associations 

appeared (Associació d’Amics de la Marjal de Castelló, GECEN), centred on the protection and 

restoration of the natural ecosystems of the area and the enhancement of its ecological values 

(GECEN, 2017; Associació d’Amics de la Marjal de Castelló, 2020) . This scenario, with several 

associations acting independently towards different goals, is an example of the conflictive nature 

towards the management of the area, with a diversity of opinions that are sometimes difficult to make 

compatible. 

 

From the scope of the nature and the ecosystems, it is noticeable that in the recent years there has 

been a shift in the perception of the wetlands and its role for biodiversity. While during 19th century 

most of the efforts were focused into the desiccation of these areas because of its consideration as 

unhealthy and unproductive (Ley de Aguas, 1879), more recently they have been considered as 

highly valuable for biodiversity and with a key function as water reservoirs (Evaluación de los 

Ecosistemas del Milenio, 2005), and most of the times they are legally protected (e.g. Ramsar 

Convention, Natura 2000 sites). This is the case of many of similar wetlands in the Valencian 

Community (e.g. Prat de Cabanes-Torreblanca, Marjal d’Almenara, Albufera de València, Marjal de 

Pego-Oliva, etc.), but the fact that La Marjaleria has been kept outside of these protection figures is 

a symptom of the huge environmental degradation and the high degree of fragmentation (that can be 

appreciated in Fig. 7) in which it is nowadays (Marcos Vicente, 2017). Furthermore, the sporadic 

use of DDT as biocide during ‘60s also affected negatively the natural fauna (Almela Saporta et al., 

2019). Many of the species that were frequent in the area are now included in the IUCN Red List of 

Species, such as the Valencia hispanica, the Aphanius iberus, or the Mauremys leprosa (IUCN, 

2020). Also, the presence of invasive species such as the Trachemys scripta, introduced by the 

neighbours that used them as pets, is causing a great damage to the native species mostly through 

predation and direct competition for ecological niches (Marcos Vicente, 2017).  Despite this 

degradation, some residual natural spots are still preserved because of its patrimonial value for the 

city, such as the freshwater springs of “Molí de la Font” and “Ullal de la Comare”, which are in good 

health and conserve natural populations (Albert and Gómez-Serrano, 2000; Ajuntament de Castelló 

de la Plana, 2020). 

 

In general, the current situation of the area reflects the ongoing conflicts and unsolved problematic 
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that have been carried on from many decades ago. Yet far from being in a desirable state from the 

administrative, social or environmental points of view, its evolution in the next years could 

definitively mark the direction for the area towards a point of no return. 

 

In order to summarize the information presented and make it more understandable, a simplified 

representation of the system’s history in the shape of a timeline is included in Figure 10. 

 

 
Fig. 10. Timeline with the main events that conditioned the evolution of La Marjaleria and the evolution 

of its anthropization. 

 

3.3. Environmental problems and flood hazard 

 

One of the main problems that the area is suffering nowadays comes from the uncontrolled and 

unregulated relationship between the population and the environment (Almela Saporta et al., 2019). 

The progressive and uncontrolled urbanization caused a direct impact related with the land 

occupation and the fragmentation of ecosystems, but also other indirect impacts such as the water 

pollution caused by the lack of infrastructure for sewage water (Marcos Vicente, 2017). The 

traditional agricultural use of the area also caused the groundwater to have  high levels of nitrate and 

sulphate, and its proximity to the sea also creates the risk of groundwater salinization (Marcos 

Vicente, 2017). 

 

Another problem in the area comes from the instability of the terrain (Marcos Vicente, 2017). 

Because of the swampy nature of the area, the ground is not solid, and the extra weight put on by the 

constructions is causing subsidence. This effect is enhanced by the historical drainage of the terrain 

and the reduction in water saturation (Marcos Vicente, 2017). This means that the area is 

progressively sinking, what enhances the risk of flooding with torrential rainfall and also from the 

increase of sea level (Marcos Vicente, 2017). 

 

As it has been said before, one of the major threats for local population is the flooding risk. The 

PATRICOVA, which is the main document to characterize and manage the risk of flooding in the 

Valencian Community, classifies the area as having a “high” risk of flooding  (Figure 11) (Generalitat 

Valenciana, 2015). However, the approval of the PATRICOVA came after the urbanization of the 

area, and during the time lapse some of the owners obtained the housing license through 

administrative procedures (Martín, 2007), what means that now some of the houses are compelling 

with the law thus cannot be demolished. This is one example of the chaotic administrative situation 

to which the area is subjected. 

 

The risk of flooding in the area comes from diverse sources. First, the climate in the area is prone to 

episodes of torrential rain (Camarasa Belmonte, 1993), also known as “cold drop”, that can leave 

more than 60 mm of rainfall in an hour, and more than 150 mm in 24 hours (Villena, 2020). Also, its 
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nature as a wetland implies its close relation with water, both during its genesis and its evolution. The 

shallowness of the water table (Esteller Alberich et al., 1989) implies that the area has a low 

infiltration capacity, that combined with the flatness of the area create a natural tendency to be covered 

by water sporadically during heavy rainfall episodes. Furthermore, the geomorphology of the 

surrounding areas creates the conditions for runoff water to be transported and accumulated there 

during these storm episodes (Segura Beltran, 2001). The fact that the pressure of urbanization in the 

soil is making the area to sink also implies that the flow of water to the sea is impeded, thus making 

the area more dependent on artificial water removal methods, such as water pumping (Marcos Vicente, 

2017). The coverage of the traditional agricultural soil with asphalt and constructions that reduce the 

infiltration capacity also enhances the potential of flooding (Sanz, 2013). 

 

 
Fig. 11. Map of flood risk for the area of La Marjaleria (adapted from Institut Cartogràfic Valencià, 2020). 

 

However, these factors must also be seen from the scope of climate change. One of the consequences 

of climate change will be the increase of extreme events, and in the case of the Valencian Community 

it is predicted that, despite a reduction in the total precipitation, there will be an increase in extreme 

rainfall events (Cortès et al., 2019). This means that the floods in the area would be more frequent, 

as it is being already noticed (Marcos Vicente, 2017). The sea level rise also threatens the area, that 

is forecasted to be covered by sea in the event of a +2ºC temperature rise (Marcos Vicente, 2017).  

 

Another risk to highlight comes from the degraded state of the ecosystem in the area. Although the 

impacts are already noticeable, as it has been said before, there is a possibility to become irreversibly 

damaged in the future. One of the risks, for example, comes from the saltwater intrusion derived 

from the desiccation of the area together with the overexploitation of the aquifer (Marcos Vicente, 

2017), which could salinize the terrain and make agricultural plots unproductive, also damaging the 

remaining natural spaces and species in the area and making the groundwater unavailable for 

drinking.  

 

These last case is an example of thresholds that could affect the zone and potentially cause a shift in 

the equilibrium basin, thus modifying the landscape and pushing the area towards a point of no 

return. However, whether other thresholds have been already crossed or not is difficult to know 

because of the lack of proper studies in this context. 
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4. Methods 

In correspondence with the theoretical framework presented in the “Background” section, the 

methodologies that are used in this thesis are: the social -ecological system, the adaptive cycle, and 

the panarchy. The social-ecological systems approach provides the manner in which the area of study 

is conceived and therefore sets the basics for the application of the following methodological 

approaches. The adaptive cycle and the panarchy offer the methodological approach for the 

assessment of La Marjaleria area of study through a problem-solving based scope, first at individual 

scales and later by integrating the scales and offering a comprehensive vision of the system and its 

problematics. As it has been said before, the underlying aim consists in identifying the main social -

ecological problems affecting the area of study and approach them from a holistic, systems -thinking 

perspective that can offer new ways to tackle them in an effective manner. Also, a special 

consideration is given to the floods risk. 

 

Although the existence of a diversity of methods for assessing the resilience of SES, for this thesis 

the method of panarchy (Holling, 2001; Holling, Gunderson and Peterson, 2002)  has been selected. 

The main reasons for its selection respond to: the widespread use of the methodology in the 

assessment of SES and its resilience (Davoudi et al., 2012; Allen et al., 2014); the conceptual 

simplicity of the model, that facilitates its application without the need of advanced knowledge in 

computer modelling (Holling, 2001); its usefulness to understand the function and behaviour of 

complex systems from a holistic approach and across scales (Holling, Gunderson and Peterson, 

2002); its versatility and adaptability to different assessment approaches (Allen et al., 2014), such 

as ecosystem services, management, or biodiversity; and the fact that the methodology has not been 

applied yet to similar systems in the region. 

 

4.1. The systematic application of a panarchy approach  
 

As it has been said before, for an effective methodological approach, it is necessary to systematically 

apply a series of phases: 

1) Definition of the SES: its boundaries, components and scales. 

2) Application of the adaptive cycle approach to each of the SES’s scales. 

3) Integrate the adaptive cycles across scales in order to construct the panarchy model.  

 

4.1.1. Defining the SES of La Marjaleria 
 

The first step before applying a panarchy approach into a SES is to define the SES itself. This is a 

fundamental step that conditions the results and their scope, so it is important to have a solid basis 

that justifies the application of the boundaries and the elements that are included or excluded from 

the system. Also, in the context of a panarchical approach, both scales above and below need to be 

defined and justified. The definition of the SES of La Marjaleria represents the basic unit and the 

focal system in which the analysis is focused, therefore it must be precise and representative. 

 

From the scope of a SES perspective, the construction of the system must account for both the social 

and the ecological subsystems, in an integrated manner. To make this possible, the interconnections 

between both subsystems have been considered, in the manner in which the social subsystem affected 

the management of the ecosystem in the area, for example, through the definition of the land uses, 

and how the ecological system provided the services to the social one, for example, by offering the 

adequate conditions for the agriculture. The main manner in which both subsystems have been 

considered together has been in accounting for the manner in which each of them affect ed the other 

one and how this relationship shaped the evolution of the area, through a bibliographic review of the 

story of the system that allowed to identify the main components in the system. For the definition of 

the boundaries of the SES bibliographical review seems to be an adequate method, regarding the vast 

amount and diversity of publications that have been found with respect to the area of study.  

 

After defining the SES, both the scales above and below also need to be defined . Because of the 



26 
 

consideration of the SES of La Marjaleria as the main focus of the study, both scales above and below 

need to be defined ad hoc, and considered as contingent to the ultimate purpose of the study. This 

means that the definition should respond to a functional representativeness, it is, to catch the essence 

of each of the systems in the scales above and below while still keeping the focus on its functionality 

to identify the interactions between them and the SES of La Marjaleria. This has been achieved 

through bibliographical review in both cases, in order to identify which actors, elements or events at 

both upper and lower scale have been especially relevant in affecting the storyline of the SES of La 

Marjaleria, and therefore defining the scales according to this.  

 

4.1.2. Applying the adaptive cycle approach to each of the SES’s scales 
 

The next step is to apply the adaptive cycle heuristics to the SES. Its application is a crucial part that will 

condition the usefulness and representativeness of the results in the context of the SES, therefore should be 

as much accurate as possible. It must represent the most relevant changes that happened in the system (also 

considering that each of the scales represent a system by itself) and how they conditioned its navigation 

through the different phases of the adaptive cycle. 

 

For the construction of the adaptive cycles, it is needed to build on the storyline for each of the scales. This 

process has been conducted through bibliographical review, by identifying the changes that have happened 

in the area of La Marjaleria over time. Despite the whole storyline was developed initially, covering the 

period between the 14th century, when the first transformations in the area happened, until its current state, 

finally it was seen that limiting the analysis to the last 70 years was representative enough and also reduced 

the amount of analysis needed for the other scales. Departing from the information collected in the 

bibliographical review, a distillation of the most relevant events that happened at each of the scales has 

been done, understanding by “relevant” as the main factors that supposed a tipping point in the future of 

the system, by affecting to its degree of complexity, organization, outcome, development pattern, or layout, 

among others. The changes in the system, according to the bibliography, have been assessed qualitatively 

in order to find their equivalences into the different phases of the adaptive cycle, through an interpretative 

analysis about how the changes in the system can be understood through the scope of the adaptive cycle. 

