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Abstract
The evolution of social-ecological systems (SESs) in small-scale fisheries (SSFs) can significantly
affect the livelihood dynamics of coastal communities and pose challenges for management in
developing countries. Understanding what long-term changes in SESs mean for households and
communities is thus particularly important for policymakers to design and implement effective
management policies. The sustainability literature has provided empirical evidence of changes
in SESs and associated impacts on community livelihoods and system vulnerability. However,
empirical research has tended to emphasise the impacts of a particular disturbance at a single
time and consider communities as homogeneous groups, often providing snapshots of how
communities are affected by and respond to changes in SESs. Hence, there is a need to better
understand the dynamics of SESs and associated consequences that allow policymakers to
explore insights into different groups within a community to facilitate adaptation and
management in continually changing contexts.
Using the Tam Giang Lagoon (TGL), a highly complex and dynamic SSF in the central coast in
Vietnam, as a case study, this thesis examines the evolution of the lagoon SSF and consequences
of change for livelihood dynamics and resource exploitation practices. This research specifically
addresses three research questions: (1) how has the SSF of the TGL evolved in responding to
changing socioeconomic, environmental, and climatic conditions?; (2) how did the changes in
the system shape the livelihood dynamics of different fishery-dependent groups?; and (3) what
are the key factors and processes that management efforts should focus on to address resourceuse problems and improve the social-ecological sustainability of this SSF? In order to unpack the
complexity of social-ecological dynamics and consequences of change, this study employed a
mixed-methods approach (i.e. archival research, semi-structured interviews, focus group
discussions, participant observation and community walks, and a participatory workshop) to
collect empirical data from the TGL. Data analysis was guided by an integrated conceptual
framework that drew on the complementary lenses of vulnerability, resilience, and systems
thinking. The results are presented in three parts.
First, the evolution of the TGL SSF was examined, drawing on the adaptive cycle heuristic. The
findings show that the present condition of the system has been shaped by a series of historical
events and governance attempts at reorganisation. Historical shocks and management
interventions triggered the transitions between phases in this evolution and opened
opportunities for new livelihood options but also caused undesirable consequences for
communities.

iii

The second part further investigates the livelihood dynamics associated with the transformation
from artisanal fishing to the dominance of aquaculture in the TGL. The results revealed three
distinct livelihood trajectories for fishing- and aquaculture-dependent households emerging as
a result of the effects of the transformation process and multiple stressors. In this constrained
yet shared resource space, the transformational adaptation through aquaculture has benefitted
the adopters and enhanced their livelihood resilience; however, it has had detrimental
consequences for the non-adopting fishers who find themselves locked into a state of
heightened vulnerability. The findings showed that small-scale fishing households have been
unable to take advantage of opportunities arising from the national macro-economic
modernisation to increase their wellbeing.
Villagers in the TGL will continue to rely heavily on fishery activities, despite their tangible
experiences with ecological and environmental degradation. The third part attempts to
disentangle the complex structure and feedback mechanisms between social and ecological
components and identify recurrent resource-use problems in the TGL. It demonstrated how the
dynamics of this SSF were governed by non-linear and cyclic feedback loops revolving around
aquaculture expansion and production, social conflict, water pollution, fish catch yield, and the
use of destructive fishing gear. Complex interactions between social and ecological components
were distilled to four system archetypes (i.e. Limits to growth, Success to the successful, Fixes
that fail, and Tragedy of the commons) representing recurrent resource-use problems. The
possibility of avoiding the dominance of undesirable archetypes in this highly contested system
remains limited for both the lagoon resource users and managers because of local and broader
socioeconomic and environmental constraints.
This thesis facilitates an improved understanding of SSF dynamics and associated consequences
for community livelihoods and resource-use practices through time. It responds to growing calls
for longitudinal approaches to vulnerability and impacts of multiple stressors in SESs. The
findings demonstrate that the dynamics of vulnerability context changed significantly in
response to changes in social-ecological systems over a range of temporal-spatial scales. The
study also shows that changes in SSFs cause disproportionate impacts on natural resourcedependent communities living in a shared place. Policymakers and managers need to take into
account the heterogeneity in livelihood trajectories, interests and perspectives of different
groups of resource users to provide adequate support and enforce fishery management and
regulations. This thesis also provides managers and policymakers with a decision-support tool
that draws upon a historical and systemic perspective to better understand and address “wicked
problems” in SSFs and other common-pool resources.
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1.Chapter 1. Introduction

1.1. Research background
Small-scale fisheries (SSFs) worldwide have long been acknowledged for their contributions to rural
livelihoods, food security, and poverty alleviation (Béné et al., 2010; Cinner, 2014; FAO, 2018a).
Some estimates suggest that SSFs contribute about half of the total global fishery production and
provide employment for millions of rural residents around the globe (FAO, 2018a; B. L. Jones et al.,
2018; Teh & Sumaila, 2013). These systems also constitute important nutrient sources for societies.
According to Dulvy and Allison (2009), SSFs are essential and accessible protein sources for over
400 million people in the poorest nations in South Asia and Africa. Likewise, in many Pacific areas,
they contribute to the majority of animal protein in the diet of rural populations (Bell et al., 2009).
However, SSFs are often managed as common-pool or open-access resources (Berkes et al., 2001;
M. D. Smith et al., 2010) which has advantages but also some significant limitations if poorly
managed. The absence of well-defined property rights in most SSFs has led to considerable
overexploitation in many places (FAO, 2018a; Newton et al., 2007; Pomeroy, 2012). Degraded
resources of the SSFs have, in turn, threatened both the livelihoods of fishery-dependent
communities and the sustainability of these valuable systems (Frawley et al., 2019; Nayak, 2014).
Among many pressures that coastal SSF communities face, development-related activities and
climate change are frequently mentioned as the most important drivers. In many parts of the world,
coastal SSF habitats are being overly squeezed by larger socioeconomic, environmental and
conservation purposes (Cohen et al., 2019) in which conversion from common fishing grounds and
adjacent agricultural lands to aquaculture ponds has been well recognized as an underlying driver
(N. H. Hoa, 2014; Richards & Friess, 2016). In the context of climate change, SSFs in the Global South
are considered one of the most vulnerable systems because of high rates of poverty, dense
population and high dependence on natural resources (Cinner et al., 2018; FAO, 2018a). The
frequency and severity of climate change (e.g. typhoons, cyclones, tidal surges and floods,
droughts, temperature and rainfall variability, rising sea level and salinity intrusion) are likely to
increase in the next decades (IPCC, 2018, 2019). Fishery productivity is expected to be reduced
across geographical locations (Cheung et al., 2010; Sumaila et al., 2011) because the critical
infrastructure and natural habitats that support fisheries will be increasingly affected by climaterelated hazards (Nicholls & Cazenave, 2010; Woodruff et al., 2013).
Understanding changes in SSFs is of critical importance for the sustainable management of natural
resources and social development. Vulnerability assessments have become essential foundations
1

for policymakers and fishery managers for undertaking management interventions (Cochrane et al.,
2019; FAO, 2015b). Yet, to date, the large majority of studies on social vulnerability have tended to
focus predominantly on global issues (i.e. climate change or global environmental change) and
provided mostly snapshots of livelihood conditions and vulnerability at a specific point in time, with
less attention being paid to deep-rooted causes and historical legacies and dependencies
associated with resource exploitation (N. Bennett et al., 2016; Ford et al., 2018). However, socialecological systems (SESs) such as SSFs are highly dynamic and not only vulnerable to global
environmental change but also to a broad range of socioeconomic, political and environmental
changes at local and regional levels. Furthermore, vulnerability contexts are not static; they change
over time due to interactions between drivers and system components and feedback between
social and ecological domains (N. Bennett et al., 2016). These realities require longitudinal analyses
of the dynamics of vulnerability that examine change processes, propose possible adaptation
options, and determine bottlenecks ex–ante (N. Bennett et al., 2016; Ford et al., 2018; Naylor et
al., 2020; Sallu et al., 2010; Tschakert et al., 2013).
It has been well documented that changes in SESs cause differential impacts to societies because
individuals, groups and households have different capacities to adapt (Cohen et al., 2016; Fabinyi
et al., 2014; Hoque et al., 2018; Orchard et al., 2016; Osbahr et al., 2010; Whitney et al., 2017). It is
often assumed that the wealthy members of society are better able to adapt to changes than the
poor (Allison et al., 2009; Brooks et al., 2005). For instance, Hoque et al. (2018) found that in coastal
Bangladesh, the adaptive capacity of households significantly depended on their poverty level;
wealthier households had more resources to navigate social-ecological changes in desirable ways
whereas extremely poor households were constrained by several social and ecological barriers and
other limitations. Similarly, in a study in coastal Vietnam, Orchard et al. (2016) showed that affluent
households were able to benefit from a wide range of mangrove resources and occupied space for
developing aquaculture while marginalised households were suffering from degraded resources
and limited access to the commons. However, there are also instances in which wealthier
households experience greater livelihood vulnerability, especially when they specialise in only a few
livelihood activities (Orchard et al., 2016; Pomeroy et al., 2006). For policymakers and managers to
provide suitable support and interventions, these differential outcomes of livelihoods indicate the
importance of understanding the long-term evolution of SESs and the associated consequences for
the livelihood dynamics of resource-dependent communities over time (Carpenter et al., 2009;
Tanner et al., 2015; Whitney et al., 2017). Differential outcomes are even more prevalent in
common-pool resources as adaptive responses by one group may constrain the adaptation space
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and options of others or even undercut the outcomes of others (Hoque et al., 2018; Osbahr et al.,
2010).
Management of any SESs, including SSFs, can be a challenging task due to complex interactions
between their social and ecological components. Conventional approaches addressing resourceuse problems in SESs are often based on linear, reductionist ways and tend to focus on a few preframed problems or parts of complex systems (Kotir, 2017; J. Liu et al., 2015). The limitations of
conventional approaches are attributed to two main issues. First, they underestimate the dynamics
and complexities inherent in most SESs; therefore, they provide quick fixes to resource-use
problems and sustainability issues but cause undesirable consequences (Sterman, 2012)1. Second,
as conventional approaches often focus on a few pre-framed issues or factors that are thought to
govern system dynamics, they do not adequately account for many other essential elements of the
systems, including non-linear relationships and feedback processes that may cause emergent
properties and unanticipated system dynamics. These neglected characteristics often play very
important roles in driving system behaviour in complex SESs (Levin et al., 2013; Schlüter et al., 2012;
Sivapalan, 2015). Moreover, the resource-use problems in most SESs are a result of interactions
and interdependencies between their social and ecological systems and, therefore, cannot be fully
understood if examined separately (Janssen & Ostrom, 2006). To overcome the limitations inherent
in conventional management approaches and identify leverage points for management, it is
necessary to draw on systemic approaches to provide an adequate framework for properly
understanding the structure and behaviour of SESs (Kotir, 2017).
This research adopts an integrated approach, drawing on multiple concepts and lenses to provide
a nuanced understanding of the long-term evolution of SESs, and associated consequences for
natural resource-dependent livelihoods and management. Specifically, it employs the adaptive
cycle metaphor (Holling, 1986) to investigate system evolution, the multi-dimensional vulnerability
framework (Fraser et al., 2011) to examine livelihood dynamics, and the systems-based approach
(Senge, 2006; Sterman, 2000b) to understand recurrent resource-use problems in a coastal SES.
The Tam Giang Lagoon in central Vietnam offers a special case for this research because the system
has experienced significant biophysical and socioeconomic changes in the past 50 years with nontrivial consequences for lagoon-dependent livelihoods.
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Generally, sustainability is defined as “…development that meets the needs and aspirations of the present
without compromising the ability to meet those of the future…” (WCED, 1987). Specifically, social-ecological
sustainability means to meet human needs while sustaining ecosystems and the benefits and resources they
provide societies (Leslie et al., 2015).
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1.2. Research aims and questions
This research uses the Tam Giang Lagoon (TGL) in Vietnam as a case study to (i) advance the
understanding of the longitudinal evolution of the system and its consequent impacts on the
livelihoods of fishery-dependent communities; and (ii) develop an integrated conceptual model
that can be used to assist decision-making processes towards the sustainable management of
fishery common-pool resources (CPRs). To achieve these overarching aims, this PhD thesis sets out
to address the following research questions:
1. How has the small-scale fishery system of the Tam Giang Lagoon evolved in responding
to changing socioeconomic, environmental and climatic conditions over the last three
decades?
2. How did the changes in the system shape the livelihood dynamics of different fisherydependent groups?
3. What are the key factors and processes that management efforts should focus on to
address resource-use problems and improve the social-ecological resilience of the smallscale fishery system?
1.3. Conceptual foundations
This research ultimately investigates the system evolution, consequent impacts on livelihoods, and
sustainability of a fishery SES in changing socioeconomic, environmental and climatic contexts in
coastal Vietnam. To do so, the research employs a social-ecological system approach that is
informed by the literature on systems-based concepts (systems thinking), vulnerability, resilience,
rural livelihoods, and human wellbeing. Although these concepts are often relied upon to underpin
SES studies, it remains challenging to bring them together in practice since they focus on different
system features and span different scales. Hence, in the following sub-sections, I provide an
introduction of SESs and a review of early advances and key critiques of these main concepts that
were used to guide this research. This section ends with a conceptual framework showing how
these main concepts relate to and complement one another to enable an examination of the
complexities and dynamics of SESs.
There are other alternative concepts and bodies of literature scholars have recently used to
examine changes of the coastal social-ecological system and governance responses specifically in
the TGL. For example, Chi et al. (2018a) drew on the commons literature to investigate overfishing
and the evolution of territorial user rights in fisheries. Andrachuk (2017) employed the governance
transformation concept to describe the pathways of fishery and environmental governance
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changes, in order to assess opportunities for the local government to encourage more sustainable
management and balance demands for livelihoods and environmental protection. Ho et al. (2016),
Nhung (2016) and Huong (2010) used the co-management mechanism to address resource
degradation and social conflict associated with an open access regime. These three concepts have
been useful for examining contemporary resource-use problems, social conflict over spatial use and
management opportunities in the TGL; however, they have paid less attention to the dynamics of
vulnerability contexts and fishery livelihood systems at the community level. In addition, as
previous studies have heavily relied upon the above-mentioned bodies of literature, I attempted to
employ an integrated approach to look at different angles of social-ecological changes and their
implications for livelihoods in the TGL. The integrated approach used in this thesis allowed an indepth analysis of the evolution of small-scale fisheries in the context of a changing environment
and governance system. In doing so, it has aimed to provide an avenue, for the first time, to
investigate and illustrate divergent livelihood trajectories over the past three decades associated
with fishery social-ecological changes through the use of a multi-dimensional vulnerability
framework. To my knowledge, this is the first study to adopt the livelihood trajectory approach to
examine the life stories of small-scale fishery communities in Vietnam and visualise possible
trajectories of livelihoods bearing in mind SES dynamics. Moreover, by involving a systems
perspective, this study sheds light on how and why recurrent resource-use problems occurred and
persisted in small-scale fisheries. The political ecology approach would have been a useful body of
literature for this study because it provides a framework to assess power relations and influences
over the access, control and management of natural resources (Bryant, 1998). This approach may
enable an analysis of inequality, conflict over access and control and political ramifications that
result from environmental changes (Bryant, 1992; Raik et al., 2008). However, investigations of the
roles of power dynamics and inequalities in shaping the process and outcomes of social-ecological
changes were beyond the scope of this thesis.
1.3.1. Social-ecological systems
The concept of integrated social and ecological systems emerged in the late 1990s and early 2000s
when multiple disciplines such as ecological sciences, political economics, and complexity sciences
converged (Schoon & van der Leeuw, 2015). SESs are intricately linked systems of human society
and nature, emphasising the relationships between social and ecological dimensions of systems:
“humans must be seen as a part of, not apart from, nature” (https://www.stockholmresilience.org).
Glaser et al. (2008) defined a social-ecological system as comprised of “a bio-geophysical unit with
its associated social actors and institutions, which are complex, adaptive and delimited by spatial or
functional boundaries surrounding particular ecosystems and their problem context” (p. 77). As SESs
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emphasise interconnectedness between social and ecological components, they are also referred
to as coupled human-environmental systems or coupled human-natural systems. Therefore,
assessing the vulnerability of a social-ecological system needs to take into account both the social
and ecological components and interactions between its social and ecological subsystems (Berrouet
et al., 2018; Lauerburg et al., 2020). While both SES and vulnerability approaches consider threats
(disturbances) that affect the social and ecological subsystems, and the consequent impacts on the
integrity of the coupled system, they have different focuses. The SES concept pays more attention
to structural characteristics within the system and how its components connect and interact in
response to change. In comparison, the vulnerability concept emphasises the importance of
contextual characteristics such as social, economic, cultural, historical and political conditions that
determine system adaptation and evolution following disturbances.
SESs do not exist and function at a single scale but at multiple scales of space, time and social
organisations in which the interactions across scales influence their trajectories (Resilience Alliance,
2020b). They evolve over time and likely follow adaptive cycles, which often begin with a growth
phase, followed by a conservation and a collapse, and finally a reorganisation phase with a possible
new start (Gunderson & Holling, 2002). The term “panarchy” (Gunderson & Holling, 2002) is used
to explain interactions of the entity with its environment that determine trajectories of a focal SES.
The panarchy concept represents the connection between multiple adaptive cycles in a nested
hierarchy through “revolt” and “remember” events. Revolt indicates how critical changes (often in
a collapse phase) in a smaller and faster adaptive cycle can cascade upwards to a vulnerable phase
in a larger and slower cycle. For example, a small fire in a forest can spread from a crown of one
tree, then to several, then to the entire forest. Remember refers to how accumulated potential in
a larger and slower cycle facilitates the reorganisation in the smaller and faster cycle. For example,
the existence of veteran trees after a forest fire provides seeds and nutrients for a regenerating
process.
SESs have been widely conceptualised as complex adaptive systems that have three attributes:
resilience, adaptability and transformability (Walker et al., 2004). These attributes determine the
dynamic paths of SESs through adapting, transforming and self-organising following a disturbance
(Preiser et al., 2018). A disturbance can be in the form of shocks (radical changes in underlying
drivers such as extreme weather events and disease outbreaks) that often result in severe impacts
and changes in SESs, and stresses (slow changes in system components such as water pollution and
resource degradation, and climatic variability) that result in gradual changes. Depending on the
magnitude of the disturbance and the resilience of the SES, a system can stabilise in its existing
state, maintain its functioning and structure, or shift to a new regime when crossing a critical
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threshold or tipping point (Horan et al., 2011; Walker et al., 2006; Walker & Meyers, 2004). Blythe
(2015) defines a threshold as “the point at which change in a control variable causes significant
changes in a response variable” (p. 157) and “the point at which this transition occurs, when there
is a change in the qualitative state of a system” (p. 158). Management of SESs requires an adequate
understanding of thresholds to maintain a focal system in a preferred state because regime shifts
can cause unexpected, long-lasting changes that eventually have undesirable consequences for
human societies.
The dynamics of SESs are influenced by various and cross-scale drivers simultaneously (Millennium
Ecosystem Assessment, 2005; S. D. P. Smith et al., 2015; Walker et al., 2012). According to the
Millennium Ecosystem Assessment (2005), drivers are factors that cause changes in one or more
components of an ecosystem. The literature often distinguishes drivers by their pathways as direct
and indirect drivers of change. Direct drivers cause unequivocal changes in ecosystem processes
and relate to biophysical factors. Habitat changes, invasive alien species, overexploitation, pollution
and climate change are considered the most important direct drivers of changes in most
ecosystems. Notably, the intensity of impacts of direct drivers in most ecosystems, including SESs
remains constant or is growing in the next decades (Millennium Ecosystem Assessment, 2005).
Whereas “indirect drivers operate more diffusely, often by altering one or more direct drivers”
(Millennium Ecosystem Assessment, 2005, p. 64). Indirect drivers mainly involve socioeconomic
factors such as demographics (population growth), economic, social, political, cultural and technical
changes. However, the distinction between direct and indirect drivers may not be easy in some
cases because one driver can cause both direct and indirect changes in ecosystems. For instance,
climate change is a direct driver as it influences the species composition of aquatic habitats, but
climate change also acts as an indirect driver when it causes changes in water pollution in an estuary
environment. In complex systems such as SESs, assessments and management of drivers of changes
are complex and difficult as their impacts operate at differential spatial and temporal scales
(Millennium Ecosystem Assessment, 2005). Walker et al. (2012) argue that separating drivers into
“fast” and “slow” categories is a useful way to understand the dynamics of SESs (further discussion
in Section 1.3.3 and Chapter 3).
SSFs operate as coupled social-ecological systems as people both depend on and influence
ecosystems. These systems are inherently complex, interdependent and co-evolutionary and hence
cannot be fully understood if the social or ecological aspects are assessed separately or assumed to
be unidirectional in their connection (Berkes, 2017). Therefore, studies examining the evolution
and complexity of SESs require integrated methodologies (Binder et al., 2013; Schoon & van der
Leeuw, 2015) that bridge several knowledge domains and disciplinary divides (Hoque, 2016;
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Orchard, 2016) and systems approaches (J. Liu et al., 2015; Mirchi et al., 2012). As the trajectories
of a focal SES are not only determined by the interactions of the entity with its environment but
also by the interactions between its components, the systems approach offers a useful lens for
understanding the evolution of SESs. This is because the systems approach, in contrast to the
traditional reductionist scientific method, tries to “understand situations by looking at the
properties of wholes rather than breaking them down into their constituent parts” (Halliday, 2011,
p. 1). Moreover, in linked human and natural systems, the systems approach takes into account the
complex interrelations and non-linear feedback mechanisms between social and ecological
subsystems that are important to understand and manage many persistent societal and ecological
problems facing the planet today (Binder et al., 2013; Halliday, 2011; Liu et al., 2007).
1.3.2. Systems-based approaches
Researchers have argued that linear-reductionist, command-control, and equilibrium-centred
approaches are not adequate to address wicked problems in natural resources and environmental
management (Berkes, 2010; J. Liu et al., 2015; Pahl-Wostl et al., 2012). There has been a paradigm
shift from these conventional approaches to a systems-based approach (systems thinking) that
captures the complexity, non-linear dynamics, and feedback to understand human-environmental
interactions in complex adaptive SESs (Levin et al., 2013; J. Liu et al., 2015; Sterman, 2012). This
way of thinking emphasises the importance of a holistic understanding of systems and the
interactions among system elements and between system elements and exogenous factors that
govern the overall system behaviour. A systems-based approach provides “a framework for seeing
interrelationships rather than things, for seeing patterns of change rather than static snapshots”
(Senge, 2006, p. 53), and therefore helps to “identify problematic trends and comprehend their
root causes in a holistic fashion” (Mirchi et al., 2012, p.2423).
From a systems-based perspective, interactions among elements play an important role in driving
the dynamics of a system as they influence both linear effects and non-linear feedback processes
that govern system behaviour (Levin et al., 2013; J. Liu et al., 2015). The interactions between
system elements or entities can result in negative or positive effects on the system (Senge, 1990).
Furthermore, a cause (change) can result in multiple effects, while many causes (changes) can also
lead to an identical effect in the system (Mebratu, 2001). Identifying and capturing the interactions
and feedback among components, and emergent properties and complexities, provide a better
understanding of potential consequences of system perturbations for the management of coupled
SESs (Mirchi et al., 2012; Simonovic, 2008).
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Along with the advancement of the systems-based approach, various modelling techniques and
tools have been developed for investigating holistic system behaviour and complex problems that
arise from interactions and feedback between human (i.e. social, economic, political) and natural
(i.e. biophysical, ecological) subsystems. Kelly et al. (2013), in their review, revealed that five
common modelling approaches (system dynamics modelling, Bayesian belief networks, agentbased models, coupled component models, and knowledge-based models) were widely used in SES
research. These modelling approaches are often used to support multiple goals, such as system
understanding, exploration, explanation, prediction, management support, communication,
learning, and theory building (Schlüter et al., 2019). Each modelling approach has its own strengths
and limitations, and models are always developed for a particular purpose. Selecting appropriate
modelling approaches is, therefore, important for addressing the research question in a systemic
and collaborative way (Schimel et al., 2015; Schlüter et al., 2019).
In complex SESs where multiple actors and socioeconomic and biophysical processes come into
play, system dynamics modelling is considered to be an appropriate approach for providing insights
into system structure and behaviour (Kelly et al., 2013; Simonovic, 2008). According to Simonovic
(2008, p. 162), system dynamics modelling treats social, natural and physical components of the
analysis equally and assists an assessment of “how structural changes in one part of the system
might affect the behaviour of the system as a whole”. This approach also offers “the predictive
functionality (determining the behaviour of a system under particular input conditions) and learning
functionality (the discovery of unexpected system behaviour under particular input conditions)” and
provides an interactive platform for the active involvement of stakeholders and the resolution of
conflicts (Simonovic, 2008, p. 162). System dynamics modelling was developed in the 1960s by
scientists at the Massachusetts Institute of Technology and emerged from the management and
engineering sciences (Forrester, 1961; Sterman, 2000b). In the past decades, the application of
system dynamics modelling has expanded to multi-disciplines, including studies in socioeconomic,
physical, biological and ecological systems (Elsawah et al., 2017; Kotir et al., 2017b).
In the last decade, the system dynamics approach has been widely used for addressing resourceuse problems in various SESs. For example, Tenza et al. (2017) used system dynamics modelling to
investigate the dynamics, drivers and effects of changes on vulnerability and resilience contexts of
an oasis in Mexico. The study found that the tendency of the system towards collapse was triggered
by external factors (i.e. growth of modern agriculture in a larger scale, social-political changes), and
changes were maintained by the endogenous structure of the system. Walters et al. (2016)
conducted quantitative simulations to assess system sustainability with different farming models in
an agricultural production system in the United States. This study revealed that the system would
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be sustained with the crops-only model, whereas the livestock-only or integrated crop-livestock
models would cause environmental degradation. Kotir et al. (2017b) developed a conceptual model
to examine underlying drivers, interactions and feedback loops influencing the sustainability of the
Volta River basin in Ghana. The study showed a highly interconnected structure between its social
and ecological components and found that reinforcing feedbacks accelerating changes in the
system was the dominant factor. Many other examples cover land-use change and transformation
(Mai & To, 2015; Turner et al., 2017), water resource management (H. Liu et al., 2015; Mai et al.,
2019; Pluchinotta et al., 2018; Sanga & Mungatana, 2016) and livestock and pastoral systems
(Parsons & Nicholson, 2017).
As the systems-based approach and system dynamics modelling have advanced, their application
has also expanded and led to an improved understanding of the dynamics of SESs. However, several
points deserve further investigation. First, much research has concentrated on agricultural and
pastoral systems, while the number of studies in fisheries, especially in small-scale fisheries, has
remained limited. Second, most applications of system dynamics modelling have underutilised the
use of qualitative (conceptual) modelling tools, although conceptual models are essential as they
provide an initial and fundamental understanding of feedbacks and leverage points for
management (Kotir et al., 2017b; Mirchi et al., 2012). Third, many studies have not encouraged
adequate involvement of local stakeholders in the modelling processes, especially primary
stakeholders (resource users) who often have rich social and ecological knowledge of SESs. In the
context of resource and environmental management, integrating diverse local knowledge,
perspectives and interests into modelling is essential to increase the applicability of policy
recommendations derived from model outputs and to promote social learning (Elsawah et al., 2017;
Voinov et al., 2016).
1.3.3. Vulnerability
In the social sciences, the concept of vulnerability has been developed primarily to address
livelihoods and development, the human dimensions of global environmental and climatic change,
and environmental risk and hazards (N. Bennett et al., 2016; Turner, 2010). The term “vulnerability”
has gained widespread popularity since the pioneering work in the 1990s (e.g. Adger, 1999a; Bohle
et al., 1994; Downing, 1991) and many landmark publications from the early to mid-2000s (e.g.
Adger, 2006; Füssel, 2007; Gallopín, 2006; O’Brien et al., 2004; Turner et al., 2003) to become one
of the central foci of global research, development programs, and dialogues (Ford et al., 2018).
Vulnerability is also a key concept in the sustainable livelihoods framework (DFID, 1999). Different
definitions and assessment frameworks of vulnerability have been used in the literature; however,
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most have mainly encompassed three core concepts: exposure – the degree to which a system is
exposed to disturbance, sensitivity – the degree to which a system is affected by disturbance, and
adaptive capacity – the ability of a system to adjust to disturbance to moderate adverse impacts
and to cope with the consequences (Gallopín, 2006; Smit & Wandel, 2006).
The evolution of vulnerability literature can be linked to a definition proposed by the authoritative
Intergovernmental Panel on Climate Change (IPCC) that regularly summarises and synthesises the
state-of-the-art knowledge on climate change, particularly Working Group II (Impacts, Adaptation,
and Vulnerability). An early IPCC report defined vulnerability as “the degree to which a system is
susceptible to, and unable to cope with, adverse effects of climate change, including climate
variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climate
change and variation to which a system is exposed, its sensitivity, and its adaptive capacity” (IPCC,
2007). This definition has been criticised for its narrow interpretation of vulnerability as exclusively
dependent on a hazard when, in fact, vulnerability exists in every society, independent of a climatic
stressor. Hence, in the most recent comprehensive report (IPCC AR5, 2014), vulnerability was
viewed as susceptibility to multiple stressors via climatic, socioeconomic, and environmental
changes that interact and reinforce each other across space and time. Accordingly, vulnerability is
now defined as “the propensity or predisposition to be adversely affected” and as encompassing “a
variety of concepts and elements including sensitivity or susceptibility to harm and lack of capacity
to cope and adapt” (Oppenheimer et al., 2014, p.1048).
Vulnerability assessment methodologies often involve participatory, simulation-based and
indicator-based approaches (Hinkel, 2011). The last two approaches attempt to quantify
vulnerability via indices, rankings, and maps (Thang et al., 2016; Tucker et al., 2015). These
indicator-based assessments are often appropriate and used for identifying vulnerable groups and
communities within areas and/or regions and comparing vulnerability levels across geographical
units. For example, Mukherjee and Siddique (2019), in their study assessing vulnerability to climate
variability and extreme events in India, calculated the livelihood index to compare vulnerability
levels between seven communities. Dintwa et al. (2019) used a social vulnerability index to identify
people and places vulnerable to natural hazards in Botswana. Monirul et al. (2017) applied both a
livelihood vulnerability index and a climate vulnerability index to examine the livelihood
vulnerability of resource-poor households and identify the underlying drivers of vulnerability in
rural communities in Bangladesh.
Early vulnerability studies have significantly improved our understanding of unevenly distributed
vulnerability across societies and the dynamics of vulnerability. First, it is commonly reported that
11