Although this can entail a relatively high degree of subjectivity, this can be reduced through a deep 

understanding of the adaptive cycle approach and a comprehensive assessment of the system’s storyline. 

 

This analysis has been first applied to the focal scale, in order to not lose the scope of the research through 

which the main object of study is the SES of La Marjaleria, in this case represented by the focal scale. After 

that, the analysis of the upper and lower scales has been focused in finding the main events that, while 

generating crucial changes in this scale, have also had an important relevance in shaping the focal scale and 

affecting its evolution. Therefore, the construction of the adaptive cycle at both scales above and below has 

been already done by having in mind the scope of a panarchy approach. 

 

For a good understanding of the events that happened at each of the scales, two methods of representation 

are used: a table with the main events and their corresponding phase of the adaptive cycle, and the timeline 

graphic that has been presented in section 4.2.2., together with a brief written summary that can help to 

understand how the events are interlinked and how the system evolved according to them. 

 

4.1.3. Integrating the adaptive cycles and building the panarchy 
 

After the development of the adaptive cycles approach at each scale, the next step is to generate a 

comprehensive vision of the area, that includes all the scales and that emphasizes their interactions 

and how they contribute to shape the entire system. With this purpose, the different adaptive cycles 

developed for each scale are integrated in the same timeline, and an interpretation of how the 

evolution of each of the scales has contributed to the evolution of the focal scale and the whole 

system. The representation of the panarchy approach is constructed by integrat ing the three timelines 

developed for each of the three scales in a single graphic space, and putting special emphasis in the  

manner in which they interact. 
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Because of the manner in which the definition of the scales has been done, by considering the scales 

above and below through the scope of functionality for the analysis, the identification of the 

interactions has been a smooth process. In many cases they have responded to cause-effect 

interactions that were easily identified through the bibliographical  review. In other cases, the logic 

of systems thinking has also helped to identify the main interactions that can be found in complex 

systems. The process of identification has involved an inverse navigation of the timeline, starting 

from the most recent situation and going back in time in order to find points in which actions at 

different scales might have affected the evolution of the assessed scale, it is, through finding the 

underlying causes of the changes reflected in the adaptive cycle. After that, the storyline was checked 

again chronologically to ensure that the events were happening in a logical manner and that the 

assessment succeeded in catching a representative yet simplified representation of the evolution of 

the system. 

 

4.1.4. Analysis of the results 
 

After the application of the aforementioned methods, the outputs obtained need to be analysed and 

interpreted in order to generate tangible information. Because of this, further subsections are 

included in the “Results” section: first, an interpretation of the results generated by the panarchy 

approach in order to build a comprehensive storyline of the evolution of the area from a multi -scale 

and holistic scope; then, an identification of the main thresholds that affect the system, and that can 

be identified from the panarchy storyline; later, the identification of the system’s traps, archetypes 

and conflictive behaviours, followed also by a brief assessment of the general resilience of the 

system; and finally, a brief approach to the situation of the system from the scope of flood risks, 

through an assessment of its specific resilience to this risk. 

 

In all the cases, the analysis is conducted through interpretation of the results obtained from the 

panarchy approach, from the scope of the different methodological approaches that correspond to 

each of the cases and that are obtained through bibliographical review, including general and specific 

resilience assessment, identification of thresholds, and system’s traps and archetypes.  

 

4.2. The problem of representation of adaptive cycles 
 

Although there is an extended bibliography about panarchy, one of the gaps that have been detected 

relates with the capacity to represent a panarchy approach of real systems graphically. Although the 

image of the metaphor (Figure 6) is widely used in theoretical approaches, it does not offer a solid 

basis for the representation of the temporal dimension of systems, being rather a static model. 

However, it would be interesting to count with a method that can allow to represent a system 

graphically and that considers the different scales, their evolution over time and the interactions 

between them. To this date, no method with these characteristics has been found in bibliography.  

 

For this reason, a novel manner to graphically represent the panarchy approach into real systems is 

presented in this thesis. It consists in applying a linear approximation to the adaptive cycle model, 

that can have the variable of time into consideration. This linear representation includes a horizontal 

axis which represents time. Along this axis, a curve is drawn, that represents the different stages of 

the system in the adaptive cycle. The “time” axis also serves as a reference point to distinguish these 

phases: the phases in which the line is above the axis represent phases with high connectedness (k 

and Ω), while the phases in which the line is below the axis represent phases with low connectedness 

(α and r). At the same time, positive slopes represent phases of fore loops (r and k), and negative 

slopes represent phases of back loops (Ω and α). When it comes to the representation of the potential, 

when the system is approaching to a maximum or a minimum the potential is high, but after it is 

reached the potential drops. In the context of resilience, proximity to maximums represent low 

resilience, while proximity to minimums suppose high resilience. Finally, the upper and lower 

boundaries represent the boundaries of the system: the carrying capacity and the leakage of potent ial 

(labelled as “x” in Figure 4). An explanatory representation of the model is presented in Figure 12. 
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Fig. 12. Example of the graphic representation of the “timeline” approach to the adaptive cycle model, with labels on 

the different elements: the adaptive cycle phases (r, k, Ω and α), the values of resilience and connectedness, and the 

boundaries of the system. 
 

Even though it might not be a “fancy” manner to represent the dynamics of a system in relation with 

the adaptive cycle, this method allows to represent simultaneously various scales and even various 

systems in a manner that allows to directly compare their evolution over time.  The different scales 

can be represented with different lines even in the same graph. Also, interactions between s cales can 

be represented by including vertical arrows. 
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5. Results 

5.1. Defining the focal system 

 

For this case, the boundaries of the system coincide with the geographical boundaries that are defined 

in the urban management plan (Ajuntament de Castelló de la Plana, 2019b). There are three main 

reasons for this delimitation: 1) the urban management plan considers this area as a single 

management unit, and establishes an specific plan for it, being therefore convenient to attach to these 

delimitations to facilitate the analysis and the management context coming from higher levels of the 

panarchy; 2) the delimitation of the area as established by the municipality corresponds 

approximately to the traditional limits of the area and the historical location of the wetlands; and 3)  

the patterns of urbanization in the area are similar, and also the problematics with floods and 

liveability. The delimitation of the area, therefore, corresponds to both administrative, historical and 

social-environmental reasons, and are considered to be relevant enough to justify it. 

 

The characteristics of the system that justify its consideration as SES, according to the 

characterization of the term given in this thesis, include: the deep connectedness of the social and the 

ecological systems, that have shaped its evolution (from its agricul tural use to its transformation in 

low-density urban settlement) and conditioned its relationship ( the social system managing the 

ecological one, the ecosystem services conditioning the liveability of the area); its capacity to self-

organize (sprawl) and create a distinctive territorial structure with emergent properties (such as 

service networks or common values) and highly dependent on feedbacks (social subsystem affects 

the natural one and vice-versa); the nested nature and the tight dependency on distinctive upper 

(administration, geopolitics, climate change…) and lower scales (households); and its capacity to be 

conceived from a problem-solving, resilience approach. 

 

5.1.1. Defining the scale above 
 

For the delimitation of the scale above, it is important to consider the specific characteristics of the 

administrative structure in Spain. The administration in Spain is subdivided in hierarchical levels: 

from the national level (upper), to the autonomic (intermediate), and finally the local (lower). While 

the national level is in charge of making and applying the laws and regulations, the autonomic level 

has the power and capacity to adapt the laws to the needs of each territory, and has also some 

legislative capacity (as long as it does not contradict the national one). Finally, the local level is the 

one in charge of managing the administrative limits of the cities, according to the legislative and 

administrative frameworks established by the upper levels. This “matrioshka” structure in which each 

lower level is embedded into the upper ones means that the operative level corresponds to the lower, 

and that changes at upper levels are generally cascaded down to the lower ones. Because  of this 

tendency for all administrative levels to converge at the local level, and also because of the time and 

resources limitations, only one higher panarchical level is considered, that will comprehend all the 

administrative bodies in Spain that had an influence in the manner in which the focal system is 

managed. This includes the national, the regional and the local administrations, but their 

consideration will be conditioned to their influence into the focal system. Therefore, it is only the 

most relevant administrative level which is considered at each time.  

 

5.1.2. Defining the scale below 
 

For the definition of the scale below, it has been decided to focus on the management at a household 

level. The behaviour of the households has been highly relevant in the evolution and the current state 

of the system, mostly during the urbanization phase, because of the uncoordinated manner in which 

the transformation took place. Also, the households are the most involved actors in defining the future 

state of the system, and can potentially have a very relevant role in the context of the system’s 

governance. Because of these reasons it is considered that the appropriate dimension to characterize 

the scale below is at a household level. 
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5.2. Applying an adaptive cycle approach to La Marjaleria  
 

5.2.1. Adaptive cycle of the focal scale 
 

For the adaptive cycle approach, the starting point is set during 1950s, time at which the most relevant 

changes in the system started taking place. Because of this, it is considered that this timeframe is long and 

representative enough to gain a relevant understanding, through the application of an adaptive cycle 

approach, of the changes that conditioned the evolution of the system and conditioned its current situation. 

 
Table. 1. Navigation of different phases of the adaptive cycle in the focal scale of the SES of La Marjaleria. 

Nr. of 

phase 

Adaptive 

cycle phase 

Event or state Time 

epoch 

Description 

0 k Agricultural 

stability 

1950s. Agriculture was dominant in the area, and 

developed in its maximum potential. 

1 Ω Agricultural 

collapse 

1960s. Agriculture is abandoned. 

2 α New uses emerge 1960s- 

1970s. 

Constructions start appearing, the plots are 

divided and sold for residential use. 

3 r Residential 

expansion 

1970s- 

1990s. 

Residential uses sprawl rapidly, new houses 

spawn in an informal and uncontrolled manner. 

4 k Urban 

consolidation 

1990s- 

Now. 

Urbanization reaches a maximum. Efforts are 

moved towards infrastructure and services. 

 

Until late 1950s, the system can be considered to be in a conservation phase, in which the agricultural land 

use was the predominant activity and occupied almost the whole extension of the system (0). The first 

change in the system came from the agricultural collapse in 1960s. This collapse meant the loss of the 

agricultural management and the economic model that used to be relevant in the area, therefore represented 

the entrance of the system into a release (Ω) phase (1). The abandonment of agriculture forced the land 

owners to change traditional land uses and explore new options for the area, and some of them turned their 

plots into summer houses, thus starting a new reorganization (α) phase in the system (2). This pattern of 

urbanization spread rapidly and the owners started dividing their fields and selling them for private informal 

housing, so the system enters in an exploitation (r) phase characterized by the growing urbanization (3). 

The urban sprawl reaches a maximum during the 1990s, entering in the conservation (k) phase in which the 

system is now (4). During the current conservation phase, the efforts in the system had switched from 

growth to the improvement of the infrastructure and services, focusing on paving roads, install sanitation 

networks, improve the electric network, and the application of improved measures against floods. The 

representation of this navigation of the focal scale through the phases of the adaptive cycle by using the 

linear model is shown in Figure 13. 

 

 
Fig. 13. Timeline representation of the adaptive cycle at the focal scale in the SES of La Marjaleria, in 

which the phases represented in Table 3 are labelled with numbers. 
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5.2.2. Adaptive cycle of the scale above 
 
Table. 2. Navigation of different phases of the adaptive cycle in the scale above for the SES of La Marjaleria. 

Nr. of 

phase 

Adaptive 

cycle phase 

Event or state Time 

epoch 

Description 

0 k Traditional 

social values 

Until 

1950s. 

Agricultural society, traditional productivity -

focused values towards nature. 

1 Ω Economic crisis 1950s. The dictatorship self-sufficiency and agriculture - 

centred economy goes into crisis. 

2 α Social 

transformation 

1960s. Spain opens to the world, new economic options 

emerge (tertiary sector, tourism, leisure). 

3 r → k Economic 

growth 

1960s- 

1970s. 

Change in traditional values, new strong middle-

class emerges, fast social changes. 

4 Ω → α Transition to 

democracy 

1970s-

1980s. 

The dictatorship is over, democracy emerges, 

slow changes in institutions and values appear. 