poor and natural resource-dependent communities tend to be the most vulnerable to global
environmental and climate changes because they lack the resources and capacity to adapt and that
marginalised groups will face the greatest impacts caused by social-ecological changes (Hoque et
al., 2018; Orchard et al., 2016; Otto et al., 2017). However, wealthier groups may be more
vulnerable because of their limited livelihood diversity. Second, the vulnerability state of certain
individuals, groups or communities may not be static but change over time along with changes in
social, environmental and climatic conditions (Cutter & Finch, 2008; Fawcett et al., 2017). For
example, social vulnerability in many cases can change in different periods (i.e. before, during, and
post-event) of a crisis or disaster (Oppenheimer et al., 2014). Hoque et al. (2018) showed that
different wealth classes in fishery communities faced new constraints, barriers and opportunities
after the construction of polders for aquaculture and impacts of tropical surges in coastal
Bangladesh.
Nearly a decade ago, when vulnerability studies were rapidly increasing, researchers raised several
criticisms regarding early assessments. For instance, Tschakert et al. (2013, p. 343), in their review
of the evolution of climate change vulnerability assessments over two decades, revealed two critical
“blind spots” - “an overemphasis on inherent vulnerability that obscures underlying inequality”, and
inadequate attention to the dynamics of vulnerability. The authors argued that lack of attention to
structural and relational drivers was the main cause of the first blind spot, while over-use of
vulnerability maps and indices that failed to capture the dynamic nature of vulnerability was the
cause of the second. A literature review of social vulnerability in three climate-change hotspots
(deltas, semi-arid regions, and glacier-fed river basins) by Tucker et al. (2015) pointed to the need
for a better understanding of interactions between climate change and natural systems,
socioeconomic processes, the underlying drivers of vulnerability and their dynamics. These
concerns pinpoint the importance of cross-scale and cross-domain interactions in vulnerability
assessments.
A rapidly growing literature on vulnerability research has significantly advanced theory
development and assessment methods; however, three shortcomings remain. First, Ford et al.
(2018), in their review of the climate-change vulnerability literature published since 1990, revealed
that much of the research community had not caught up with the reframing of “vulnerability” in
the IPCC AR5 (2014) and continued to employ the old framing (IPCC AR4, 2007). The authors
highlighted “the privileging of climatic factors over the social context, where it is argued that
vulnerability research focuses primarily on estimating vulnerability directly attributable to climate
change” (Ford et al., 2018, p. 192). Yet, climate change and climate-related risks are important
factors in vulnerability concepts; vulnerability intersects with many non-climatic stressors such as
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natural resource degradation, environmental pollution, poverty, unemployment, health problems,
and governance and institutional changes (Füssel, 2007; McDowell & Hess, 2012; L. Olsson et al.,
2014; Räsänen et al., 2016; Tschakert, 2007). These factors interact with and reinforce each other
and often lead to growing inequalities and increasing vulnerabilities of communities and societies
(Leichenko & O’Brien, 2008; L. Olsson et al., 2014). Overlooking social drivers in vulnerability
studies may lead to misrepresenting the complex dynamics of SESs (Eakin et al., 2014; O'Brien et
al., 2007) and undermine the efficiency of adaptation strategies (N. Bennett et al., 2016).
Second, some researchers (N. Bennett et al., 2016; Ford et al., 2018; Jurgilevich et al., 2017) argue
that a significant proportion of the literature, especially studies that employ mapping, indexing and
ranking (Hinkel, 2011; Preston et al., 2011) to assess the vulnerability of a geographical unit, often
provides static snapshots that do not adequately account for the dynamic, continually evolving
nature of vulnerability of SESs. As systems are constantly changing, so do vulnerability outcomes
(Ford et al., 2018). Studies focusing on the current vulnerability state or vulnerability at a single
time neglect changes through time, and therefore lack the capacity to address the root causes of
vulnerability. Ford et al. (2018), N. Bennett et al. (2016) and Fawcett et al. (2017) emphasise the
necessity of longitudinal studies and analyses to better understand the underlying drivers and how
vulnerability is produced and has evolved. Many researchers suggest that long-term
socioeconomic, ecological trends and adaptation dynamics of households and communities should
be examined and included in studies of vulnerability to address its root causes (e.g. Fawcett et al.,
2017; Ford et al., 2018; Naylor et al., 2020; Ribot, 2013). Others suggest that vulnerability
researchers should be more careful when offering policy recommendations where the complex
dynamics of vulnerability have not been addressed in their studies (Dilling et al., 2015).
Third, vulnerability research has also been criticised for neglecting cross-scale dynamics and
interactions between multiple socioeconomic and biophysical changes (N. Bennett et al., 2016; Ford
et al., 2018). Although the role of cross-scale dynamics and interactions has been long
acknowledged, it is the least considered factor in reviewed vulnerability studies (Ford et al., 2018).
No single system (e.g. community, agricultural farm, fishery system, etc.) exists in isolation but
intersects and interacts with many others at both smaller and larger scales, and cross-scale
interactions potentially produce cascading effects, driving the system to a new state or regime
(Rocha et al., 2018).
The vulnerability research community has proposed alternative frameworks to tackle the gaps in
the literature. For instance, Fraser et al. (2011) proposed a multi-dimensional vulnerability
framework that examines the dynamic vulnerability of SESs concerning three components: the
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capacity of agroecosystems to continue providing livelihoods in changing contexts, the capacity of
individuals/groups to adapt to change, and the capacity of institutions to provide relief and
responses to change. Tschakert et al. (2013) proposed an Inequality and Transformation Analyses
framework that suggested a shift from conventional vulnerability assessments to analyses of
inequality and transformation in order to examine when, where and how specific individuals,
groups and institutions may transit from a vulnerability level to a transformative state. More
recently, N. Bennett et al. (2016) introduced a conceptual framework for examining local
community vulnerability of SESs in the context of multiple exposures that result from interactions
among underlying drivers, contextualised and differential sensitivities, direct and indirect impacts,
and responses of a system. Among these approaches, the framework by Fraser et al. (2011) (Figure
1.1) is suitable for visualising complex temporal trajectories of vulnerability and compare
differences between study cases (individuals, groups/subgroups) in SESs (Volpato & King, 2019).
This framework is particularly appropriate for exploring factors influencing livelihood trajectories
of different groups in communities in changing contexts (Sallu et al., 2010; Volpato & King, 2019).
The multi-dimensional vulnerability framework is further explained below.
The multi-dimensional vulnerability framework
Although the multi-dimensional framework (Fraser et al., 2011) was originally proposed for
assessing the vulnerability to climate change in dryland SESs, its subsequent application extends to
several other systems, such as estuarial (Lin & Morefield, 2011) and pastoral (Volpato & King, 2019).
This framework can help answer several questions related to the temporal and spatial dynamics of
vulnerability contexts of groups, communities or systems, allowing a comparison of differential
vulnerability using a three-dimensional cube representing the capacity of ecosystems, individuals
and households, and institutions. By using this framework, three core research questions widely
used to assess vulnerability can be addressed: (1) Does the agroecosystem have the resilience to
remain productive in a changing vulnerability context?; (2) Do people have access to livelihood
strategies that allow them to survive changes to the vulnerability context?; and (3) Do the
institutions have the ability, capacity, and willingness to respond to a changing vulnerability context,
especially in crisis situations? (Sallu et al., 2010).
The key advantage of the framework is that it goes beyond a reductionist snapshot of many
contemporary vulnerability assessments, and instead provides a more nuanced representation that
depicts heterogeneous vulnerabilities between otherwise largely homogeneous groups in SESs
(Costa et al., 2011; Dougill et al., 2010; Lin & Morefield, 2011; Volpato & King, 2019). For example,
Sallu et al. (2010) used this framework to examine the directions and dynamics of livelihood
vulnerability over three decades in a social-ecological dryland context in Botswana. The authors
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were able to explore how multiple interactions between diverse socioeconomic, political and
environmental factors shaped the local vulnerability contexts and associated livelihoods over time.
Volpato and King (2019) used the framework to examine community livelihood dynamics following
the start of a novel livelihood adaptation strategy – camel adoption – in a pastoral system in Kenya
over a period of 30 years. The study revealed that, in a rapidly changing environment, the
vulnerability context was highly dynamic and that the livelihoods of the adopters and non-adopters
followed different paths.

Figure 1.1. Multi-dimensional vulnerability framework (Adapted from Fraser et al. (2011)).