5 r Consolidation of 

democracy 

1980s-

1990s. 

New laws are approved and slowly implemented. 

The future of La Marjaleria is tackled. 

6 k Institutional 

stability 

2000s. The new plan for La Marjaleria is approved and 

its implementation starts. Liberalist approach. 

7 Ω Economic crisis 2000s-

2010s. 

World’s economy collapses, high unemployment, 

social discontent. The plan is abandoned. 

8 α “15-M” and 

social unrest 

2010s. Social movements towards political responsibility 

and anti-liberalism. Social organization. 

9 r Sustainable 

cities 

2010s-

Now. 

New ideas of urban sustainability and governance. 

New values and management plan for the area. 

 

The adaptive cycle departs from the consideration of the traditional social values in Spain, that relied 

strongly in the use of land for agricultural productivity and praised the figure of the farmer as a paradigm 

of dominance of humanity over nature and as the basis or the development of the country. These values 

represented a conservation (k) phase (0), characterized by a consolidated and powerful agricultural system 

and a regime based on autarchy. The major shift in the social values came during late 1950s, when the 

dictatorship faced a huge economic crisis (1) and, in order to overcome it, moved towards a “liberalization” 

to incorporate the recent developments in Western countries and take advantage of new economic 

opportunities (2). This new paradigm brought an exponential economic growth and the appearance of a 

middle-class with higher economic power, so the society entered into consumerism and new values of 

leisure appear (3). During the following years the dictatorship finally disappeared and the country entered 

into democracy, what supposed a reorganization (α) phase that affected the institutions, the laws and the 

social values (4). The implementation of democracy was slow and took some years to adapt the old 

administrations, institutions and practices to the new paradigm, and in the last stage of this phase some of 

the administrative mistakes and incongruences from the dictatorship were tackled (5). Finally, a new plan 

for La Marjaleria was approved and its implementation started, based on improving the liveability of the 

area and respecting the existing constructions and neighbours, and focused on implementing infrastructure 

and tackling the flood risks (6). However, when the economic crisis arrived, the huge investments that were 

projected for the area became unfeasible, and the plan was mostly abandoned (7). During the years after 

the crisis, a strong social movement emerged under the name of “15-M” (representing the 15th of May, the 

day in which the movement started), that claimed for abandoning the economic liberalism that caused the 

crisis while politicians were blamed by focusing only in making money and abandoning their 

responsibilities with citizens (8). After this movement, new parties appeared and the political context 

experimented a change, characterized by the new ideas of urban sustainability and public participation in 

governance. This new political wave is ongoing now and is still immature, and one of its aims at the local 

level is to modify the current management and situation of the area of La Marjaleria through a new plan 

that is under process of negotiation and approval (9). The representation of this navigation of the upper 

scale through the phases of the adaptive cycle by using the linear model is shown in Figure 14. 
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Fig. 14. Timeline representation of the adaptive cycle at the upper scale in the SES of La Marjaleria, in 

which the phases represented in Table 4 are labelled with numbers. 
 

5.2.3. Adaptive cycle of the scale below 
 
Table. 3. Navigation of different phases of the adaptive cycle in the scale below for the SES of La Marjaleria. 

Nr. of 

phase 

Adaptive 

cycle phase 

Event or state Time 

epoch 

Description 

0 k Agricultural 

uses 

Until 

1950s. 

Agricultural use of plots by the owners, profitable 

economic activity. 

1 Ω Crisis of 

agriculture 

1960s. Small-scale agriculture is not profitable anymore, 

crops are maintained only for self-sufficiency. 

2 α New job 

opportunities 

1960s. The young look for new job opportunities away 

from farming. Farms are maintained by seniors. 

3 r New land use 

possibilities 

1970s. The economic prosperity opens opportunities for 

owning more than one house (summer houses). 

4 k Consolidation of 

summer houses 

1980s. Houses are built, and plots are divided and sold. 

Farmers make business selling the plots. 

5 Ω Urbanization 

problems appear 

1990s. The high concentration of people makes problems 

emerge. Legal problems arise (illegal houses). 

6 α Social unity for 

the area 

1990s. Neighbours are associated (lobbyism), collective 

vision of the area: dignification and legalization. 

7 r Improvements 

start 

2000s. Both municipality and neighbours start to 

improve the area. A municipal plan is developed. 

8 k The system gets 

stuck 

2010s-

Now. 

2008’s crisis stopped improvements. The legal 

situation remains unsolved. Chronic degradation. 

 

At this level, the starting point is located when the agriculture land uses were still predominant in the area 

and it was a profitable business for farmers (0). The next phase appeared when agriculture stopped to be 

profitable, and the sector faced a collapse. Although the farms were maintained, it was for self-subsistence 

and as the only possible job for old farmers (1). The descendants of farmers, however, took advantage of 

the new economic context to look for new job opportunities, stepping away from the tough farming job and 

moving into the industrial or services sectors (2). With this new income source, the old farmers got 

progressively retired and the farms were abandoned. The farmers were therefore owning plots of 

unprofitable land, but in a nice countryside area, so decided to build summer houses in there (3). The 

demand for summer houses was high and people wanted to move into the area, so farmers decided to divide 

their plots and sell them for housing. This practice was rapidly extended and hundreds of new households 

and houses were appearing (4). However, after the consolidation of the constructions, the problems of 

informal settlement appeared: the lack of infrastructure and services, the recurrent flooding of the area, and 

the lack of license that impeded any work destined to maintain or improve houses. In the context of self-

built houses and lack of services, this implied that many houses were in a ruinous state but no improvements 

  1950               1960                1970               1980                1990                2000               2010                 2020 
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were allowed by law (5). In the face of this situation, the neighbours decided to associate in order to unify 

their response towards the municipality and create a stronger lobbyist force that could help to improve the 

situation in the area (6). In the face of these events, a municipal plan for the improvement of the area was 

approved, and some works started: the installation of water and sewage water pipes, the improvement of 

measures against floods, and new public spaces were created, among others (7). However, the economic 

crisis suddenly stopped these improvements, and the plan was abandoned, so the area is now in a kind of 

“administrative limbo”. This implies that the area is currently in a “forced” conservation (k) phase, in which 

the uncertainty is high and efforts tend towards the maintenance of the area by the neighbours, meanwhile 

the new management plan from the municipality is on the way (8). The representation of this navigation of 

the lower scale through the phases of the adaptive cycle by using the linear model is shown in Figure 15. 

 

 
Fig. 15. Timeline representation of the adaptive cycle at the lower scale in the SES of La Marjaleria, in 

which the phases represented in Table 5 are labelled with numbers. 
 

5.3. Unifying the scales: a panarchy approach to La Marjaleria 

 

In order to facilitate the interpretation by the reader, the representation of the panarchy has been done 

in two different manners: one in which all the scales are represented in the same axis , and labelled 

as “integrated timeline” (Fig. 16), and an alternative manner in which the scales are represented in 

separated axis, labelled as “multi-scale timeline” (Fig. 17). While both figures catch the sense of 

panarchy, and the interactions between the scales are equally represented in them, there is a 

fundamental difference: figure 16 catches the essence of systems as an entanglement of scales that 

interact in the same spatial and temporal dimension and, therefore, represents more accurately the 

complexity of the systems, while figure 17 allows for a better appreciation of the scales in a separated 

way and how they interact in the context of a panarchy.  

 

In the model presented in both Figures 16 and 17, a total amount of eleven key interactions between 

scales have been highlighted, that are considered to be the most relevant interactions that conditioned 

the evolution of the other scales. These interactions are explained in a general manner as follows:  

1) The collapse of the agriculture-based autarchy at the higher scale generated a cascade-down 

effect that caused the collapse of households that were making their business through 

agriculture. This effect was visible at upper scale’s reorganization phase, when laws and 

policies changed in favour of other business sectors. 

2) The collapse of agricultural households at an individual level scaled up and ended up by 

affecting the whole agricultural area at the focal scale. The effect was more visible when the 

lower scale entered the reorganization phase, which unleashed a series of changes that started 

at a household scale but progressively spread to the whole focal scale, with the abandonment 

of agricultural activity from households. 

3) The new policies and regulations that were applied at the upper scale opened new perceptions 

of land use and business opportunities at the low scale, conditioning therefore its entrance in 

a new growth phase. 

4) The entrance of the lower scale in the exploitation phase caused the focal scale to move into 
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a reorganization phase in which the nature of the system was changed, with the increase in 

fragmentation and the appearance of new land uses. 

5) The entrance of the upper scale in a release phase allowed the focal scale to enter in an 

exploitation phase, in the manner that there was a relaxation in the control measures from the 

upper scale towards territories and land uses that allowed massive land use changes to happen. 

6) The entrance of lower scale into the conservation phase, in which efficiency is maximized, 

implied an intensification of land uses that was translated into an increase of land selling and 

new inhabitants moving into the area, therefore feeding the exploitation phase at the focal 

scale. 

7) The progressive consolidation of the exploitation phase at higher scale implied the effective 

implementation of new management policies that stopped the exploitation at the focal 

system’s level, pushing it to move towards a conservation phase. 

8) The reorganization phase at lower scales translated into an increase of collective action for 

the area, and therefore conditioned the upper system to take actions and to create a 

management plan for the area, implying a “push” towards a conservation phase (represented 

by the approval and implementation of the plan). 

9) The plan implemented from the upper scale was focused into maintaining the current status 

of the area, focusing only in improving its liveability, and therefore maintaining the focal 

system into a conservation phase through an “engineering resilience” approach.  

10) During the collapse of the upper scale, the lower scale and its entrance in a conservation phase 

conditioned the maintenance of the focal scale in a conservation phase. 

11) The lower scale is again influencing the creation of the management plan from the upper scale 

through the collective action. 

  

  
Fig. 16. Integrated timeline representation of the adaptive cycles at the three scales and their interactions 

in the SES of La Marjaleria. 
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Fig. 17. Multi-scale timeline representation of the adaptive cycles at the three scales and their interactions in 

the SES of La Marjaleria. 
 

5.4. Interpreting the panarchy: current state of La Marjaleria 

 

After building the panarchy approach, the result needs to be interpreted in order to detect the  factors 

that conditioned the evolution of the SES and how they helped to drive it into its current situation  

from a general resilience scope. Also, some of the main variables affecting it could probably be 

identified, together with some of the thresholds that might have a major role in the changes of the 

system. Finally, a brief assessment of the general resilience is developed in which the current 

situation of the system is analysed and some of the traps affecting it are identified.  

 

5.4.1. Factors that conditioned its evolution 
 

Through the analysis of the panarchy constructed for the SES of La Marjaleria, and considering the 

manner in which the scales above and below affected the system, it can be said that both scales have 

had a critical role in shaping the area and conditioning its pathways. First, the co llapse of the 

agricultural economy at a national level during ‘50s supposed a change in the values of the society, 

maybe not from the ethical point of view (which generally takes a long time to happen), but surely 

from the economic perspective. Indeed, this new manner to valorise lands, that shifted from 

agricultural productivity to other factors such as desirability for urbanization, was the main factor 

that opened the possibility to new paths of development for the area. From a systems perspective, 

this event represents a collapse; it is, the release phase at the higher scale being transmitted to the 

lower ones and finally affecting the whole panarchy. This was possible because of the coordination 
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of scales at navigating phases, being all of them at a conservation phase and therefore being prone to 

shocks due to their low resilience. The main factor that allowed for the transmission of the shock was 

the low diversity (high specialization) of land uses in the focal scale, and of economic activities at 

the lower scale. 

 

Second, the implementation of the new economic paradigm during ‘60s was another key condition 

for the evolution of the area. From the upper scale, the new ideas of economic growth, urbanization 

and consumerism, together with the economic opportunities that were appearing from a country 

whose population was growing considerably (increases above 6 % for both 1960-1964 and 1965-

1969 periods (Alcaide Guindo, Alcaide Guindo and García Fernández, 2007))  and that was taking 

advantage from foreigner investments (r phase), made people start to rethink their opportunities for 

living (α phase). Although the older people were keeping their farms, since they were the only way 

of living they knew and as a way to produce food mostly for self-sufficiency, new generations were 

rapidly attracted by these new economic opportunities. This consolidated the navigation of a release 

(Ω) phase for the focal scale, in which the social (working) potential was leaking and leaving the 

area. From a panarchical approach, the navigation of a release phase at the lower scale represents a 

process of revolt that pushes the focal scale towards a release phase, and the following 

reconfiguration phase at the lower scale represents a process of novelty that marked the path of the 

focal scale towards the reconfiguration phase according to the manner in which the lower scale 

navigated it. 

 

During the ‘70s, one of the key factors that shaped the evolution of the focal scale was the land rights 

model. The fact that the ownership of the area was totally based on small-scale, private-owned plots 

represented a key factor in the navigation of the adaptive cycle during the following years. Although 

the upper scale was navigating a conservation phase, this ownership pattern evited the possibility for 

it to affect the navigation of the focal scale through the reorganization phase, which would have 

supposed an interaction pattern based on remember. In contraposition, it was the lower scale which 

had the command of the area, therefore conditioning the navigation of the focal system through the 

reorganization phase according to the exploitation phase at the lower scale, based on the appearance 

of built capital through the urbanization and the edification of the plots. Furthermore, and after the 

collapse of the higher scale caused by the end of the dictatorship, most of the administrative control 

in the area disappeared. The existence of an administrative control could have been relevant in 

shaping the area, because of its nature as non-urban soil that implied the prohibition to use it with 

residential purposes (Ley de Suelo, 1956). This collapse at the upper scale made possible for the 

individual behaviour from households to transform the focal scale. In this case, the emergence 

property of complex systems is what conditioned the shape of the focal scale, because of individual 

small-scale behaviour accumulating and creating big changes at a higher scale. This effect is what 

shaped the area mostly during ‘80s, therefore conditioning its navigation through the exploitation 

and conservation phase in consonance with the consolidation of settlements and the subdivision and 

selling of plots in order to maximize the occupation efficiency and generate economic capital for the 

land owners. 

 

The evolution of the focal system from the panarchical point of view was, therefore, conditioned by 

three main events: first, the “collapse” effect of the upper scale and its cascade -down; second, the 

“revolt” effect from the lower scale to the focal one; and third, the second “col lapse” of the upper 

scale combined with a land ownership model focused in the lower scale. Because of this, three main 

factors can be highlighted as the main drivers for transformation in the area: first, the changes in the 

appreciation of land uses, that turned from agricultural profitability to the desirability for housing, 

and that was mostly conditioned by the agricultural crisis generated at the national scale because of 

the policies; second, the collapse of the dictatorship that reduced the administra tive control capacity 

from the governmental institutions, situation that was also fostered by the strong top -down 

governmental structure in the manner that there was a lack of bottom-up governance structures that 

could have helped to apply some mechanisms of informal management in the area; and third, the land 

ownership pattern that allowed for land owners to freely dispose of their land in a self -interested 

manner that did not accounted for impacts at scales beyond their plots.  
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From this point onwards, located around the mid-90s, the area entered into a conservation phase in 

which it is still stuck. The approval of the municipal management plan for the area, in 2006, supposed 

the consolidation of a conservation phase from the upper scale in the manner in which the area was 

conceived from the administrative point of view. The fact that the neighbours at the lower scale 

started to associate and develop a collective action for the area was also determinant in this point, as 

they affected the management plan during its preparation phase. However, what is remarkable from 

both scopes is that none of both scales above and below envisioned the possibility of a transformative 

management scheme for the area. This maybe implies that the values that conditioned its evolution 

and consolidation in this state were still present at that time in both scales. In this case, this represents 

a “remember” effect from the values incorporated in the system during the ‘60s, in the context of the 

economic prosperity that happened at the national level, and that incorporated a perception of growth 

linked with the built environment and the urbanization. The manner in which the new economic 

prosperity period of ‘90s and ‘00s was navigated was, therefore, conditioned by these old values. 

Because of that, the plan was totally focused in the application of hard infrastructure and huge 

economic investments in construction, and at the same time, aimed for the administrative 

normalization of the area. From this point of view, the administrative abandonment that the area 

experimented during ‘70s and ‘80s, together with the private ownership scheme that impedes the 

application of a collective judicial action in the area, and the chaotic, almost anarchic, jurisdictional 

approach towards the regulation of houses from ‘90s onwards, implied that the situation of the houses 

in the area was highly complex from the juridical point of view. This complexity was determinant in 

the decision to approve a permissive management plan that avoided possible legal and administrative 

conflicts between the neighbours and the municipality. To sum up, the confrontation of conflicts in 

the area was avoided by increasing the economic investment and, therefore, both the potential and 

the connectivity of the system through the improvement of infrastructure and services, which implies 

the application of an “engineering resilience” scope based on excluding change from the area. This 

management approach, because of the predominant values both at the upper and lower scales, was 

generally considered as positive. 

 

The 2010s economic crisis supposed a tipping point for the management of the area from the upper 

scale caused by the lack of funds to finance the costly measures that were planned. From the economic 

perspective, the management plan was not feasible anymore, and most of the proposals were not 

applied yet (Marcos Vicente, 2017). This implies that the area was again in a situation of 

administrative uncertainty, although the municipality still had a high capacity for command and 

control in the area through the land use categorization included in the municipal plan. However, the 

economic situation caused a dramatic reduction in the investments from the municipality, therefore 

the situation moved towards a preservation model, in which the neighbours made private investments 

in their plots in order to maintain them in an adequate state for liveability, and according to the legal 

permissions. So it was again the isolated individual action that scaled up and conditioned the 

maintenance of the focal scale in its conservation phase. 

 

The current situation in the area passes through the new management plan that is next to be 

implemented (Ajuntament de Castelló de la Plana, 2017). Some of the key principles for this plan 

include: the definitive impediment of any new construction in the area, the protection and 

improvement of the areas with high ecological value, the application of new measures against the 

risk of flooding, and the consolidation and improvement of the liveability for the areas already built 

(Ajuntament de Castelló de la Plana, 2019a). This plan tries to find a consensus between the 

protection of the environmental values and the existing neighbourhood and its social values, and its 

definitive approval will suppose the higher scale to enter in a new conservation phase of the adaptive 

cycle, that will have the potential to condition the future of the whole system.  However, it still falls 

into the risk of retaining the old management values that entail a lack of resilience a pproach to the 

system, and that would imply the maintenance of the hard management measures based on injecting 

money in order to preserve the system, an approach that is not sustainable and that will not solve the 

existing problematics with regards to the system’s resilience.  

 

Moving to an ecological perspective, the evolution of the ecosystem follows a similar adaptive cycle 

storyline than the focal scale, starting with the first human occupation of the area that brought a huge 
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modification of the original ecosystem, transforming the landscape into an agricultural one. This first 

modification caused the ecosystem to move from a conservation phase to a release phase. However, 

it can be assumed that, because of the low intensification of traditional agricult ure and the fact that 

water was not totally excluded of the system, the ecosystem could have passed a reorganization phase 

in order to adapt to the new conditions, with new species appearing and some others disappearing, 

and entering again in an exploitation phase with a new and different configuration, but still 

maintaining some of the previous species and characteristics. The eventual consolidation of the new 

ecosystem, although probably in an impoverished state comparing with the original one, could have  

length until the incorporation of new intensification techniques in agriculture, such as the use of 

fertilizers and chemical pesticides. The fact that these substances eventually reached the water flows 

supposed for sure an impact in the ecosystem, by reducing the water quality and therefore affecting 

to the aquatic life. However, the definitive impact for the ecosystem came from the abandonment of 

the agricultural uses and the emergence of urbanization from ‘60s onwards. The generalization of the 

urban uses pushed the ecosystem towards a new release phase in which the traditional and the most 

sensitive species disappeared almost completely or were relegated to the remaining natural spots, and 

the territorial fragmentation supposed a huge loss in connectedness for the fauna. In the following 

reorganization phase, the area was occupied by species with high tolerance to humans, therefore 

approximating to the appearance of an urban ecosystem. But the urbanization of the area also affected 

the ecosystem directly, with the incorporation of exotic species in the gardens of the houses (Marcos 

Vicente, 2017), some of them in the form of ornamental plants and some other as pets. These species 

were also determinant in shaping the new ecosystem, some of them eventually reaching natural spots 

and becoming invasive species, like in the specific case of the Trachemys scripta, the Procambarus 

clarkii or the Gambusia holbrooki (Garcia, 2012). The huge disruption that these species caused in 

the local ecosystem implied that the new ecosystem was very different from the original one, with 

only a few dominant species introduced by humans. These invasive species are generally 

characterized by a high capacity to grow and reproduce, therefore having significant competitive 

advantage comparing with the local species when navigating the exploitation phase in the system. In 

the recent years, it can be said that the efforts to stabilize the populations of invasive species are 

forcing the ecosystem to be stuck in an early conservation phase, in which although the potential of 

growth is not yet at its maximum, it is impeded by the measures of species control. The ultimate 

purpose of these control measures is to eventually push the system towards a release phase that can 

allow to fully eliminate the invasive species, and help the system to navigate a new reorganization 

phase in which the conditions for the development of the indigenous species can be recovered, 

therefore letting the ecosystem to evolve according to its previous natural patterns. 

 

5.4.2. Key variables and thresholds 
 

In the assessment of the resilience of a system, it is of paramount importance to identify which are 

the most relevant variables to which the system is subjected and that consequently play an especially 

relevant role in its evolution. It is important to remember that, in the context of the panarchical 

approach, it is considered that there are only a small set of key variables which have a critical role in 

the evolution of the system (Holling, 2001). The identification of these variables is, therefore, the 

key towards a realistic and representative assessment of the dynamics and the understanding of the 

current situation and future pathways for the system. In the same context, the identificat ion of the 

thresholds (the tipping points that condition the evolution of the system towards different equilibrium 

basins, and their link with the variables), is what can ultimately help to make an assessment of the 

system’s resilience. 

 

Because of its relevance in the context of resilience it is important to identify the slow variables that 

are affecting the system, which are the variables whose change is gradual and therefore tends to 

happen unnoticed in the context of the system’s management and planning , but at the same time can 

have a key role in the evolution of the system because of its close relationship with thresholds (Biggs 

et al., 2015). In the SES of La Marjaleria, and from the application of the panarchy method and the 

critical historical approach made to the system, a set of slow variables have been identified at both 

social and ecological dimensions, and are presented here: 
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Groundwater system: the groundwater system in the area was ignored until recently, when 

problems such as water pollution arose and threaten the liveability of the area. The linkage 

of the area with groundwater, however, is of paramount importance: the overexploitation of 

the aquifer caused by the excessive extraction made by the inhabitants increase the risk of 

soil subsidence in the area and the potential damages to houses and goods (Marcos Vicente, 

2017), also its proximity with sea implies that the risk of saline intrusion is high (UPC-

CETAQUA, 2017, p. 259). Another key element in relation with groundwater is the soil 

availability: while the agricultural soil allowed for groundwater infiltration and therefore 

helped to recharge the aquifer, the use of impermeable pavements in houses and roads has 

supposed a loss of rainwater infiltration and therefore a reduction in percolation. The urban 

occupation of the area also brought the improvement in the artificial drainage to exclude 

water from the system, therefore reducing the amount of water available for infiltration. All 

these factors imply that the ecosystem services provided by groundwater, such as water 

supply for the city, which relies exclusively on this source (Romero Pavía, 2000), and also as 

a basic element for the health of the remaining wetlands ecosystem, are threatened. 

- Local ecosystem: another of the ecological aspects of the area that has been historically 

ignored is the local ecosystem. The old transformations in the area for agriculture already 

supposed an impact for it, but the process of urbanization has made it much bigger. Recently, 

the concern towards wetlands and its relevance, not only because of the freshwater, but also 

because of their biodiversity and the ecosystem services they provide, has supposed a new 

approach towards the appreciation of its value (UNESCO, 1994). However, the ecosystem 

fragmentation caused by urbanization and the desiccation of waterways, among others, has 

reduced dramatically the connectedness of the ecosystem, reducing it to a testimonial 

presence (Marcos Vicente, 2017) and threatening the ecosystem services it provides, such as 

carbon sink, recreational and aesthetic values, biodiversity, and flood risk regulation . 