1.3.4. Resilience
In order to investigate the dynamics of complex SESs and how SESs respond and adapt to
disturbances, scholars (e.g. Cinner & Barnes, 2019; Cradock-Henry, 2021; Hoque et al., 2018;
Orchard et al., 2016) have been using the resilience concept. The concept of SES resilience was
originally developed in the ecological sciences in the 1970s (Armitage et al., 2012; Folke, 2006). The
seminal work of Holling (1973, p. 14) that defined ecological resilience as “a measure of the
persistence of systems and of their ability to absorb change and disturbance and still maintain the
same relationships between populations or state variables” became hugely influential in resilience
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studies. Early resilience scholarship often focused on ecological resilience to understand the effects
of a specific disturbance on a system’s persistence and adaptability (Sinclair et al., 2017). Recent
decades have seen a shift from ecological to SES resilience research with a focus on understanding
SESs as complex adaptive systems that emphasise the importance of non-linear dynamics,
feedbacks, self-organisation, tipping points and the multiple stable states of systems (Hahn &
Nykvist, 2017; Sinclair et al., 2017). The resilience concept has significantly evolved and become an
important theoretical foundation used in multiple disciplines and studies, particularly in relation to
SES dynamics, natural hazards, and climate and global environmental change (Folke, 2006; Folke et
al., 2016; IPCC, 2014; Nelson et al., 2007; Resilience Alliance, 2007; Walker & Salt, 2006b).
The resilience concept accepts that SESs are constantly changing and co-adapting (Brattland et al.,
2019; Folke, 2006) and that resilience of a system indicates the degree to which the system is
capable of self-organisation, learning and adaptation (Cumming & Peterson, 2017). Therefore
resilience of an SES is defined as “the capacity of a system to absorb disturbance and reorganise
while undergoing change so as to still retain essentially the same function, structure, identity, and
feedbacks” (Walker et al., 2004), and “the capacity to change in order to sustain identity” (Folke,
2016). The first part emphasises the resistance and maintenance or buffering capacity of the system
to temporary shocks and disturbances, whereas the second highlights the importance of the
capacity to learn, grow and self-organise in responding to shocks and disturbances in an SES. Most
SESs are complex adaptive systems and thus have a certain capacity to adapt and self-reorganise
under the impacts of shocks and disturbances (Preiser et al., 2018; Walker & Salt, 2006b). Evolving
to a more or less resilient trajectory depends on the system’s adaptability and transformability
(Walker et al., 2004). Adaptability indicates the capacity of actors in the system to learn and adjust
system structure and functions within a range of variability, whereas transformability refers to the
capacity to evolve into a fundamentally new state/regime when ecological, economic, or social
structures make the existing system become untenable or undesirable (Walker et al., 2004). Such
dynamics of SESs can be well conceptualised and explained using proposed adaptive cycles (Holling,
1986; Sinclair et al., 2017; Sundstrom & Allen, 2019). (Further details of the adaptive cycle are
provided at the end of this section).
In SESs, resilience is influenced by the interactions between faster (e.g. pests, aquatic diseases, crop
production, clean water) and slower (e.g. climate change, nutrient accumulation, resource
exploitation behaviour) changing variables, and is driven by feedback loops between social and
ecological components (Folke, 2006; Walker et al., 2012). In reality, a number of drivers influence
system resilience, for example, socioeconomic, political, governance, climate and environmental
change. However, only a handful that operates across scales and domains play important roles in
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changing the stability of a system (Walker et al., 2006). In order to enhance system resilience, the
literature recommends that studies examining SES dynamics ought to identify and manage relevant
drivers as well as identify the shocks and processes that destabilise these drivers.
Resilience has become a useful analytical concept for understanding and explaining how coupled
SESs respond to, resist or undergo changes from a holistic perspective (Biesbroek et al., 2017;
Sinclair et al., 2017). Despite the growth of SES resilience research, social scientists have raised
concerns about its limitations (Mikulewicz, 2019). The first and most common criticism is that the
ecological dimension of resilience has received more attention and is better theorised than the
social dimension (e.g. Armitage et al., 2012; Sinclair et al., 2017). This may be attributed to the
ecological origin of the resilience principles. Because SES characteristics and properties differ from
those of ecological systems, focusing on ecological over social resilience may fail to capture
essential aspects in behaviour, processes and structures of entire SESs.
Second, the resilience concept is criticised for its lack of adequate consideration of the
heterogeneity of stakeholder perspectives and the extent of human agency in SESs (Sinclair et al.,
2017). The resilience literature has tended to adopt system-level perspectives which “aggregate or
homogenize social complexity and thereby assume that people’s interests, expectations, and
experiences are the same” (Fabinyi et al., 2014, p. 2). Such a system-oriented approach is criticised
because it simplifies diversity, one of the most important properties of SESs, and underrepresents
the social subsystem, and therefore inadequately conceptualises the complex structure of SESs
(Stojanovic et al., 2016). This is valid because individuals, groups and communities within a system
have heterogeneous values, interests, knowledge and strategies in navigating social-ecological
changes (Hoque et al., 2017). Simplifying the structure of SESs may miss some fundamental
variables/factors and feedbacks that define the resilience of a system, and fail to note that certain
regimes may be resilient for some stakeholders, but not others (Walker & Salt, 2006b), or that a
regime might be resistant but not desirable for society.
The third critique is that much of resilience literature offers a limited examination of the importance
of power relationships and unequal access to resources in institutional processes and the potential
negative outcomes of change for marginalised groups (Mikulewicz, 2019; Sinclair et al., 2017). As
people have different capacities to learn from the past and imagine the future, they navigate and
respond to change differently (Cote & Nightingale, 2012; Davidson, 2010). Arguably, “resilience can
be relational, where increasing it for some comes at the expense of decreasing it for others… As a
result, the oversight of differential access to power and resources, and the resulting inequality,
leaves resilience thinking unable to explain the emergence of “winners and losers” of the adaptive
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processes promoted by development initiatives across the Global South” (Mikulewicz, 2019, p. 269).
Finally, as Biesbroek et al. (2017), in their review of over 100 recent papers on the governance of
SESs and resilience, revealed, much of the literature does not explicitly capture the underlying
cause-effect relationships in governance processes of SESs. The authors argue that the absence of
a causal (conceptual) model might limit the explanatory ambitions of resilience studies.
The adaptive cycle
The resilience literature emphasises that SESs are complex adaptive systems, meaning they
dynamically evolve and exist in multiple steady states or regimes (Folke, 2006; Levin et al., 2013;
Preiser et al., 2018). The dynamics of SESs have been described as adhering to phases of the
adaptive cycle shaped by discontinuous events and processes (Folke, 2006). The adaptive cycle
(Figure 1.2) describes system dynamics in four sequencing phases: exploitation (exponential
growth, r), conservation (K), collapse (release, Ω), and reorganisation (renewal, ɑ).

Figure 1.2. The adaptive cycle describes four phases of development (Resilience Alliance, 2020).
A system moves slowly from the growth (r) to the conservation (K) phase in the forward loop of the
cycle, where the dynamics of the system are reasonably predictable (Walker et al., 2004). In the K
phase, the system becomes more vulnerable, less resilient and responsive to external disturbances
(Walker et al., 2004). The system can then rapidly progress to the collapse phase (Ω) and eventually
to the reorganisation phase (ɑ). In contrast to the change from r to K, the shift from Ω to ɑ occurs
in the back loop and is unpredictable (Walker et al., 2004).
According to Holling’s theory, an SES is generally more resilient in the growth and reorganisation
phases but less resilient in the conservation and collapse phases; this is due to its reduced capacity
to absorb and resist external shocks to maintain its structures and identity (Hobbs & Allison, 2004).
18

In a dynamic SES, minor disturbances may trigger transitions between adaptive phases when they
occur in the low-resilience phases. The system can return to the previous r phase to begin a new
cycle, or possibly shift to different states or regimes (Rasmussen & Reenberg, 2012) when the
system loses its original structure, functions and identities (Biggs et al., 2018; Crépin et al., 2012).
Regime shifts are often large and persistent and lead to unexpected changes in coupled SESs,
inducing major impacts on ecosystem services with considerable consequences for human
wellbeing (Biggs et al., 2018; Rocha et al., 2015; Rocha et al., 2018; Scheffer et al., 2009). From a
social-ecological perspective, the use of the adaptive cycle heuristic is therefore helpful in
understanding the dynamics of system changes and how these changes interact with system
resilience to drive an SES towards a more or less vulnerable condition for an imminent regime shift.
As changes in SESs result in differential impacts on local communities, some people gain while
others lose because a certain state or regime of SESs might be desirable for some groups of people,
but not others (Walker et al., 2006). Hence, it is necessary to investigate which group gains and
which loses. The following sections introduce the sustainable livelihood approach and wellbeing
concept that offer lenses to examine heterogeneities in livelihood outcomes and trajectories of
different groups in response to social-ecological dynamics.
1.3.5. Livelihoods
Chambers and Conway (1992) define a livelihood as something that “comprises the capabilities,
assets (including both material and social resources) and activities required for a means of living. A
livelihood is sustainable when it can cope with and recover from stress and shocks, maintain or
enhance its capabilities and assets, and provide sustainable livelihood opportunities for the next
generation; and which contributes net benefits to other livelihoods at the local and global levels
and in the short and long term” (p. 6). Livelihoods can be analysed at various scales such as
individual, household, community and regional levels. The sustainable livelihood approach has
been widely adopted by development scholars after the Department for International Development
(DFID) proposed the sustainable livelihood framework (SLF) (DFID, 1999). The core components of
a sustainable livelihood framework include the key livelihood assets, policies, institutions and
processes controlling access to and use of assets and the vulnerability contexts. Households draw
upon assets (material and non-material resources) such as human, financial, physical, natural and
social capitals to make a living. Vulnerability context (changes in the socioeconomic and biophysical
environment in terms of shocks, trends and seasonality) and institutional structures and processes
(laws, policies, local cultural norms and governance systems) shape livelihood activities (Scoones,
1998).
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The sustainable livelihood approach and SLF indicate a shift from top-down interventions to a
people-centred focus to identify the problems, needs and priorities that households and
communities need (Scoones, 1998). These approaches have become the core themes in the policies
of various development organisations such as DFID, CARE and OXFAM, and their application has
significantly expanded from poverty reduction research (e.g. Chambers, 1995; Moser, 1998) to
other disciplines such as climate change vulnerability and adaptation studies (e.g. Sallu et al., 2010),
rural livelihood diversification and risk reduction (Gautam & Andersen, 2016), and natural resource
management (e.g.Masud et al., 2016; William, 2003). However, SLF has been criticised for its
neglect of the temporal dynamics of social and ecological interactions. Scoones (2009) highlights
that SLF over-emphasises the current contextual environment but inadequately takes into account
the events and long-term changes in rural economies, agrarian systems and the global
environment. Limited understandings of the dynamics of rural livelihoods and the contextual
factors that shape the dynamics may reduce the ability to identify possible areas for policy support
and the effect of development interventions. This is because rural households often learn from past
exposure and response to shock experiences to adjust livelihood decisions and strategies. Given the
continuously changing environment in coastal fishery SESs (Millennium Ecosystem Assessment,
2005), this limitation of SFL needs to be addressed.
Recent literature on social-ecological resilience has suggested that the consequence of changes in
SESs are unevenly distributed, meaning some certain individuals, households, groups or
communities are more or less impacted than others in a given geographical area (e.g. Hoque et al.,
2018; McDowell & Hess, 2012; Orchard et al., 2016; Sallu et al., 2010). Using the livelihood
trajectory approach (De Haan & Zoomers, 2005) can help address the limitation of SLF because it
captures temporal and contextual factors associated with social-ecological changes that affect
livelihood strategies and options available to households and communities (Orchard et al., 2016;
Sallu et al., 2010). A livelihood trajectory is understood as “the consequences of the changing way
in which individuals construct a livelihood over time” (Bagchi et al., 1998, p. 457 ). Unlike SLF that
examines livelihoods as a snapshot, the livelihood trajectory approach describes the direction of
livelihoods of households embedded in a historical repertoire (De Haan & Zoomers, 2005; Sallu et
al., 2010). In the livelihood trajectory approach, life histories (“an individual's own story of the
changing livelihoods, constructed by herself albeit not under conditions of her own choosing”) are
important methods to elicit the nature of livelihood dynamics (Bagchi et al., 1998).
In this research, a livelihood trajectory approach is adopted to examine the life stories of fisherybased households along with the long-term changes in the social-ecological system. By doing so, it
is possible to explore the socioeconomic, environmental, political and governance factors, shocks
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and stresses that shape the livelihood decisions and the overall livelihood trajectories in response
to the social-ecological changes (Sallu et al., 2010). More importantly, linking livelihood trajectories
with the multi-dimensional vulnerability framework makes it possible to trace livelihood
vulnerability and to visualise the direction that a particular group follows and ultimately identifies
areas for future interventions.
1.3.6. Human wellbeing
Human wellbeing is one of the core themes in international environmental and sustainable
development policy domains (Loveridge et al., 2020). The concept of wellbeing offers a way to
understand the quality of life of individuals, groups or communities embedded in their local sociocultural contexts. Several definitions of wellbeing have been proposed alongside the evolution of
the human wellbeing concept. However, the definition by the Wellbeing in Developing Countries
Research Group (WeD) at the University of Bath, UK, is perhaps one of the most used definitions
(Britton & Coulthard, 2013; Loveridge et al., 2020). They define wellbeing as “a state of being with
others, which arises where human needs are met, where one can act meaningfully to pursue one’s
goals, and where one can enjoy a satisfactory quality of life” (WeD, 2008).
In development practice, human wellbeing outcomes are viewed as a social process and assessed
through three dimensions: material, objective and subjective (Britton & Coulthard, 2013; Loveridge
et al., 2020; White, 2010). Firstly, material wellbeing indicates the tangible and measurable
resources that people have. This includes material resources such as foods, assets, income,
employment, access to and possession of natural resources, shelter, health and environmental
quality. Secondly, objective wellbeing refers to the social relationships that affect the way people
behave and interact with each other to achieve their needs in their local socio-cultural context. The
objective dimension includes social relationships and interactions, relations to authorities and
governments, social networks, forms of collective actions, conflict and security situations, cultural,
political and institutional identities, power relationships and inequalities (Britton & Coulthard,
2013; Loveridge et al., 2020). Thirdly, subjective wellbeing emphasises the self-evaluation of
personal circumstances, reflecting how people are satisfied with the quality of life they achieve.
Although those three dimensions are often separated in wellbeing assessments, in fact, they are
closely interlinked; hence, empirical studies should consider each dimension in relation to others
(Britton & Coulthard, 2013; McGregor & Sumner, 2015).
The concept of human wellbeing has gained growing recognition in the last two decades in the
literature on social-ecological studies (e.g. Armitage et al., 2012; Biedenweg et al., 2016; Britton &
Coulthard, 2013; King et al., 2014), especially after a publication on the linkages between ecosystem
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services and wellbeing by the Millennium Ecosystem Assessment (2005) (MA) whose framework
has become a foundation that guides resource management, ecosystem recovery and conservation
organisations to incorporate wellbeing into their programs (Biedenweg et al., 2016; Britton &
Coulthard, 2013). This framework categorises human wellbeing into five domains and their
associated indicators: security (personal safety, secure resource access, security from disasters);
basic material for a good life (adequate livelihoods, sufficient nutritious food, shelter, access to
goods); health (strength, feeling well, access to clean water and air); good social relations (social
cohesion, mutual respect, ability to help others); and freedom of choice and action (opportunity to
be able to achieve what an individual values doing and being).
Recent studies have attempted to provide further categorisations of human wellbeing in the
context of marine and coastal SESs. For example, Biedenweg et al. (2016) proposed a holistic
framework that applies specifically to marine social-ecological contexts, dividing human wellbeing
into six categories: physical, psychological, cultural, social, economic, and governance. Busch et al.
(2011) used economic wellbeing and social wellbeing concepts to assess the impacts of wind farm
developments on the human wellbeing of fishing communities in Germany. In their study, indicators
such as income, employment, housing, infrastructure, safety, personal wellbeing, nutrition,
demography, health, education, leisure time, and social relations were used. Britton and Coulthard
(2013) adopted a three-dimensional wellbeing framework to examine how the wellbeing of fishing
communities in Northern Ireland changes with a decline in its fisheries. They used various indicators
such as education, targeted species, boats, gears, alternative income sources, involvements in
community associations (material wellbeing); local and government influences, markets, crews
(objective wellbeing); and health, job satisfaction, material security (subjective wellbeing).
Although these above frameworks used various indicators that were proposed to match local
specific contexts, they are often found in and overlap with other frameworks (e.g. MA framework).
Despite various frameworks of human wellbeing being in existence, the MA framework is
considered one of the most comprehensive frameworks for assessing human wellbeing in socialecological contexts (King et al., 2014). The MA framework enables the investigation of insights on
the relationships between changes in SESs (in terms of providing, regulating and supporting
ecosystem services) and wellbeing constituents. The literature on social-ecological studies has
increasingly highlighted that processes and outcomes of changes in SESs have resulted in
differential impacts to natural resource-dependent users (e.g. Hoque et al., 2018; Ingalls &
Stedman, 2016; M. Raymond, 1997).
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1.4. Conceptual framework for the thesis
The review of the literature above informs and guides this thesis. Five key concepts, namely
resilience, vulnerability, livelihoods, human wellbeing, and systems thinking, are integrated to
examine the evolution of the fishery social-ecological system and its consequences for communities
and management interventions in the Tam Giang Lagoon in Vietnam. Figure 1.3 provides a
framework showing the key concepts and the main themes, and their linkages through which the
research questions are addressed. The remainder of this section explains the key characteristics of
the conceptual foundations that enable this thesis to address the research questions and how the
conceptual foundations are integrated in this study.

Stressors and opportunities

Socio-ecological changes
and resilience of the Tam
Giang Lagoon
 Drivers of change
 Adaptive cycle

Policy interventions – Resource
exploitation – Natural hazards

Livelihood dynamics and
vulnerability of fisherydependent groups
 Multi-dimensional

System dynamics and
conceptual modelling

vulnerability
 Livelihood trajectories
 Household wellbeing

 System interactions
 Differential responses
 Changing system

behaviour

Sustainable management of commonpool resources and sustainable
livelihoods

Figure 1.3. Conceptual framework showing the main research themes studied in this thesis.
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When the TGL SES is disturbed by socioeconomic changes and natural hazards, policy interventions
and resource exploitation, systems components and their relationships will adjust to maintain the
system’s structure and function or adapt to the disturbances. First, I employ the resilience concept
(i.e. a system-oriented approach that focuses on multiple disturbances) to understand cross-scalar
interactions between drivers of changes and cross-domain relationships between social and
ecological components to understand the long-term dynamics of the TGL. In order to investigate
how the system has evolved over time, I adopt the adaptive cycle as proposed by Holling and
Gunderson (2002) to frame the system dynamics through different phases (i.e. growth,
conservation, collapse, and reorganisation). A combination of the resilience concept and the
adaptive cycle enables me to explain cyclical behaviours of the system and identify critical drivers
of changes and their interactions with system components. Hence, the combination of the
resilience concept and adaptive cycle, for the first time in small-scale fishery contexts, allows me to
address the first research question: How has the small-scale fishery system of the Tam Giang
Lagoon evolved in responding to changing socioeconomic, environmental, and climatic conditions
in the past three decades?
Second, changes in the lagoon SES influence vulnerability contexts at different scales (household,
community) and livelihood outcomes of local communities through time. Many critical scholars
(e.g. N. Bennett et al., 2016; Fawcett et al., 2017; Ford et al., 2018; Tschakert et al., 2013) argue
that the longitudinal dynamics of vulnerability contexts are increasingly important to address the
root causes. I utilise insights from the evolution of the TGL (e.g. critical milestones, interactions
within system components and between system components with external drivers) to identify
timelines of the system history in relation to aquaculture development for assessing changing
vulnerability contexts and livelihood dynamics. By doing so, the research question - “How did the
changes in the system shape the livelihood dynamics of fishery-dependent groups?” (RQ2) is
addressed through three steps. In the first step, I employ the multi-dimensional framework as
proposed by Fraser et al. (2011) to describe how the vulnerability context has changed through
time. This framework allows me to assess changes in vulnerability contexts in three dimensions:
ecological capacity to remain productive under impacts of multiple stressors (disturbances),
household adaptive capacity to adapt to changes, and institutional capacity to provide support to
households in critical times. In the second step, I examine the livelihood trajectories of different
groups of resource users (fishers and aquaculture farmers) to understand which group gains and
which loses in response to the changing contexts. In the last step, I use the wellbeing approach to
compare the livelihood outcomes (wellbeing conditions) between groups in a quantitative way. This
complements the qualitative analyses in the second step. Using the multi-dimensional vulnerability
24

framework as an analytical lens, the dynamics of livelihoods and differential impacts induced by SES
changes are visualised.
Finally, because changes in the SES also influence the ways users exploit common resources to
maintain their livelihoods (adaptation), households within a community respond to changes
differently depending on their adaptive capacity and vulnerability contexts. However, within a
shared place, individuals’ responses interconnect with each other and affect the dynamics of the
entire system. Thus, this thesis draws on systems thinking to understand the interconnections and
interactions of the response of resource users with the system’s dynamics and sustainability. By
integrating local knowledge and perspectives through system dynamics and conceptual modelling,
the third research question is addressed (What are the key factors and processes that management
efforts should focus on to address resources-use problems and improve the social-ecological
resilience of the small-scale fishery system?). In order to identify core interactions and processes
between resource exploitation practices and the lagoon sustainability, causal loop diagrams are
used in group model building sections. Based on an improved understanding derived from the
system evolution and associated consequences for community livelihoods and interactions and
feedback processes between system components, this thesis provides policymakers and managers
with insights into the design and implementation of fishery management policies that can improve
CPRs and livelihood sustainability.
In this study, the use of system dynamics modelling complements the adaptive cycle heuristics in
identifying changes in system behaviour; this is because the adaptive cycle is not a predictive tool,
and phases are not necessarily sequential, and cannot alone explain cause and effect in particular
cases (Abel et al., 2006). The system dynamics modelling allows an understanding of the structural
causes of changes and non-linear feedback relationships among and between system elements with
exogenous factors (Sterman, 2000b; Tenza et al., 2017; Vennix, 1996). This approach, therefore,
can be used as a methodological alternative to support decision-making processes in SES
management. The system dynamics modelling consists of several iterative and sequential stages.
This study addresses the two first stages (problem articulation and formulation of a dynamic
hypothesis (causal loop modelling) to build a conceptual model to better understand system
structure, interactions among elements, and emergent properties arising from changes. The
conceptual model is useful to qualitatively understand system dynamics and is a necessary step on
which quantitative simulations can be built.
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1.5. Thesis structure
This thesis is comprised of six chapters. Chapter 1 functions as the introduction of the background
of the research topic, states the research aim and questions, and provides a review of literature on
the conceptual foundations for the research and identifies key research shortcomings from which
this thesis can make contributions. The chapter ends with a conceptual framework, which guides
this thesis to address the research questions.
Chapter 2. Methodology explains the procedures and criteria used to select the study site and
describes the context of the study site at three levels (national, regional, and local). The chapter
then provides a detailed description of the methods used for data collection and analysis, explaining
how they link together and fit the research design. The chapter ends with my positionality,
describing how my knowledge and experiences influenced the research design and progress.
The main body of the thesis comprises three empirical chapters (3, 4, and 5), which have been
formatted as manuscripts for publication. Due to the nature of the thesis by publication, each of
these three core chapters is a stand-alone paper, consisting of the necessary sections of a scientific
paper: introduction, description of the research context, methods, results, discussion, and
conclusion. This thesis format, therefore, generates duplicate information and description of
contextual background (the study area) and data collection methods, although the author has tried
to minimise repetition.
Chapter 3. Tracing dynamics and evolution of the fishery SES (paper 1) employs the lens of the
adaptive cycle to trace the evolution of the fishery system (Tam Giang Lagoon) from the 1950s to
2019. The chapter examines drivers of change, how they interact across scales and domains, and
their role in shaping the dynamics of the system. Moreover, the chapter provides a preliminary
understanding of livelihood pathways associated with changes in the social-ecological system as
well as highlights possible challenges that need to be addressed in future management. Insights
from this chapter provide foundations for the subsequent chapters. The chapter makes significant
contributions to improve the understanding of the long-term SES dynamics and to fine-tune the
application of the adaptive cycle heuristic in fishery-based and other common-pool resources. The
chapter has been published in Ecology and Society. [Appendix 1]
Chapter 4. Examining differential livelihood trajectories (paper 2) provides insights into how
changes in the social-ecological system, especially the adoption of aquaculture as a new adaptation
strategy, have influenced the livelihood trajectories and wellbeing of fishery-dependent groups in
the Tam Giang Lagoon. To complement the narratives, it also quantitatively assesses and compares
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the differences in current wellbeing conditions between groups. Findings from livelihood
trajectories and wellbeing differences between groups can help identify “winners” and “losers” in
response to changes in this fishery SES. By visualising the trajectories in a multi-dimensional
vulnerability framework, this chapter responds to the call of longitudinal studies that offer a way to
move beyond the static and snapshot vulnerability assessments. The chapter has been published in
World Development. [Appendix 2]
Chapter 5. Using system archetypes for management (paper 3) incorporates diverse knowledge
and experiences of resource users in the lagoon to understand complex system structure and
behaviour and identify recurrent resource-use problems. This chapter combines an emerging
approach in natural resource management (systems thinking) and participatory modelling to
identify generic system archetypes and leverage points for management. The chapter advances the
use of conceptual models in explaining system behaviour and recurrent resource-use problems in
fishery common-pool resources. This paper is under review in Social-ecological Practice Research.
[Appendix 3]
Chapter 6. The conclusion summarises the main findings presented in the three empirical chapters
(3, 4, and 5). The chapter synthesises the findings to highlight contributions to scholarly debates in
SES studies, provides practical recommendations for the management of common-pool resources,
and discusses research limitations and directions for future studies.
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2.Chapter 2. Research methodology