 

- Economic context: the economy has also been a relevant variable affecting the evolution of 

the area. The loss of profitability from traditional agriculture was one of the main drivers for 

the changes in land use. Also, the availability of affordable terrain for urbanization 

conditioned the bloom of urban uses in the area. Currently, the economic situation in the area 

is diverse and complex, with some households struggling to maintain their houses through 

the payment of expensive municipal taxes and judicial procedures, while others are still trying 

to speculate by selling their houses and their plots. The economic situation of  the households 

and the economic context for the area will probably play a relevant role in its future 

development. 

 

- Values: one of the most relevant variables that condition the management of an area are the 

social and personal values. They set the framework in which the management practices are 

developed, and also establish the boundaries for what is considered as acceptable and what is 

not. Traditionally, Western management style approached nature from an anthropocentric 

scope that accounted little for nature apart from its instrumental utility for humans as a 

reservoir of resources and source of goods (Stanley, 1995). Because of this, traditional 

approaches towards nature have been based on domination, and in this case, the complete 

modification of the area (first with the implementation of the agriculture, and then with the 

urbanization) is a clear example. Also, the ownership scheme is a result of these values, as 

privative schemes of land use entail a higher focus on individual rights over common rights. 

The maintenance of these values depends on their perpetuation through power institutions, 

personal beliefs, and social acceptance, among others (Wright, 2010, pp. 198-199). Recently, 

the moral and institutional values are moving towards the need to preserve and protect nature 

from human impacts, but the penetration of these ideas at an individual level is still difficult 

to assess in the context of privately-owned areas. Also, some questions arise about whether 

this new approach really entails a step away from anthropocentrism and the embracement of 

holistic, systems thinking or it only represents a new version of anthropocentrism in which 

nature is preserved because of the realization of the dependence of human societies from t he 

ecosystem services, what would still represent a deterministic and engineering resilience 

approach based on the hard management of natural systems.  
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After the slow variables are identified, it is also important to identify the thresholds that are relat ed 

with them. The identification of the thresholds offers insights about how changes in the slow variables 

can potentially push the system outside of the current equilibrium basin and towards a new alternative 

equilibrium state, in which the ecosystem services are altered. In literature it can be found that 

thresholds are sometimes presented in a matrix, in which they are separated according to the 

subsystem in which they are found and the scale of the system to which they are linked (Walker et 

al., 2009). This matrix applied in the context of the SES of La Marjaleria is presented in Fig. 18. One 

of the difficulties in the context of thresholds arises from its quantification, that requires methods to 

assess its current state and to estimate the location of t ipping points, representing the values that 

when crossed cause a shift in the system’s trajectory. Because of the lack of resources  to make such 

an accurate assessment, only an identification of the thresholds and a qualitative approach to the 

tipping points is presented for most of them, as indicated as follows. 

 

 
Fig. 18. Thresholds matrix for the SES of La Marjaleria. Possible cascade effects between thresholds are marked with 

arrows. 
 

- Groundwater quality: agricultural chemical pollution, and sewage water pollution are the 

main factors affecting this threshold. This conditions the availability of freshwater for 

drinking and human use, and also the adequate conditions for the maintenance and 

development of a healthy ecosystem in the area, which relies mostly on groundwater inputs 

for its persistence. The tipping point, therefore, is linked with concentrations of contaminants 

that imply a risk for human health, and therefore impede the use of the water, and to the health 

of ecosystems and their biodiversity. 

- Groundwater quantity: the amount of water extracted from the aquifer must not overpass the 

recharge rate in order to ensure the sustainability of the water reservoir. This is also narrowly 

linked with saline intrusion from sea water, as a sufficient recharge rate impedes salty water 

to penetrate inland. Also, an overexploitation of the groundwater will affect the water table 

by deepening it, what will damage the ecosystem by desiccating most of the remaining natural 

spots therefore causing its definitive disappearance, and also increasing the risk of land 

subsidence. The tipping point, therefore, implies to maintain the extraction rate below the 

recharge rate to avoid the salinization of the aquifer. 

- Resilience of the original ecosystem: the resilience of the historical ecosystem in the area will 

determine the persistence of the ecosystem and its ecosystem services over time, while a low 

resilience could condition its future collapse. Its current situation, highly affected by the 

introduction of invasive species, implies that it is probably human management what impedes 

it to cross a tipping point and change its state towards an ecosystem dominated by thes e 

invasive species. 

- Land subsidence: the subsidence of plots can affect its liveability by causing structural and 
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material damages in the houses, being therefore a potential factor that could force neighbours 

to leave the area. It will also make the area more vulnerable to floods by creating the 

conditions for small scale endorheism to happen. However, it is difficult to establish which 

levels of subsidence would be acceptable. 

- Agriculture profitability: the loss of profitability from agriculture was one of  the key factors 

that unleashed the transformation of the area from a household perspective. Therefore, it is 

reasonable to assume that future changes in the profitability of agriculture can reshape the 

area again towards a new outcome. Again, the definition of a clear threshold in this case is 

complex and depends on many factors. 

- Urban land uses: although the urbanization in the area seems to be in a steady state, there are 

always some risks for it to reactivate. This could happen, for example, in the cont ext of 

administrative changes that allow for more permissive land regulations in the area. In this 

context, an increase of urbanization could lead to the definitive loss of its ecological values, 

such as its soil and ecosystems. A tipping point could be established in the case of a new 

economic and legal context that allows for another massive bloom of new houses in the area.  

- Social values: social values are one of the most relevant factors because of its potential 

cascade-down effect, that can cause major changes in the system by also pushing other 

thresholds beyond their limits. The manner in which human-nature relationship is conceived 

can potentially have a key role in the envision of possible futures for the area. Preferences 

between urban or rural landscapes can also condition the occupation or abandonment of the 

area in the future. In this case, it is also difficult to define where the threshold would be 

located. 

- Governance: the manner in which the area is managed is a crucial aspect that will conditio n 

its evolution. Some of the elements that affect this threshold are the individual and social 

values, the legislation and the ownership scheme. Although it is difficult to establish a defined 

tipping point in this case, it can be said that an approach of management based on greed and 

inequality would potentially affect negatively the resilience of the area, while a management 

scheme based on “good governance” may enhance the resilience (Bedi et al., 2014).  

 

5.4.3. “Is the system in a desirable state?” Resilience, traps and archetypes 
 

Another interesting insight from the panarchy approach is the possibility to detect system’s “traps”, 

or archetypes, that cause the system to malfunction and generate undesirable situations. The detection 

of traps can offer new useful points of view about the causes of problems, and therefore can open 

roads towards new ways of management that can allow to solve them. The ultimate purpose of this 

approach is to detect whether if, from a general resilience scope, the system is in a desirable state or 

there is a need to apply measures to enhance its capacity of adaptation or transformation.  

 

A first approach to the idea of traps in panarchies can be extracted from Fath, Dean and Katzmair 

(2015), as it has been already presented in the “Background” section. These traps are situations that 

cause the system to be stuck in a specific phase of the adaptive cycle therefore impeding the 

navigation of the adaptive loop. From this context, it is noticeable that the focal scale is stuck in a 

rigidity trap. The rigidity trap implies the intentioned maintenance of the system in a conservation 

phase through the application of external resources whose ultimate goal is to avoid the variability 

inherent to the system (Carpenter and Brock, 2008). In the context of La Marjaleria, it is represented 

by the focus of investments into hard infrastructure in order to improve liveability and reduce the 

possibilities of collapse, therefore trying to mitigate the effects of shocks. From Fath, Dean and 

Katzmair’s (2015) perspective, the lack of internal diversity of function and response , which implies 

a high degree of specialization only achievable thanks to stability,  is a prove of this trap affecting the 

system. Furthermore, the existence of a rigidity trap can also affect the system during the process of 

navigating future release phases (dissolution trap), in the manner that a lack of diversity in response 

would generate inability to improvise and therefore to adapt to the new circumstances, what implies 

spending a huge amount of resources to push the system back into a conservation phase, or in case it 

is not possible, the disappearance of the system and its rebirth into a  completely new identity (Fath, 

Dean and Katzmair, 2015). 
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One of the main drivers for the rigidity trap to affect the system has been the behaviour from both 

scales above and below the focal system. At the lower scale of La Marjaleria SES, the improvement 

in connectedness of households through its union in associations that look for specific goals implies 

the establishment of rigid and specialized structures, whose aim is to maintain the system in its 

current conservation phase. Because of this, the neighbours act in a coordinated manner that reduces 

the diversity of the system. On the other hand, from the upper scale, the lack of transformative visions 

for the area implies the acceptance of its status quo, while the loss of potential that would eventually 

push the area towards a release phase is compensated with economic investments in infra structure 

and conservation programmes that come from outside the system. The combination of these factors 

result in a highly connected (institutionalized) and highly resilient system in which potential 

(resources) is leaking. 

 

It is also interesting to consider the idea of mismatches between social and ecological scales of 

change, as a potential cause of disruption and management problems in SES (Cumming, Cumming 

and Redman, 2006). From this scope, the current state of La Marjaleria can be attributed to 

mismatches between the ecological and the social subsystem during the exploitation phase of the 

focal scale. During that time, the speed at which the changes in the system were occurring, driven by 

their origin at the lower (fast) scale, overwhelmed the mechanisms of feedback from the ecological 

subsystem at the focal scale, that were much slower than the changes that were happening. 

Furthermore, the inexistence of solid and reliable control mechanisms from the upper scale implied 

the lack of feedback from the upper scale to the lower ones, a feedback that could have been crucial 

in slowing down, or even stopping, the process of urban sprawl in the area. So, the problems in the 

system can be attributed to two mismatches that highly conditioned its evolution: one coming from 

the mismatch between the scales of social system change and ecological system response, and another 

coming from mismatches in the administrative control mechanisms within the social subsystem’s 

scales. 

 

Elaborating further in the idea of system’s traps, Meadows (2008) also presents a set of archetypes 

that can be commonly found in systems. In the case of La Marjaleria, there are three of them that are 

easily recognizable as affecting the SES. First, the “addiction” trap (Meadows, 2008, pp. 103 -106), 

that refers to the dependence of systems to external intervention that do not tackle the root of the 

problem and, at the same time, can potentially erode the capacity of the system to self -organize and 

adapt. In this case, the households in La Marjaleria are in a situation of high dependence from external 

economic investments in the area to improve the situation of liveability and the mitigation of risks, 

but that does not tackle the root of the problem (in this case, the lack of resilience), and nei ghbour’s 

position generally tends to ignore their capacity to make improvements in the area at a household 

level, charging the blame to the municipality. Second, the “rule beating” trap (Meadows, 2008, pp. 

106-109), that refers to the capacity to “gamble” with laws without breaking them, therefore using 

them for the own benefit but at the same time undermining their main purpose. In the context of La 

Marjaleria, “rule beating” was a key factor that conditioned the evolution of the area and its process 

of urbanization. The territorial planning law that affected the area during that time (Ley de Suelo, 

1956) did not consider illegal constructions at all, but established that constructions were allowed 

only to support agricultural purposes (such as storage rooms or warehouses) as long as they respected 

some limitations in density, occupation, or height. Because of this, the urbanization process was 

initiated by owners that built houses respecting the legal limitations, but using them for residential 

purposes (that was not allowed by the law but was sometimes difficult to prove). The discovery of 

this breach in the law was a key factor in the appearance of the first houses in the area, and also in 

the consolidation of the urbanization process through the massive engagement of actors in it. The last 

trap is known as “seeking the wrong goal” (Meadows, 2008, pp. 108-110), and consists in an 

inaccurate or wrong definition of the system’s goals, causing that the goal sought is not the right one 

nor the desired one. In the context of La Marjaleria, and from the panarchy perspective, the fact that 

the system is maintained in a rigidity trap implies that the management is still focused in an 

engineering resilience scope, based on applying an approach to resist to changes that go against the 

principles of systems thinking and promotes a business-as-usual management approach, which does 

not focus on tackling the problem from its roots. 
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Finally, in order to have a diagnose of the state of the system from a resilience perspecti ve, it is 

interesting to look at how the general resilience of the system looks like. Although it is difficult to 

set the pieces for a comprehensive general resilience analysis, which would require a thorough 

analysis of each of the variables, it is possible to develop a basic, shallow approach to some of them 

by using the information obtained from the application of the panarchical approach. As it has been 

mentioned before, Walker and Salt (2006, p. 121) identified three main variables that condition 

general resilience: diversity, modularity and tightness of feedbacks. Diversity makes reference to the 

amount of different functional units that exist in the system, and can refer to species, institutions, or 

people. In this case, the fact that the ecosystem is now in a degraded state, with a set of dominant 

exotic species and the indigenous species being endangered and reduced to some residual patches; 

the low diversity in institutions governing the area, mostly represented by the municipality itself; and 

the coordinated behaviour of neighbours through a small set of associations that generally have 

similar goals with regards to the conception of the area, implies that the overall diversity of the 

system can be considered low. Modularity refers to the existing l inkages between the components of 

the system. In the case of La Marjaleria, the ecological modularity is high because of the isolated 

characteristic of indigenous ecosystems; while at the level of the social subsystem it is more difficult 

to assess. For example, there are some low modularity systems such as roads, energy grids, water 

sources, or centralized governmental institutions, but also other high modular ones such as 

neighbour’s associations and physical separation between plots and neighbours, which  can generate 

social distancing. Tightness of feedbacks refers to the manner in which shocks or changes are 

transmitted through the system. While current existence of associations can help to increase tightness 

by making information flows more fast and accessible, the top-down and centralized management 

approach that still exists in the area can cause some important feedbacks to be systematically ignored 

because of failures in the design of the management plan. 

 

From the analysis developed in this section, it can be said that the system is not in a desirable state 

from a resilience perspective. The existence of the rigidity trap implies a threat to the evolutionary 

resilience of the system, making it “an accident waiting to happen” (Holling, 2001) in the eve nt of 

shocks that overwhelm its capacity to persist in the conservation phase, and could also undermine its 

capacity to navigate the release phase. While mismatches between scales had a key role in pushing 

the system into its current situation, mostly through the “rule beating” archetype (quick changes at 

small-scale level overwhelming ecological and institutional control mechanisms), the current 

situation is mostly maintained through “addiction”, that places the burden of system’s management 

on outer institutions, and through these institutions “seeking the wrong goal” by basing the 

management in command-and-control and engineering resilience principles. The low diversity in the 

system also supposes a risk for its resilience as it undermines the capacity to  envision different 

alternative futures for the area, and if combined with a high social modularity it could imply a loss 

of the capacity of emergence that characterises complex adaptive systems and its potential to change, 

adapt and evolve, situation that is fed by the strong top-down management approach that comes from 

upper institutions and that can potentially make critical feedbacks in the system to be ignored.  

 

5.5. Specific resilience: the problem of floods in La Marjaleria 

 

While assessing the general resilience of a system can offer an interesting diagnosis of its current 

state and possible manners to improve management practices, systems have generally some specific 

and recurrent shocks that can cause a direct impact in their function or structure.  Because of this, it 

is also interesting to focus the resilience assessment in these specific shocks, in order to assess the 

resilience of the system or their components with respect to them. In the case of La Marjaleria, one 

of the most recurrent shocks that the system experiments are floods. Therefore, it is considered 

relevant to make a specific resilience approach in the context of this shock.  

 

Because the specific resilience approach tries to answer the question of “resilience of what, to what?” 

(Carpenter et al., 2001), there is a need to set the scope for the assessment. The assessed risk in this 

case corresponds to the risk of flooding in the area, that has its origin in torrential rains. The targeted 

component of the system corresponds to the social subsystem, mostly represented by the households 

and the physical and material impacts of floods, and physically delimited by the geographical 
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boundaries previously set for the SES of La Marjaleria. 

 

In order to develop a specific resilience approach from the results obtained in the panarchy 

assessment, it is necessary to analyse how the current state of the system and the interactions between 

scales affect the manner in which the system responds to the targeted shock. Applying the Fath, Dean 

and Katzmair (2015) approach to the adaptive cycle in social systems, floods represent an external 

shock that can eventually push the system towards a release phase. The resistance of the system to 

escape from the conservation phase and enter into the release one in the  event of the shock will 

depend on the inner response mechanisms, as they establish the tolerance range that the system can 

stand before crossing the threshold. In the case of La Marjaleria, the threshold is set by the pumping 

systems and ditches that help to evacuate the water during flood events, together with the emergency 

protocols that allow people to prepare themselves and eventually evacuate the area if necessary. 

However, as Marcos Vicente (2017) states, the pumping system that is currently found in  the area 

has a capacity that can cope with a maximum of 50 mm/hour of rain. Currently, there is a tendency 

of rain events in the area to be more extreme, therefore the amount of days per year with episodes of 

rain over 50 mm/hour is increasing (Marcos Vicente, 2017) and could presumably increase given the 

future climate change scenarios (Cortès et al., 2019). Because of this, new approaches about how can 

the system deal with these events in an improved manner would be very useful.  

 

From the systemic perspective, it is interesting to depart from the analysis of how there has been a 

tendency to manage through excluding the water from the system, even though it was a natural 

element before human settlements. The natural ecosystem was highly resilient to floods from an 

ecological perspective, and in fact floods could even be considered as one element intrinsic to the 

system, that had a regulating role by conditioning displacements of species according to their 

tolerance to water saturation levels. However, as human settlements become established, the water 

was progressively excluded, first through the desiccation of plots for agriculture and the use of 

channelling techniques to force the water to move towards the sea, and later through the urbanization 

of the area. Focusing on the panarchy model of La Marjaleria (Figs. 16 and 17) it is appreciable that, 

even though the different manner in which both scales above and below have navigated the adaptive 

cycle, none of the changes that happened at the different scales entailed a change in the manner in 

which the management of the focal scale, in the context of water and flood risks, is conceived. 

Therefore, the focal scale is continuously maintained in a conservation phase which is also consistent 

with the existence of a rigidity trap from the scope of risks management. In the context of risk 

management, there is a lack of innovation coming from the lower scale, that could feed the “revolt” 

interaction and envision transformative changes in the area, probably because of traditional values 

about land management, related with the conception of urban spaces as areas in which nature is 

excluded, and land ownership, in which private uses entail a “narrow” vision of management limited 

to a plot scale that tends to exclude the landscape scale, are still deeply rooted in the lower scale. 

This could also condition the manner in which the upper scale conceives the management of the area, 

because of the lack of transformative bottom-up feedback or response entails the legitimation of the 

status-quo and traditional approaches in the context of water and risk management. Because of this 

situation, in which all the scales are focused on being maintained at a conservation phase, the system 

is also, from the scope of risk management, stuck in a rigidity trap, being therefore “an accident 

waiting to happen” (Holling, 2001). This lack of adaptability implies that, in case the thresholds are 

crossed, the system will collapse and probably disappear, like observed in other similar cases ar ound 

the world such as Katrina hurricane in New Orleans (Gunderson, 2010).  

 

Analysing the traditional flood management in the area, it can be appreciated the high focus on 

reductionist approaches, that entails a consideration of water as an element that can be extracted from 

the system without negative consequences. The first modifications in the area to accommodate 

agricultural uses, although consistent with the presence of water in the system, limited its 

consideration to its usefulness as a resource for irrigation, therefore ignoring its ecological function 

and the ecosystem services related with it. This instrumental vision of water, perpetuated among time 

through the maintenance of agricultural uses, could have been determinant during the process of 

urbanization. In that new context, because of the abandonment of the traditional agricultural uses, 

the water was no longer seen as a useful resource, consequently a general conception of water as an 
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undesirable component of the system arose. These stages in the perception of water management in 

the system can be appreciated in the evolution of the infrastructure related with water: from the first 

network of irrigation ditches that represented the arteriae through which the water flow through the 

system could be utilized for the benefit of humans; to the water pumps, Archimedes’ screws and 

ditches that are currently used to completely remove it from the system.  

 

Because of the negative perception of water in the context of system’s liveability, it is possible that 

the adoption of measures devoted to remove and prevent the presence of water in the system, such as 

the channelling of the “Riu Sec” through the installation of ditches in the early ‘70s (Diputació de 

Castellló, 2006), could have created a “levee paradox” (Wenger, 2017). This paradox implies that, 

because the application of risk exclusion techniques reduces the social perception of risk in risk -

prone areas, these areas tend to be further developed, therefore increasing the potential exposure to 

the risk. These could have been a key factor in conditioning the bloom of houses in the area from 

‘70s onwards. 

 

The traditional approach based on flood risk exclusion, in which even the small floods are kept 

outside the system, might have had a huge impact in the process of community learning towards 

adaptation to risks, and could have promoted a business-as-usual development in the area, in the 

context that no special considerations to possible floods affecting the system have been taken during 

the process of urbanization. Because of this, some of the traditional irrigation diches and waterways 

towards the sea were blocked, the soil was paved, some of the native vegetation removed, and the 

private plots were surrounded by impermeable walls. The consequence is that the effect of floods 

when the water pumping capacity is overpassed tends to be more severe.  

 

According to the two different approaches to risk management presented in the “Background” 

section, the approach towards flood risk management in the area can be  considered as affine to the 

traditional resistance approach, since the management approach is focused on excluding the risk from 

the system. This has been highly conditioned by the traditional values that implied the conception of 

the area as totally subjected to human exploitation and a high reliance on human capacity to manage 

risks. In the context of the ongoing climate change and the possibility for flood risks to become more 

frequent and severe in the area, this management approach proves not to be adequate from the scope 

of the system’s resilience to future shocks. 
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6. Discussion 

The panarchy approach has offered interesting insights to assess the SES of La Marjaleria from a 

historical, multi-scale and integrated scope. By applying this methodology, the key events that 

conditioned its evolution have been made evident, and a special consideration has been given to the 

interactions between actors at multiple scales and its capacity to shape the whole system. 

Furthermore, the identification of slow variables and thresholds has been possible, together with the 

traps affecting the system, and a brief approach to its general and specific resilience.  

 

In this section, the aim is to elaborate further on these results, first by considering possible 

alternatives to the current flood risk management approach that are focused on resilience. 

Furthermore, the methodology used is assessed from a critical scope, in order to evaluate the strengths 

and weaknesses found from its application in the selected SES, and linking them with the critiques 

found in bibliography.  

 

6.1. Managing floods from the scope of resilience 
 

Could it be possible to apply an approach to food risk management in the area based on recovering 

the systemic view of water, through integrating water in the landscape? How can the system become 

more resilient to floods, from a SES’s perspective? Some of the answers to these questions can come 

from adopting a resilience approach for risk management. From the traditional risk management 

perception, risks are generally assessed according to their probability, in the context that low risks 

with high frequency are considered as equal to high risks with low frequency (De Bruijn et al., 2017), 

what might not be accurate from a systems perspective in which high risks might have a much higher 

capacity than low risks to make thresholds in the system to be crossed and push the system towards 

a release phase. In this context, a resilience approach to risk management that accounts for allowing 

exposure to low risks in order to enable the system to learn and therefore build resilience capacity to 

high risks seems to be more adequate. This approach is especially adequate in the context of risks 

derived from climate change, which require of a different approach to risk management that accounts 

for uncertainty and variability and therefore implies stepping away from probabilistic approaches 

that only account for past events and do not look towards the future (McClymont et al., 2019).  

 

The principal change must come in the way water is perceived in the system. By accepting that water 

is one more element in the system and that excluding it is a nonsense, new paths to work with water 

instead of against it are prone to arise. As a first approach, one of the main changes should come 

from the recovery of the old water paths that helped it to move towards the sea  (Fig. 19), and that 

nowadays have been blocked by hard infrastructure, constructions, and bad management practices. 