2.1. Introduction
This chapter provides an overview of the methodological approaches employed for data collection
and analysis to address the research aim and questions set out in Chapter 1. Section 2.2 explains
the context of this case study at three levels: national (Vietnam), regional (the Tam Giang Lagoon)
and local (study communities). It introduces criteria for the selection of the study site, then
describes the general socioeconomic and biophysical characteristics of Vietnam, the Tam Giang
Lagoon, and the two study communities. Section 2.3 provides a detailed description of the methods
used for data collection. This involved scoping visits, archival research, semi-structured interviews,
focus group discussions (FGDs), community walks, household surveys, a participatory workshop,
and follow-up interviews. This is followed by data analysis, researcher positionality, and ethical
approval.
2.2. Case study context
2.2.1. Selection of case study sites
This research adopted a case study approach using two coastal lagoon communities and their
households. In each community, households and villagers were purposively recruited for
interviews, participatory activities and surveys. The case study design is widely used in several social
science disciplines because it enables the researcher to obtain insights into the similarities and
differences within and between groups for an interesting dimension within the same geographical
area (Eisenhardt, 1989; Gustafsson, 2017). The case study, therefore, “allows in-depth, multifaceted exploration of complex issues in its real-life setting” (Crowe et al., 2011, p. 1) and is an
appropriate approach to answer “how and why” questions related to study events and phenomena
(Ebneyamini & Sadeghi, 2018). Although the case study approach has several advantages, it is not
without certain limitations. The first and most common criticism is that the case study has certain
limited generalisation abilities as it focuses on a single case exploration (e.g. of individuals,
households, communities, research sites) (Crowe et al., 2011; Yin, 2014). Secondly, the case study
might lack scientific rigour because it sometimes “has allowed equivocal evidence or biased views
to influence the direction of findings and conclusions” (Yin, 2009, p. 14). Thirdly, the case study
method faces time and financial resource constraints as it often uses a mixed-method approach for
data collection that is a time and money consuming process. According to Crowe et al. (2011), these
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limitations, however, could be minimised by involving respondent validations for findings and
interpretations of research results and describing the research process clearly.
As my research examines changes in a fishery SES and associated consequences for community
livelihoods, tropical coasts offer ideal study sites because their populations are heavily dependent
on natural resources, and most SSFs are often situated there (H. Smith & Basurto, 2019). Vietnam
was selected for this study as its coasts have been experiencing significant changes in both natural
habitats and governance systems since the national economic reform took place in 1986 (see
Section 2.2.2 for further description of changes). I am also a resident of Vietnam with a ten-year
working experience in environmental and resource management that helped me find appropriate
ways to conduct fieldwork activities. The Tam Giang Lagoon area, situated in the Thua Thien Hue
province in central Vietnam, was selected for this research. Two lagoon communities were chosen
for conducting fieldwork activities and for primary data collection. The Tam Giang Lagoon appeared
to be an ideal system because it has experienced rapid socioeconomic, political and environmental
changes in recent decades. To adopt a purposive sampling approach for selecting case study sites,
I followed Hoque’s (2016) work that investigated coastal aquaculture developments and associated
livelihood adaptations in Bangladesh. The approach details case study sites at three levels: national
– which country for the research, sub-national (provincial, district) – which province and district for
research, and local (village, community) – which villages are for focusing the research and
conducting primary data collections. At each level, certain criteria were set to select the most
appropriate case study (Table 2.1).
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Table 2.1. Criteria for case study selection at three levels (Adapted from Hoque (2016))
Level

Purposive sampling criteria

The general context of the case study

National

1. Rapid coastal development and
habitat changes

The rapid economic development of Vietnam in
the last four decades has significantly relied on
the growth and export of agriculture- and fisheryrelated products. This resulted in significant
alteration of coastal areas. Being situated in the
low-lying regions of the Red River delta and
Mekong River delta and with a long coastline,
Vietnam is considered one of the most vulnerable
countries to climate change and natural hazards
(MONRE, 2016). The majority of Vietnam’s
population live in rural areas (~65%) (GSO, 2017),
where livelihoods heavily depend on natural
resources. I am a Vietnamese citizen with ten-year
working experience in the country.

(Vietnam)

2. High vulnerability to anthropogenic
disturbances and climatic changes
3. Heavily dependence on natural
resources for livelihoods
4. Researcher experience of the research
context

Sub-national
(Central coast)

1. Coastal provinces with the rapid
transformation of fishery systems
2. Vulnerable to anthropogenic
disturbances and climatic change in the
country
3. Diverse groups of local stakeholders
using fishery common-pool resources
4. Accessibility
5. Availability of logistical support: local
researchers, equipment for the
workshop

Local
(village/commu
nity)

1. Each village should depend on both
fishing and aquaculture for livelihoods
2. Each village should represent one of
the geographical sides of the lagoon
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Coastal areas along Thue Thien Hue province have
experienced significant changes from capture
fishing activities to aquaculture, especially after
the Vietnam Government reformed its economy
in 1986. There was a massive conversion from
fishing grounds, mangrove forest and agricultural
lands to aquaculture ponds in the central coast.
The central coast is susceptible to a number of
disturbances and natural hazards, such as water
pollution, habitat degradation, floods, typhoons,
cyclones, and droughts. Because the Tam Giang
Lagoon spreads across five districts, I consulted
with local researcher networks to select suitable
districts. Finally, Quang Dien district was selected.
I first identified potential villages for this research
in consultation with local researchers, then
conducted several scoping visits to decide the
suitable villages for conducting fieldwork. After
scoping visits, two communities (they are
representative of villages on each side of the
lagoon) – Ha Do Phuoc Lap (HDPL) and Village 14
(V14) were selected as they met the selection
criteria. By selecting these two communities, I did
not aim to conduct a comparative study between
them but aimed to involve representatives of each
side of the lagoon, so research findings could
reflect the lagoon system’s situation.

2.2.2. Vietnam
Socioeconomic context
Vietnam is a Southeast Asian country with a land area of 331,235 square kilometres, comprising
eight geographic regions with different terrain and land uses (Figure 2.1). In 2018, the country had
a population of 97 million and a density of 290 people per square kilometre (GSO, 2019). Vietnam
became an independent country in 1975 after centuries of war with many countries (e.g. China,
France, Japan, and the United States of America). The country is governed by an one-party model
(Communist party). The country’s gross domestic product increased 17.5 times in the last three
decades,

from

~14

billion

USD

in

1985

to

245.2

billion

USD

in

2019

(https://data.worldbank.org/country/vietnam). According to the World Bank’s classification,
Vietnam is listed in the lower-middle-income economies with a gross national income of 2,360 UDS
per capita in 2018. Rapid economic growth in Vietnam started in 1986 when the government
introduced its economic reform plan (“Renovation” or Doi moi in Vietnamese), which transformed
its national economy from a centrally-planned to a market-oriented economy.
a)

b)

Figure 2.1. Maps of Vietnam with the overall terrain (a) and eight geographic regions (b).
(Source: https://en.wikipedia.org/wiki/Geography_of_Vietnam).
.
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Another remarkable achievement, along with economic growth after the reform, has been hunger
eradication and poverty reduction. Vietnam was a food-deficit country in the 1980s and has now
become among the top five global exporters of shrimp, rice, coffee, pepper, and cashews (WB,
2016). The poverty rate has been flattened significantly from about 70% of the population living
under the poverty standard (USD 3.2/person/day) in 1986 to below 6% in 2019
(https://www.worldbank.org/en/country/vietnam/overview). However, the majority of ethnic
groups, who often live in remote and mountainous areas, still experience a high poverty rate.
Vietnam has been experiencing rapid demographic and social changes over the past decades. As of
2018, its population had increased 1.5 times from approximately 60 million in 1986 and is projected
to be 120 million by 2050 (GSO, 2019). Population growth has been around 1.2% a year in the last
decade. Large numbers of people have migrated from rural to urban settings, especially since
Vietnam joined the World Trade Organisation in 2006. The urban population accounted for 35% of
the population in 2018 and is expected to account for more than 50% by 2050 (GSO, 2019). The
country has benefitted financially from rapid economic development and urbanisation. However,
there have been social consequences, notably inequality in income and standard of living and
access to the health care system and employment opportunities, particularly inequality between
rural and urban areas and among different social classes (UNDP, 2019).
Despite rapid economic growth and urbanisation, most of the population (65%) is still heavily reliant
on agriculture, forestry, and fisheries for their livelihoods. Although these sectors contribute only
~14.5% of GDP, they provide employment for >50% of the country’s workforce (GSO, 2019). Two
great deltas, the Red River in the north and Mekong River in the south (Figure 2.1), are considered
as having the most highly fertile soils and favourable water environments for agriculture and
fisheries. These areas have also contributed to making Vietnam the second-largest global exporter
of rice after Thailand. Both aquaculture and capture fishing have steadily increased over the past
three decades (WB, 2017). Aquaculture areas doubled from ~500,000 ha in 1995 to > 1,000,000 ha
in 2013, and farmed fish yields increased eight times from <500,000 in 1995 to 3.8 million tonnes
in 2013. Yields from capture fishing also increased significantly from 1.2 to 2.8 million tonnes in the
same period.
Environmental and climatic contexts
Land areas in Vietnam are categorised as agriculture (34.5%), forestry (45%), and other (residential
and industrial land, ~20%) (GSO, 2019). Arable land is around 20% of the total area and is mainly
located in the Red and Mekong River deltas. The country has a dense river and creek network that
is seen as an underlying driver for the expansion of intensive agriculture in recent decades.
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However, about 60% of the total river flow of Vietnam originates from outside its border; hence
freshwater flows are highly variable and depend on the operation of dams and hydropower plants
upstream in China, Lao, Cambodia and Thailand.
Vietnam’s coastline stretches for 3,200 km. Rapid economic development has come with multiple
environmental costs associated with deforestation, resource degradation, water and
environmental pollution and social conflict over competition for resources. Most of these problems
occur in coastal areas that have experienced dynamic urbanisation and industrialisation,
aquaculture expansion, and construction of irrigation systems and dykes (ADB, 2013; FAO, 2005a;
T. T. Hoa et al., 2019; T. D. Thanh et al., 2004). Notably, mangrove forest declined 85% from 400,000
ha in 1943 to <60,000 ha in 2008 (WB, 2011b); conversion to aquaculture areas is considered the
underlying cause of this decline (Hamilton, 2013; Hong et al., 2019; Veettil et al., 2019). In addition
to the loss of natural habitat and environmental degradation, coastal areas in Vietnam have also
experienced overexploitation of resources, especially in common-pool resource systems such as
fisheries. Although the government has introduced several management initiatives, overharvesting of coastal resources remains a pervasive problem.
Located in the monsoon tropical climate region, Vietnam is considered among the five countries
most exposed to and affected by natural hazards and climate change (MONRE, 2016). The country
faces various types of hazards in which riverine and coastal floods, tropical surges and cyclones,
landslides, and droughts are the most frequent events (IMHEN and UNDP, 2015; MONRE, 2016).
Overall, climate variability, the frequency and severity of natural hazards are predicted to increase
in Vietnam; however, changes vary geographically and seasonally. According to the IMHEN and
UNDP (2015) and MONRE (2016), observed data over the period of 50 years (1960-2010) shows
that total rainfall decreased in the north and increased in the south; annual temperature increased
by 0.62oC, the number of consecutive dry days increased in the northern but decreased in the
southern regions, droughts occurred more frequently in the dry season across the country, sea level
rose ~20 cm, and the risks of seawater intrusion increased along the coast of the country. There
was no evident variability in the frequency of tropical surges; however, the number of high-intensity
surges tended to increase; there was an increasing number of flood peaks (water levels) in most of
the main river basins.
In the context of climate change and the occurrence of natural hazards, by the end of the century,
the annual temperature would increase by 1.7 - 2.4oC with a medium emission (RCP4.5) and 3.0 4.0oC with a high emission scenario, total annual rainfall by 5 - 20%, and sea level by 53 cm (RCP4.5)
to 103 cm (RCP8.5); the number of high-intensity tropical surges is also likely to increase (MONRE,
33