In this direction, two main actions would be necessary to enhance the connectivity of the area: 

working with the existing topography in order to allow for water to flow by gravity, and to restore 

and maintain the traditional irrigation network that is currently highly degraded and blocked, and that 

helped to carry the water towards the sea. With these measures, the conditions of the system will be 

consistent with the presence of water in it, and in the case of low risk floods an improved drainage 

system will surely help to deal with the possible impacts. 
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Fig. 19. Map showing the network of traditional irrigation channels (blue lines) in La Marjaleria (adapted from Peña 

Ortiz et al., 2009). 
 

Another crucial aspect of the risk of flooding comes from the modification of the infiltration capacity 

of the area. The construction of houses and the sealing of soils with asphalt and impermeable 

materials reduce the surface available for water infiltration. Also, the abandonment and degradation 

of agricultural areas can affect further to this reduction. A possibility to enhance infiltration could be 

to promote the transformation of abandoned agricultural plots into infiltration areas, with appropriate 

vegetation that can help to enhance the porosity of the soil. There is also a possibility to combine 

both agricultural production and soil infiltration by implementing conservation agriculture methods 

(Shaxson and Barber, 2003), having into consideration that the species used should be consistent with 

the existing ecosystem. 

 

Improving the connectivity between plots could be also a crucial element in allowing the water to 

flow through the system and escape from it in the event of floods. Some of the plots have currently 

impermeable walls separating them, what impedes the water to escape in the event of floods, therefore 

increasing the recovery time at a household level. Their substitution for permeable fences will help 

to allow for the water to flow freely through the system and therefore to follow its natural way 

towards the sea. 

 

When it comes to the topography of the area, there exist some points that correspond to depressed 

locations whose altitude is below the sea level (Marcos Vicente, 2017). Form the risk perspective, 

the occupation of these areas for housing has only been possible through the existence of hard 

infrastructure measures that allow to maintain the water outside the system, such as water pumps and 

ditches. Therefore, the occupation of these areas represent an extra level of risk that, from a resilience 

perspective, would not be admissible. Therefore, the occupation of these areas should be seriously 

reconsidered and negotiated between the government and the households.  

 

From the scope of the ecosystem’s health, it would be desirable for the risk management to enable 

the recovery of the degraded areas, in order to allow for the ecosystem to recover its connectivity and 

its capacity to provide ecosystem services such as flood risk mitigation and water purification. Its 

state, narrowly linked with the groundwater characteristics, could help to enhance the connections 

between the social and the ecological spheres, by enabling again the interchange of knowledge in 

management practices and the capacity of the social subsystem to learn from the environment, leading 
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to a change in social values towards the appreciation of the ecosystem services and the importance 

of the ecosystem for liveability. Ultimately, this will represent the recovery of the integration of the 

social and the ecological subsystems of the SES, and the recovery of the feedbacks between both 

subsystems, what could help to address the problem of the mismatch between the ecological and the 

social subsystems. 

 

One of the main principles in the context of resilience risk management comes from the consideration 

of households as active actors in the system and its management, instead of just passive “victims” of 

risks that depend on the measures coming from the upper scale (Wenger, 2017). This is a key element 

in the adoption of new management measures, and will imply the restoration of the risk perception 

at the household level. With this new vision, new opportunities will be opened towards building 

alternative visions and management approaches to the system in the context of working towards 

resilience. Although criticisms have risen from the possibility that governments tend to underestimate 

their role as risk managers, by transferring the responsibility to households (Sudmeier-Rieux, 2014), 

a scheme based on good governance, therefore entailing principles such as participation, inclusion, 

responsiveness and adaptability (Kioe Sheng, 2020) would be adequate to prevent this to happen. 

 

Without the purpose to elaborate a comprehensive approach to management of flood risks towards 

resilience, these are just a few suggestions that could help to address flood risk challenges in the 

system. Further information and recommendations about resilient risk management can be found in 

literature (De Bruijn et al., 2017). But again, it is important to keep in mind that focusing too much 

in specific resilience and abandoning the general resilience of the system can lead to undesirable 

consequences that can undermine the general resilience of the system (Walker, 2014). 

 

6.2. Reflections on the methodology and its usefulness 

 

After having applied the panarchy approach into the SES of La Marjaleria and discussed the results, 

both from a general resilience and a specific resilience perspective, it is relevant to reflect about the 

manner in which the selected methodology has affected the development of the research, and the 

usefulness of the insights obtained from it. 

 

First of all, I would argue that the panarchy approach has offered new interesting points of view about 

the historical evolution and the current situation of La Marjaleria, that have not been found in 

previous bibliography, and that offer new angles of vision of the SES and its problematics , therefore 

opening new roads for rethinking the management practices that imply stepping away from the 

reductionist approach and embracing holism and complexity. Its multi-scale scope makes possible to 

build an integrated timeline and emphasize the interactions between scales, what allows to gain a 

more comprehensive understanding about how the system evolved. In this context, and from the 

analysis based on complexity of systems, it provides a more neutral approach, in which no culprits 

are sought because a relevant weight is put on the emergence property inherent to CAS.  Because of 

this, one of its potentials consists in its capacity to build consensus among stakeholders about the 

current state of a system, in contraposition with reductionist approaches that generally contribute to 

foster discrepancies and conflicts by focusing on looking for culprits. Furthermore, the introduction 

of the new graphic representation method that accounts for the time dimension in the system offers 

an interesting manner to approach the results that are offered by the panarchy to the general public, 

therefore helping to enhance the capacity of understanding and consensus even when working with 

actors that are not familiarized with the methodology. However, there are still some potential 

problematics related with its application, such as the difficulty to represent systems that do not 

navigate the phases of the adaptive cycle according to Holling and Gunderson’s (2002) model (Fig. 

4) and that will imply losing the continuity of the linear representation,  so the further applicability 

and possible capacity of adaptation to different systems still needs to be tested in other study cases. 

Furthermore, its application must account for the fact that its representativeness is totally conditioned 

to the quality of the assessment previously developed, and its capacity to catch the essence of the 

adaptive cycle approach as formulated by Holling (2001), “to be as simple as possible, but not 

simpler”. In the context of future research, it would be interesting to study around ways to increase 

its capacity to be a self-explanatory model, for example, by combining it with further graphic 
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representation techniques that can also help to catch the essence of the driving variables affecting the 

system at every stage of its evolution without the need of further written explanation.  

 

From the scope of resilience thinking, the panarchy approach offers a useful departing point to 

approach the current situation of the system, helping to identify critical thresholds that have been 

crucial in conditioning the evolution of the system and traps that can be the source of malfunct ions 

or conflicts. Even though it does not directly offer solutions to these issues, it certainly sets a useful 

departing point in order to work towards resilience. Furthermore, because of the high adaptability 

that panarchy approach tolerates, its usefulness can be appreciated for assessing both general and 

specific resilience, applying in each of the cases a different scope in the assessment of the results that 

it offers. 

 

One of the main difficulties that appear when applying the panarchy approach comes from the need 

to clearly establish the definition of the system that is going to be studied. This implies that the 

representativeness of the results will be subjected to the accuracy of the SES definition according to 

its components and its boundaries, and an unrealistic approach may lead to erroneous results. In this 

context, as Colding and Barthel (2019) highlight, it has been found that there is a lack of a systematic 

definition of SES, and even in some articles that specifically refer to this topic, no definition is given.  

In the context of panarchy assessment, this implies that sometimes the main object of study is not 

even well defined, therefore it makes difficult to assess the accuracy of the results and reduces the 

comparability of studies, what in general represents a weakness in building a solid basis for the 

development of scientific panarchical approaches. In order to make panarchy and the study of SES a 

reliable source of knowledge, a high degree of transparency in their application is needed.  

 

Another possible limitation of the panarchy methodology comes from the expertise needed in order 

to apply it and to extract relevant results from its application, at the same time that the requisite of 

simplicity is met. This is a skill that can only be developed through practice, as it requires both a 

good knowledge of the methodology itself and of the SES in which it is applied. However, a tight 

knowledge of the SES could also be the source of biases in the interpretation of results, by taking 

advantage of the adaptability offered by the panarchy approach to construct a desirable outcome 

according to self-interests. This can be avoided by making an explicit assessment of the SES in the 

context of its historical evolution that accounts for the use of diverse bibliographical sources, and 

that also considers the opinions from different stakeholders with a critical perspective.  Also 

multidiscipinarity in the application of the methodologies would be desirable, in order to account for 

different points of view from different knowledge fields, what can help to build a more accurate 

approach to the system studied. 

 

When it comes to the critiques that have been found in literature about the methodologies and 

approaches used, I would argue that some of them can be tackled with the insights obtained during 

the development of this thesis. For example, in the case of SES methodology, some of the criticisms 

such as the biases in methodological approaches or the tendency to oversimplification can be 

overcome with a higher transparency in the process of defining the components and the boundaries 

of the system, and justifying the principles and methodologies in which the decision has been based. 

This can also help to set the pieces for a more systematic and scientific approach to the construction 

of SES, which remains as one of the more relevant challenges for this systems analysis methodology 

(Colding and Barthel, 2019). Also, in questioning the capacity of SES to challenge power structures, 

I would argue that applying a panarchical assessment to SES can open ways to question the current 

structure and its capacity to contribute to undesirable states of the SES, therefore opening ways for 

this challenge to happen. 

 

The concept of resilience has also been criticised in some cases. In response to the criticisms included 

in this thesis, I would argue that some of the problematic visions of the concept come from an 

approach to understand resilience based on reductionism. The idea of resilience entails a new manner 

to approach the reality of systems, but as every existing model, it is not perfect. Therefore, trusting 

resilience as a panacea, a solid theory and “the ultimate goal of systems” implies falling again into 

reductionism, by assuming that there is only one possible vision of reality that needs to be blindly 



50 
 

trusted. Considering the existence of universal truths, and even more in the context of complex 

systems in which chaotic behaviours are not rare, implies again oversimplifying reality. The main 

usefulness of the idea of resilience needs to be considered in the context of its potential to offer new 

and different approaches to problems in systems that step away from the reductionist approaches, 

therefore opening roads for alternative visions that differ from the business-as-usual approaches. 

Therefore, applying a reductionist approach to assess resilience might lead to misunderstanding. 

Finally, I would argue that the usefulness of a methodology, as it happens with models, is conditioned 

by the context, and in this case the social and global problematics that arise in the context of the 

Anthropocene and the risks derived from climate change support the need of an approach to 

management that differs from reductionism, and which resilience can offer. 

 

When it comes to the critiques about the adaptive cycle metaphor, I would argue again that so me of 

them come from assessing it through a reductionist scope. As Holling (2001) says, the adaptive cycle 

must not be seen as a theory about how systems behave, but rather in the context of heuristics, 

problem solving and its capacity to provide new approaches to work with systems. Therefore, 

considering it as a “master recipe” implies again falling into misunderstanding through looking for 

pure, deterministic truth that does not account for the complexity of the systems in real world. Also, 

the idea of systems seeking for “common goals” makes no sense from the scope of complex adaptive 

systems, in which emergence property can be considered rather a by-product of the system and not 

an intentioned outcome. In this context, the idea of resilience arises from the possibility that this 

emergence can also produce undesirable or perverse behaviours that undermine the overall function 

or persistence of the system or its elements, and therefore some mechanisms are needed to allow for 

changes in the system in order to correct these archetypes. In this context, the adaptive cycle offers 

a general metaphor about how systems navigate these changes, but again, every system might be 

different and not all of them might fit the cycle, and it is important to have this into consideration in 

order to make a rational and realistic use of the methodology. 

 

Finally, in the context of the critiques to panarchy, first of all it is needed to highlight the same 

principles that are considered in the context of the adaptive cycle. Panarchy must not be trusted as a 

theory, but as a metaphor. This implies, again, that not all systems will fit this methodology, and 

therefore there is a need to carefully assess the possibilities that it offers before investing too many 

efforts into trying to fit the targeted system into the model, what will surely lead to misinterpretation 

and wrong results. When it comes to the consideration of the scales, I would argue that one of the 

strengths that the methodology offers is based on its versatility in this point. As every system is 

different, the scales need to be defined ad hoc, while a solid methodological approach in this context 

might undermine the capacity of the model to be used in some of the systems. Again, transparency is 

a key factor, and including a justification of the selected scales will strengthen the reliability of the 

results and open ways towards improvement. In the context of power conflicts and its detection, again 

it must be said that the methodology only offers a framework to explore complex systems, but it is 

not specifically targeted towards a set of indicators or outcomes, therefore the interpretation of the 

results will always be conditioned to the specific application to which they are focused . This implies 

that, through a specifically targeted design, the existence of power conflicts in a system could also 

be detected, therefore it is not contradictory with the methodology. However, it is important to remark 

again that, in the context of social sciences, it might be dangerous to consider the panarchy as a 

theory, as long as its application will always be conditioned by the practitioner, the scope of the 

research and the manner in which the system has been defined. Therefore, results in this sense must 

always pass through a process of deliberation and negotiation between stakeholders, that can make 

possible to account for the existence of these power structures and conflicts. 

 

Another debate coming from the social sciences implies questioning whether resilience is a desirable 

attribute of systems (Béné et al., 2012), in the context that what is good or bad is always relative and 

shaped by power structures. I would argue that in this context, a panarchy approach offers new 

possibilities to challenge the traditional assumption that stability is good and change is bad, idea that 

is generally fostered by existing power institutions in capitalism, and that has been at the centre of 

humanity for a long time in the shape of reductionism and deterministic approaches to the world . As 

it has been argued before, the current context of Anthropocene and climate change mi ght imply that 
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achieving this stability is no longer possible nor feasible. In this context, an evolutionary resilience 

approach can offer alternatives to the traditional engineering resilience approach, which indeed 

considers change as bad, by opening new perceptions that can make adaptation of humanity to these 

challenges possible. After all, as both individuals and species, what we all agree is that our survival 

should be considered as something good, at least from our perspective, therefore if resilience can 

help to foster our possibilities to survive on Earth it must be considered as positive, which is after all 

the essence of sustainable development. 

 

A final interesting thought to be considered implies the comparison of the different approaches to the 

adaptive cycle metaphor: the one built for ecological systems by Holling (2001), and the one built 

for social systems by Fath, Dean and Katzmair (2015). In the context of the current thesis, I would 

argue that Fath, Dean and Katzmair (2015) has offered a more useful insight for the SES of La 

Marjaleria. One of the differences between both models is that Holling’s (2001) does not incorporate 

an explicit consideration to a voluntary focus of the system in staying in a conservation phase by 

actively modifying the thresholds and the inner resistance mechanisms. Although this can also be a 

feature of some ecological systems, the scope in which Holling developed this method did not account 

for those systems at all. However, when applying the adaptive cycle approach to social or social -

ecological systems, the approach that Fath, Dean and Katzmair (2015) offer is consistent with their 

nature as complex adaptive systems, in the context that it accounts for their emergent capacity of 

self-organization. This approach, therefore, allows for the consideration of engineering resilience as 

an emergent capacity of the SES, what is not possible a priori by using Holling’s (2001) model.  
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7. Conclusion 

In this thesis, the application of the panarchy methodology has been successfully developed in the 

specific SES of La Marjaleria (Castelló, Spain). The methodological process has involved, first, the 

identification and characterization of the system, followed by its definition as a SES that included 

the delimitation of the boundaries for each scale (the households, the SES focal scale and the 

government institutions) and their main components. Consequently, an adaptive cycle assessment has 

been applied in each of the scales separately, and has been lately merged into a single panarchy in 

which the interactions between them have been highlighted. 

 

The panarchy assessment has revealed the manner in which both scales above and below the focal 

system had influenced the evolution and the current status of the focal system. In this context, three 

main interactions have been critically influential in guiding the evolution of the focal system: first, 

the collapse of the agricultural system from the upper scale that cascaded down to the lower scales 

of the panarchy; second, the reconfiguration phase at the lower scale that conditioned the navigation 

of the release phase at the focal scale towards the same direction; and third, the second collapse of 

the upper scale that reduced its capacity of command and control, and that combined with an 

ownership scheme based on privatization allowed the lower scale to take the command of the focal 

scale and condition its evolution. 

 

The results obtained from the panarchy have also allowed to make a further analysis of the system, 

in which the main slow variables that have affected the evolution of the system have been identified, 

together with some of their thresholds. It has been detected that the state of the groundwater system 

and the ecosystem, the economic situation at both upper and lower scales, and the personal and social 

values, have been determinant in conditioning the transformation of the system. Also, some of the 

traps that are currently affecting the system have been identified, such as the rigidity trap affecting 

the focal scale through the pressure from both upper and lower scales to avoid transformation ; the 

existence of two main mismatches in the system (one coming from the interaction between the lower 

scale and the ecological subsystem, and another related with control mechanisms from the upper 

scale); and three main archetypes that conditioned its evolution and current situation: addiction, rule 

beating, and seeking the wrong goal. Ultimately, a brief assessment of the general resilience of the 

system is developed, that reveals a low diversity, a medium modularity, and a low tightness of 

feedbacks, implying that the system has a low overall resilience. Because of time limitations no 

further elaboration about how to enhance the general resilience of the system is given, what therefore 

remains an open topic for future studies. 

 

When it comes to the risk of flooding, the rigidity trap in the focal system conditions the risk 

management approach in the area, based on a traditional management approach that entails an 

engineering resilience scope towards risk, and that is consistent with the rigidity trap found in the 

panarchy assessment. The “levee paradox” could have been determinant in reducing the perception 

of risk by the households, therefore conditioning the expansion of the urbanization in the area.  In the 

context of climate change and the increase in torrential rains frequency and intensity in the area, it 

would be desirable to apply new management approaches in the area that are consistent with the 

presence of water, and that allow for adaptation to risks through a controlled exposure. This 

transformation must entail changes in the infrastructure and the territory layout, but also a 

transformation on the governance scheme and the role of stakeholders at the lower scale.  

 

In general, a panarchy approach has helped to evidence the problems in the area from a systemic 

point of view, highlighting its consideration from a dynamic and integrated scope that accounts for 

the complexity of CAS like it is the case of SES. This new approach might foster understanding 

between stakeholders and can help to envision future roads towards a management based on 

agreement and focused on long term resilience of the system, which sometimes is not taken because 

of fears to make things worse and the resistance from upper scales in the panarchy to change . In this 

context, a panarchy approach can help to set a solid ground that can contribute to dissipate fears to 

change. Furthermore, the new graphic approach to adaptive cycles and panarchy introduced in this 
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thesis can help to enhance the understanding of the evolution of the system, and approach a 

panarchical vision of systems to actors even when they are not familiarized with the methodology. 

However, its usefulness in different contexts still needs to be tested through its further application.  

 

Although panarchy does not offer solutions to system’s problems per se, its value resides in its 

possibility to offer alternative assessment approaches that differ from traditional, deterministic ones, 

therefore setting a solid methodological basis for the development of management plans that can 

account for complexity. However, there are still some dangers in its use that can undermine its value. 

Some of them include its overreliance as a solid scientific theory that can lead to wrong assessments 

and mismanagement, the lack of transparency found in articles about its application that impedes a 

correct assessment of its accuracy and therefore supposes an obstacle to methodological 

improvements, and the still predominant deterministic approach towards the relationships between 

humans and nature that can lead to a wrong application and therefore undermine its credibility. 

Because its nature as a model, and even more a model based on a problem-solving approach, its 

usefulness will be always conditioned to the usefulness of the results that it generates. In this context, 

further studies about its application into different systems can help to generate a better understanding 

of its usefulness and its limitations, and also to take advantage of its versatility to build improvements 

in the model. 

 

One of the challenges in the context of panarchy studies lies on the still immaturity of the study field. 

A search on Dimensions.ai (2020b) about the number of articles in which “panarchy” or derived 

terms are included in the title or the abstract returns only 125 results. This reduced amount of previous 

references to the topic still highlights the need for further studies in order to dispose of a solid and 

diverse academic basis for comparison and improvement. As Schoon and Van der Leeuw (2015) state, 

this immaturity constitutes another challenge in the context of distinguishing good science caused by 

the lack of solid references as a source of comparison, and also from the new generation of 

interdisciplinary practitioners that might clash with the traditional, disciplinary -focused science 

practices and therefore might struggle to fit into the already existing scientific and social structures 

and institutions. 

 

In the context of the challenges of Anthropocene, climate change and sustainable development, a 

resilience approach can help to support a shift in the perception of variability and change as 

something negative for humans, therefore opening alternatives to the traditional engineering 

approach focused on rigidity and excluding shocks, which in the context of climate change might 

imply a naïve approach to reality and contribute to make disasters even worse. A resilience approach 

that entails adaptability may constitute the road towards sustainable development, by working with 

the environment instead of against it, and restoring the lost feedbacks with the natural system that 

have been systematically ignored and the mismatches between scales.  In this context, the panarchy 

can be a simple yet effective manner to approach this new paradigm and work towards making it 

operative. 

 

To conclude, this thesis has contributed to increase the existing bibliography around the topic of 

panarchy. As far as I know, it constitutes the first practical panarchy approach to a SES in Spain, and 

hopefully will open the road for further application and research around it.  In a more general context, 

this thesis can help to increase the availability of background studies for comparison of panarchy 

assessments in different SES. Also, the novel method to graphically represent the adaptive cycle 

metaphor and the panarchy of a system might help to enhance its applicability and foster its 

appreciation and use in the context of problem-solving and conflict resolution.  
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Appendix A 

 

Some definitions of SES found in literature (extracted from Colding and Barthel, 2019): 

-  “a system that includes societal (human) and ecological (biophysical) subsystems in mutual 

interactions” (Harrington et al. 2010). 

- Systems of “people and nature” (Thomas et al., 2012).  

- A system that “includes the entities of common-pool resource, resource users, public 

infrastructure, infrastructure providers, institutional rules, external environment and the links 

between these entities” (Özerol, 2013). 

- A system in which “social and ecological systems are mutually dependent” (Fidel et al., 

2014). 

- “complex adaptive systems with key characteristics such as: (1) integrated biogeophysical 

and socio-cultural processes, (2) self-organization, (3) nonlinear and unpredictable 

dynamics, (4) feedback between social and ecological processes, (5) changing behaviour in 

space (spatial thresholds) and time (time thresholds), (6) legacy behavioural effects with 

outcomes at very different time scales, (7) emergent properties, and (8) the impossibility to 

extrapolate the information from one SES to another” (Delgado-Serrano et al., 2015). 

- “interdependent and linked systems of people and nature that are nested across scales” 

(Bouamrane et al., 2016). 

 

 

 

Appendix B 

 

Some definitions of resilience found in literature (extracted from Davidson et al., 2016):  

- “... the magnitude of disturbance that can be absorbed before the system changes its structure 

by changing the variables and processes that control behaviour” (Gunderson and Holling, 

2002). 

- “... the capacity of linked social-ecological systems to absorb recurrent disturbances such as 

hurricanes or floods so as to retain essential structures, processes, and feedbacks; ... the 

degree to which a complex adaptive system is capable of self -organization (versus lack of 

organization or organization forced by external factors); and the degree to which the system 

can build capacity for learning and adaptation” (Adger et al. , 2005). 

- “Resilience is the capacity of a system to absorb disturbance; to undergo change and still 

retain essentially the same function, structure and feedbacks ... wi thout crossing a threshold 

to a different system regime” (Walker et al., 2006, p.32). 

- “Resilience is the tendency of a SES subject to change to remain within a stability domain, 

continually changing and adapting yet remaining within critical thresholds. Adaptability is a 

part of resilience. Adaptability is the capacity of a SES to adjust its responses to changing 

external drivers and internal processes and thereby allow for development within the current 

stability domain, along the current trajectory. Transformability is the capacity to create new 

stability domains for development, a new stability landscape, and cross thresholds into a new 

development trajectory” (Folke et al., 2010, p.20). 

- “The capacity of social, economic, and environmental systems to cope with a hazardous event 

or trend or disturbance, responding or reorganizing in ways that maintain their essential 

function, identity, and structure, while also maintaining the capacity for adaptation, learning, 

and transformation” (IPCC, 2014, p.5). 

 

 





 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