2016). With a 1 m rise in sea level, 11% of the population and 7% of agricultural land would be
subject to inundation (GFDRR, 2015), including 16.8% in the Red and 38.9% in the Mekong River
deltas (MONRE, 2016). However, Kulp and Strauss (2019) and Minderhoud et al. (2019) have since
estimated that a 1 m rise in sea level would inundate 75% of the Mekong Delta and affect 70% of
its population.
As ~70% of the country’s population and socioeconomic infrastructure are in coastal and low-lying
deltas (GFDRR, 2015), damage and loss caused by natural hazards and climate change to Vietnam’s
national economy and development can be devastating. Floods and tropical surges are the most
frequent hazards and cause the most damage. On average, there are 6-7 tropical surges and 2-3
floods annually (IMHEN and UNDP, 2015). Annually, these have led to hundreds of deaths and
missing people, thousands of collapsed houses, hundreds of thousands of hectares of crops
damaged, and loss of numerous other infrastructure (VDMA, 2017). Some of the most devastating
disasters have been typhoon Linda in 1997 that caused 3,000 deaths and people missing, 100,000
houses collapsed, more than 300,000 ha of crops damaged; the cost was 7,200 billion VND (~360
million USD). In 1985, typhoon Cecil caused >600 deaths and missing people and collapsed
thousands of houses and fishing equipment in Thua Thien Hue province; three years later, the flood
in 1999 caused the most damaged historically for the central region of the country. Recent records
show that annual economic losses and damage caused by hazards have been ~ 0.8% of GDP and
have increased in the past decades (VDMA, 2017). Estimates suggest that climate change and
hazards can potentially cause losses of 1-3% and 6.7% of GDP by 2050 and 2100, respectively
(IMHEN and UNDP, 2015).
2.2.3. The Tam Giang Lagoon
Geography and demography
The study area - the Tam Giang Lagoon (locally know as Tam Giang - Cau Hai Lagoon) - is situated in
Thua Thien Hue province in the North Central Coast of Vietnam (Figure 2.2). Its major city, Hue, the
ancient capital of the Nguyen Dynasty between 1802 and 1945, was the UNESCO World Cultural
Heritage Site in 1993. Thua Thien Hue province has contrasting physiographical features, dense
forests in the west, the coastal delta in the east, and steeply falling rivers from west to east. The
coastline extends for 100 km and includes the Tam Giang Lagoon. The coastal area accounts for
around 20% of the total land area and is home to more than 80% of the provincial population,
whose livelihoods heavily rely on natural resources such as agriculture, aquaculture and capture
fishing (HSO, 2016).
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Figure 2.2. Map of the Tam Giang Lagoon in Thua Thien Hue province, Vietnam.
The Tam Giang Lagoon (TGL) is the largest coastal lagoon in South-east Asia (Tuyen et al., 2010).
The lagoon system occupies an area of about 22,000 ha, extending 70 km along the coast and
varying from 2 to 10 km in width (N. H. Nguyen & Kim, 2011; T. D. Thanh et al., 2005; Tuyen et al.,
2010). The lagoon is a shallow system with an average depth from 2 - 3 m, and the deepest zone is
about 7 m in the Thuan An inlet (T. D. Thanh et al., 2005). The TGL is formed by three interconnected
sub-lagoon systems across five of nine districts in Thua Thien Hue: Tam Giang (~5,500 ha), Sam
Chuon - Thuy Tu - Ha Trung (~6,500 ha) and Cau Hai (~10,000 ha) from north to south.
The lagoon hydrological regime is affected by both river flows and sea tides. It receives input from
five main rivers, O Lau, Bo, Huong, Dai, and Truoi; Huong River provides >80% of the annual input
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volume to the lagoon. Two inlets (Thuan An and Tu Hien) that connect the lagoon and sea play
important bio-physical functions in maintaining biodiversity and aquatic resources in the lagoon.
These two inlets allow seawater to come into the lagoon during high tide and maintain a brackish
water environment for marine species’ growth. The tidal pattern is regularly semi-diurnal with the
range ~0.5 -1 m. These two inlets are, however, not physically stable but often widen, close, reopen or are even displaced suddenly due to complex coastal dynamics, leading to changes in the
brackish environment and coastal floods in the lagoon basin (T. D. Thanh, 2002).
Geographical and hydrological characteristics create diverse habitats in accordance with the
variation of salinity levels in the TGL. Based on water salinity, Thung (2007) classified four dominant
ecological zones: freshwater, fresh-brackish water, brackish water, and brackish-saline water. T. D.
Thanh et al. (1998) divided the lagoon into seven ecological zones based on wetland habitats:
swampland dominated by rice field, swampland with mangrove forest, tidal flat zone, grass-bed
zone, muddy-bottom zone, sandy mud bottom zone, and aquaculture zone. The lagoon’s diverse
habitats support the lives of thousands of aquatic species, including some high-market value species
such as shrimps, crabs and eels.
In 2016, the lagoon areas had a total human population of >500,000 living in >300 villages in five
districts (HSO, 2016). The majority heavily relies on agriculture, fishing (Figure 2.3) and aquaculture
(Figure 2.4) or conduct multiple livelihood activities. Exploitation activities are very complex in the
lagoon as not only fishery-based households have rights to do fishing and/or aquaculture, but
agriculture farmers are also allowed to fish and do aquaculture if they join one of the nearby
Fisheries Associations. The TGL not only provides livelihoods for its residents but also contributes
significantly to provincial economic development, especially in agricultural and fishery production
(see Chapter 3 for further details). Overall, the lagoon communities have a higher poverty rate
(10.3%) compared to both provincial (7.2%) and national (6.1%) averages (GSO, 2017; HSO, 2016).
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a. Corral fishing in an early morning

b. Bottom steel-framed traps (lu) used in the TGL

Figure 2.3. Main fishing activities and gear in the Tam Giang Lagoon (Source: Author).
The lagoon governance system has evolved along with socioeconomic development. Historically,
the lagoon fisheries were based on the customary governance, managed by “Van” - a group of 40
to 70 households that lived on boats and travelled to fish together in the lagoon (N.Q.V Binh, 1996).
Each Van had a leader and its own rules in regard to fishing, natural resource exploitation and
sustainability, and used a unique type of fishing gear in specific fishing grounds following
negotiation among the leaders. This customary governance ended in 1975 when the new
government formed the agricultural cooperatives in rural areas. In the 1990s, following the
increased demand for global seafood, the government introduced aquaculture and provided
support through loans and training to villagers (N.Q.V Binh, 1996). Aquaculture then rapidly
expanded across the lagoon and adjacent agricultural areas, especially in the early 2000s.
The rapid change and transformation from artisanal fishing to the aquaculture-dominant system
have caused many problems for fishery-dependent communities. Amongst these, fishing ground
reduction, the use of destructive fishing gear, overexploitation of natural resources, environmental
pollution, and social conflict over resource competition are the most common. Recognising the
signs of the tragedy of the commons in the TGL, the provincial government launched many policies
and regulations to control unsustainable practices, such as the establishment of Fisheries
Associations in all fishery villages, territorial use rights for fisheries (TURF), ecological habitat
protection zones, and co-management mechanisms in monitoring and managing fishery activities,
etc. However, the management goals of these initiatives have not been fully achieved.
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a. Net-penned aquaculture farming

b. Earth-ponded aquaculture farming

Figure 2.4. Aquaculture farming in the Tam Giang Lagoon (Source: Author).

Climate and natural hazards
The lagoon is situated in a tropical monsoon climate with distinctive wet and dry seasons and within
the region of the West Pacific typhoon, one of the most affected areas by tropical cyclones. The
wet season occurs from late August to late January of the following year, accounting for > 70% of
annual rainfall. It receives about 3,799 mm mean annual rainfall, much more than the national
average, ~2,000 mm in 2016 (GSO, 2017). The temperature can rise up to 40oC in the summer and
drop to <10oC in the winter (HSO, 2016). Central Vietnam, including the TGL, is also affected by
extreme climatic events that are manifested as droughts, floods, typhoons and cyclones. Recent
literature shows that the frequency and severity of natural hazards have significantly increased in
the past decades, particularly floods (MONRE, 2016; Tran et al., 2008). More importantly, flood
seasons tend to start earlier and end later (Tran & Shaw, 2007); this causes even more damage and
losses to lagoon communities. Among numerous hazards and extreme events that have hit the
lagoon areas in the past four decades (Table 2.2), Typhoon Cecil in 1985 and the historic flood in
1999 were considered the two most devastating and terrifying events. When Typhoon Cecil
occurred, there were around 100,000 sampan dwellers living on boats. The impacts of this unusual
typhoon caused over 600 deaths and destroyed thousands of houses, boats and fishing equipment
(DaCosta & Turner, 2007). The flood in 1999, as a result of 5,500 mm of rainfall in few days, caused
373 deaths and destroyed thousands of houses in the TGL, and losses valued at 163 million USD in
Thua Thien Hue (Huong, 2010). Damage and loss caused by extreme events have been partly
attributed to the lack of physical infrastructure (sturdy houses, healthcare centres, etc.) and early
warning systems. The historical record indicates that there were around 5 to 7 extreme events
annually in the TGL in the past decade (Steering Committee for Natural Disaster Prevention and
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Control, 2016). Recent studies (e.g., Dau et al., 2017; Le & Sharif, 2015; Thuc, 2010) have supported
current literature that indicated climate variability and hydrological change would gradually
increase in the central coast until the end of this century, leading to warmer summers, decreased
rainfall and river flows in dry seasons, and increased rainfall and river flows in wet seasons.
Table 2.2. A summary of main extreme events and impacts from 1980 to 2016 in the Tam Giang
Lagoon
Year

Main extreme events

Human deaths and
injuries

House damage Economic loss
and collapse
(Bil. VND)

1980*

Typhoon

173 killed

n.a

n.a

1983*

Typhoon

252 killed, 115 injured

n.a

n.a

1985*

Typhoon

604 killed, 234 injured, n.a
98 missing

n.a

1989*

Typhoon

53 killed

n.a

n.a

1992*

Typhoon

7 killed

n.a

n.a

1998*

Typhoon

31 killed

n.a

n.a

1999*

Typhoon

373 killed

n.a

n.a

2003**

Typhoon and flood

5 killed, 4 injured

206

27.2

2004**

Typhoon and flood

10 killed

1,626

288.0

2005**

Typhoon and flood

7 killed, 12 injured

1,830

158.1

2007**

Typhoon, flood, cyclone

23 killed, 36 injured

901

1,162.0

2009**

Typhoon and flood

17 killed, 59 injured

11,932

343.0

2010**

Typhoon and flood

15 killed, 19 injured

2,688

227.2

2012**

Typhoon and cyclone

None

60

80.0

2013**

Flood and typhoon

6 killed, 29 injured

1,897

591.9

2014**

Typhoon and drought

8 killed, 1 injured

8

6.5

2015**

Typhoon and cyclone

1 killed

53

29.4

2016**

Drought, typhoon and flood

13 killed, 14 injured

11,797

587.0

* Impacts reported for the Tam Giang Lagoon areas only and data from DaCosta and Turner (2007);
** Impacts reported for the entire Thua Thien Hue province, however, the Tam Giang Lagoon was the most
affected area. Data from annual reports of the 2003 - 2016 period from the Steering Committee for Natural
Disaster Prevention and Control - Hue (2018);
n.a = data was not available.

Besides the scientific evidence, the consequences of natural hazards and extreme events are
confirmed by local observations of changes across the lagoon communities. In a recent project, The
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Center for Social Research and Development (CSRD) worked with villagers in all 33 communes
around the lagoon to assess climate change vulnerability and adaptation at local levels. CSRD found
that, over the last three decades, villagers experienced an increased frequency of extreme events
such as longer rainy seasons and hotter summers. Similar findings were also noted by Mac et al.
(2016); villagers from the sub-lagoon (Cau Hai) suffered from droughts, prolonged heatwaves, cold
weather, floods and typhoons more frequently in the past decade. MONRE’s report (2016) shows
that the central region, including the TGL, will likely face higher climate variability and more
extreme events in the coming decades.
2.2.4. Study communities
Two villages2, Ha Do Phuoc Lap (HDPL) and Village 14 (V14) in Quang Dien district, about 20 and 30
km east of Hue city, respectively, were selected. Access to these villages in the rainy season is
sometimes impossible because the main roads are inundated (Figure 2.5). The villages are located
on opposite sides of the lagoon and represent the many distinctive socioeconomic backgrounds
and geographical features of the lagoon communities (Table 2.3). Their populations are
Vietnamese, and there is no minority group. HDPL is a large village and home to 220 households. It
is formed by both native villagers and sampan dwellers (also called mobile fishers) who previously
had lived on boats and travelled to fish in the lagoon. V14 village is a smaller village and home to
67 households. It is formed entirely by sampan dwellers, dating from 1986 when the provincial
government forced mobile fishers to settle on land after Typhoon Cecil. Chapter 4 provides more
details on the demographic profile and socioeconomic backgrounds of the two study villages.
In both villages, the majority (~80%) of households rely on fishery activities (fishing and/or
aquaculture) for their livelihoods. All fishing activities use small boats (Figure 2.6) and are limited
to the authorised fishing grounds that were allocated by the Departments of Natural Resources and
Environment and Home Affairs. Each village has its own Fisheries Association to manage all fishery
activities and control intra- and inter-village disputes under co-management mechanisms.

2

In Vietnam, village and community represent the same administrative unit. These terms are, therefore,
used interchangeably throughout the thesis.
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Figure 2.5. The only road to the study villages to do fieldwork in the rainy season 2018
(Source: Author).
Currently, farmers in the two villages use different aquaculture models. In HDPL, aquaculture can
only be operated in the dry season (February to August) with multi-species farming, whereas in V14
multi-species farming can be operated all year round thanks to its geographical features. Being
situated on the inland side of the lagoon, HDPL is close to the river estuary. This makes it highly
susceptible to river floods and pollution from nearby urban areas. As V14 is on the coastal side of
the lagoon, its fishery activities are less impacted by river floods and are benefited by improved
flushing with saline water. This allows farmers in V14 to conduct the cross-flood aquaculture model
that is now seen as economically beneficial and a compromise model in the TGL area.
In terms of development pathways, the two villages have experienced distinctive trajectories since
aquaculture farming was introduced. In general, both villages went through several growth and
collapse periods in fishery systems and livelihoods. In 2017, households in V14 had a significantly
higher income level and lower poverty rate compared to those in HDPL. Chapter 4 focuses on this
comparison and provides further insights into the similarities and differences between the two
villages.
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Table 2.3. A summary of characteristics of the study villages in the Tam Giang Lagoon (Data sources:
Quang Cong Communal People's Committee (2017), Quang Phuoc Communal People's Committee
(2017), and fieldwork data).
Village

HDPL

V14

Total population (person)

976

244

Population growth rate (%)

1

0.8

Poverty rate (%)

14.5

7.5

Location

Inland side, close to the river
estuary, low water salinity

Coastal side, close to the sea and
inlets, high water salinity

Distance to Hue city centre (km)

~20

~30

Aquaculture areas (ha)

~53.6

~36.5

Aquaculture model

Multi-species

Multi-species
aquaculture

Authorised fishing grounds under
Territorial Use Rights for Fisheries (ha)

220.3

185.6

Typical natural hazards and extreme
weathers

Typhoons, floods, droughts,
extreme cold, and hot
weather

Typhoons, floods, droughts,
extreme cold and hot weather,
coastal erosion

Demographic backgrounds

Geographic features

Land and land use

Figure 2.6. Fishing boats in Village 14 (Source: Author).
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and

cross-flood

2.3. Mixed-methods approach
This research applied a mixed-methods approach to collect both qualitative and quantitative data.
This approach can increase the strengths and minimise the weaknesses of the different methods
used (Ritchie & Lewis, 2003), therefore enabling researchers to better understand research
problems and explore complex phenomena in detail (Johnson & Onwuegbuzie, 2004; Johnson &
Turner, 2003; Regnault et al., 2017; Venkatesh, 2016; Viswanath, 2013). Mixed-methods research
is multi-purpose, and its quality can be assessed via validity criteria such as triangulation,
complementarity and confirmability (Bryman, 2016; Greene et al., 1989; Viswanath, 2013).
In this study, I used a methodological triangulation approach that combined several data collection
methods (Denzin, 1970). These included scoping visits (n = 10), archival research, interviews with
local stakeholders (n = 31), focus group discussions (n = 4), household surveys (n = 142), workshop
(n=1) and community walks (n = 10). I used these methods to obtain different types of information
to compare results across methods. For instance, issues that were identified during the archival
research period (e.g. boom- and boost-cycles of aquaculture development in the TGL, aquatic
diseases) were crosschecked during the interviews and focus group discussions with fishers and
aquaculture farmers. Likewise, issues raised in focus group discussions (e.g. water pollution, use of
destructive gear) were explored during participant observations and community walks. A final
workshop brought all critical issues identified or witnessed from previous methods for further
validation and refinement.
Complementarity refers to the use of different methods to gain complementary views and insights
into research problems. In this study, several methods were used to investigate social-ecological
changes and livelihood trajectories at different spatial scales. Prior to data collection in the study
communities, I used archival research to gain a general understanding of the lagoon system, such
as the history of its development, management and aquaculture collapse. Written documents often
noted that fishery-based livelihoods were generally ruined at the lagoon scale. I brought such
information to interviews and focus group discussions with villagers (at the village scale) to seek
further details. Participants provided further information that indicated that not all groups of
villagers experienced the same livelihood trends. For example, some aquaculture farmers had been
able to accumulate physical assets (e.g. aquaculture ponds) and become wealthier. This insight, for
example, could not be fully understood without the interviews or focus group discussions with
villagers.
Confirmability indicates “the degree to which the findings of the research study could be confirmed
by other researchers” (Korstjens & Moser, 2018, p. 121). In this thesis, confirmability is reflected in
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three ways. Firstly, the three empirical chapters have gone through peer reviews that have critically
assessed the robustness of the methods, findings and their contribution to the literature. Two of
these three chapters have been published and cited by some scholars. Secondly, the key findings
of this thesis are in line with those of previous studies in the TGL that investigated livelihood
challenges (DaCosta & Turner, 2007; Hanh & Boonstra, 2018, 2019), co-management and social
conflict (Ho, 2015; Ho et al., 2015; Huong & Berkes, 2011), the use and control of destructive gear
(Chi et al., 2018a), and social-ecological changes (Andrachuk & Armitage, 2015; Ho et al., 2016).
Finally, the thesis has been intensively supervised by two scholars and critically examined by three
scholars.
I conducted the fieldwork activities in an order that approached the case study from collecting
secondary (archival research) to primary (working with villagers) data. This fieldwork procedure
helped me to obtain a broad understanding of the case study (the entire lagoon SES) first, and then
I could zoom in to investigate specific themes (e.g. livelihood trajectories, wellbeing conditions,
interactions between system components). This approach also helped me to adjust the fieldwork
schedule to be suitable for village-specific contexts. For example, interviews with villagers showed
that fishers often went fishing from the early morning until noon and were available in the
afternoon while aquaculture farmers had fixed schedules for feeding their farmed fish. I, therefore,
rearranged my original work plan to conduct FGDs, community walks, surveys and the participatory
workshop in accordance with the availability of villagers.
This thesis draws on the data collected over a total of six months in two fieldwork seasons between
2017 and 2019 in the TGL. The first collection was from October 2017 to January 2018 and consisted
of scoping visits and archival research; the second was from December 2018 to February 2019 and
involved semi-structured interviews, focus group discussions, household surveys, community
walks, a participatory workshop, and follow-up interviews. All fieldwork activities were conducted
in Vietnamese. Figure 2.7 outlines the methodological framework used for conceptualisation, data
collection and analysis to address the research questions.
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Dynamics of Social-ecological Systems

OVERARCHING THEME

RESEARCH QUESTIONS

CORE CONCEPTS

1. How has the smallscale fishery system of
the TGL evolved in
response to changing
socioeconomic,
environmental, and
climatic conditions?

2. How did the changes
in the system shape
the livelihood
dynamics of different
fishery-dependent
groups?

3. What are the key
factors and processes
that management
efforts should focus on
to address resource-use
problems and improve
the social-ecological
resilience of the SSF

Resilience

Vulnerability

Systems thinking

METHODS
Data collection

Analytical lenses

THESIS STRUCTURE

 Archival research
 Focus group discussions
 Household surveys
 Participatory workshop

 Semi-structured interviews
 Community walks
 Participant observation

 Multi-dimensional

 Adaptive cycles
 Longitudinal analysis
 Description

vulnerability
framework
 Longitudinal analysis
 Statistical analysis

Chapter 4
Differential livelihood
trajectories and
wellbeing
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Figure 2.7. Research design showing links between the research questions, data collection and
analysis methods, organised by thesis chapter.
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2.3.1. Scoping visits
To understand socioeconomic conditions, livelihood practices, and lagoon ecological
characteristics, a series of scoping visits to ten lagoon communities (two in each of the five districts)
were conducted using informal interviews (conversations) with the ten community leaders. These
ten potential study communities were selected based on geographical distribution around the
lagoon (spanning the complete lagoon perimeter), the extent of engagement in fishery activities
and consultations with local researchers. I used a rapid rural appraisal method to elicit background
information of all visited communities in a profile matrix of simple predetermined selection criteria,
which was then used to score each village (Table 2.4). Six criteria were used: accessibility, fishery
engagement, aquaculture development, the area allocated for fishery, livelihood diversity, and
support of the community leader. Out of the ten visited communities, some were considered
unsuitable for the research because of low engagement in fishery activities. Others were eliminated
because they were heavily inundated in the rainy season, making them inaccessible. Generally,
communities on the coastal (ocean) side of the lagoon were identified to have mostly similar social
and ecological characteristics (e.g. habitats, development and infrastructure, etc.). However, they
were considered to differ from communities on the inland side who had different use-patterns of
aquaculture models and fishing gear use, plus were more susceptible to poor water quality and
habitat loss (both terrestrial and aquatic) associated with land use change. These two sides of the
lagoon were identified to have differential exposures; the coastal side (ocean) has a higher
exposure level than the inland side, overall. Specifically, the coastal side was susceptible to river
floods and water pollution while the coastal side was considered to be highly affected by typhoons,
erosion and salinity intrusion along the shore. Hence, I selected one representative community on
each side for this research.
Accordingly, the two communities chosen were Ha Do Phuoc Lap (HDPL) and Village 14 (V14), as
they best represented the specific social and ecological characteristics that differentiated the two
sides of the TGL, and had the highest scores overall. HDPL community is situated on the inland side,
similar to communities close to the estuaries. It experienced high poverty rates, and a pattern of
aquaculture operation usually in the dry season and fishing in the wet season. V14 is located on the
coastal side and had a lower poverty rate, and a reliance on aquaculture operations all year round.
Scoping visits are a useful and necessary means of understanding potential study communities
because they provide real-time data of socioeconomic and ecological backgrounds. These sources
of information helped me select suitable sites for this research. However, the selection of scoping
sites based on some predetermined criteria might miss relevant study sites that might be ideal for
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intended studies. No permission was required for conducting the fieldwork from the Vietnamese
government because there were no foreign researchers joining activities at the TGL. I was given an
introductory letter from my institute (IMHEN) that helped me contact and collect census data from
local authorities.
Table 2.4. Study community selection criteria
Community
name
(district)
Lai Ha
(Quang Dien)
Ha Do Phuoc
Lap
(Quang Dien)
Huong Giang
(Huong Tra)
Phu My 1
(Phu Vang)
Village 16
(Phu Vang)
Luong Chanh
(Loc Dien)
Village 14
(Quang Dien)
Thanh My
(Phu Vang)
Loc Binh 3
(Phu Loc)
Trung Hung
(Phu Loc)

Accessibility Fishery
Aquaculture Area
Livelihood Support from Total
engagement development allocated diversity the
score
for fishery
community
leader
2
2
2
1
1
2
10
3

3

3

3

1

3

16

3

1

1

1

2

2

10

2

1

3

1

2

2

11

1

2

2

2

1

3

11

1

2

2

2

1

2

10

2

3

3

2

1

3

14

2

1

2

3

1

3

12

1

3

3

1

1

2

11

1

3

2

3

1

2

12

(Lai Ha, HDPL, Huong Giang, Phu My 1, Village 16, Luong Chanh are inland-sided communities, Village 14,
Thanh My, Loc Binh 3, Trung Hung are coastal-sided communities. Accessibility (1: difficult, 2: moderate,
and 3: easy); Fishery engagement (1: <50%, 2: 50-70%, and 3: >70%); Aquaculture development (1: < 10
years, 2: 10-20 years, and 3: >20 years); Area allocated for fishery (1: <100 ha, 2: 100-200 ha, and 3: >200
ha); Livelihood diversity (1: low, 2: medium, and 3: high); Support from the community leader (1: no
willingness and commitment to support, 2: willingness but no commitment to support, and 3: commitment
to support).

2.3.2. Archival research
Because this study investigates the longitudinal dynamics of the lagoon social-ecological system,
census data plays an important role in representing historical changes as well as in complementing
primary data collected from the participants. To collect relevant data and reports, I visited several
government departments that are responsible for the management of the lagoon, state libraries
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that stored relevant published textbooks, local researchers who conducted relevant studies in the
lagoon and local non-governmental organisations. Furthermore, published scientific articles
relating to the lagoon were also collected through on-line search and personal visits. The core data
and documents collected in archival research are summarised in Table 2.5. In this study, archival
research was a useful means of collecting historical data published in the form of written
documents (e.g. reports and books) that are often not accessible via an on-line search or cannot be
recalled by participants. However, archival research required me to spend long periods in making
contacts with relevant organisations and researchers to collect necessary data.
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Table 2.5. Core data collected through the archival research period
Covered period/
Issued year

Author

Short description

Source*

Daily rainfall

1977-2016

VCHMD

Recorded daily rainfall from all three available meteorological stations in
Thua Thien Hue province

VCHMD

Daily air temperature

1977-2016

VCHMD

Recorded daily air temperature from all three available meteorological
stations in Thua Thien Hue province

VCHMD

River water flows

1998 -2016

Recorded daily flows of the five main rivers to the lagoon, available from
hydrological stations in Thua Thien Hue province

VCHMD

Annual reports on impacts of
extreme climate events in the
lagoon districts

2004-2016

PSC-DPC

Reports summarising frequency and severity of all types of extreme
climate events in the lagoon areas, including high-frequency events:
typhoons, floods, droughts and cyclones

PSC-DPC

Annual water quality monitoring
data

2010-2014

DONRE

Summarised annual data detailing basic physical-chemical parameters (e.g.
temperature, total suspended solids, pH, biological oxygen demand,
chemical oxygen demand, dissolved oxygen, etc.)

DONRE

Quarterly water quality monitoring
data

2000 -2015

Local
researchers

Water quality monitoring data from previous research projects conducted
by local researchers

Personal visits

IMOLA project report

2006-2008

IMOLA

Basic water quality parameters were measures over the course of projects
from 2006-2008

Personal visits

PPC

Detailing planning, technical standards and management of the white-legs
shrimp aquaculture model in the TGL

LoLD [web]

Data/document
Hydro-meteorological data

Water quality data

Management policies and decisions
Decision number 72/2014/QĐUBND on issuing the regulation on
shrimp aquaculture development
in Tam Giang-Cau Hai, Lang Co
lagoons

2014
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Data/document
Decision number 62/2016/QĐUBND on issuing management
regulations on aquatic resource
exploitation in lagoon areas in
Thua Thien Hue province.

Covered period/
Issued year
2016

Author

Short description

Source*

PPC

Detailing mesh size and allowable activities and fishing gear in the TGL

LoLD [web]

Decision number 621/QĐ-UBND on
adjusting the aquaculture planning
in Thua Thien Hue province until
2015 and vision to 2020

2015

PPC

Detailing spatial changes for aquaculture development in the TGL

LoLD [web]

Decisions on approving Plan for rearrangement of fish corrals in the
Tam Giang Lagoon issued in 2008,
2009, 2010 and 2011

2008-2011

PPC

Detailing procedures of removing fish corrals, and allowances for affected
households in four lagoon districts

LoLD [web]

A series of statistical yearbooks

1995-2016

HSO

Comprehensive reports detailing all aspects of socioeconomic conditions
(e.g. demographic data, land use, agriculture production, fishery
production, living standards, education and healthcare service systems,
etc.) in Thua Thein Hue Province, including the Tam Giang lagoon area

HSO

Fishery production

2000-2016

DARD

Reports summarising fishery production in the lagoon area

DARD

IMOLA project report

2008

IMOLA

The report detailing the socioeconomic backgrounds and livelihood
activities of the lagoon communities, institutional structure, and
governance of the lagoon resources management

Personal visits

Project report: Climate Adapted
Local Development and Innovation

2014

CSRD

The report detailing vulnerability and adaptation capacity at communal
levels of 33 communes in the lagoon

CSRD

Nuyen Q V.
Binh (1996)

This textbook provides information about the history of the lagoon
development since the 18th century

State library

Socioeconomic data

History of the lagoon development
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Data/document
Reports on socioeconomic
developments of the lagoon
communes
Published articles

Covered period/
Issued year
2014-2016

Various

Author

Short description

Source*

Commune
PPC

Detailing socioeconomic as well as fishery activities and production at
commune levels. They provide specific information relevant to the study
communities as well as other lagoon communities.

ISTR

Cited
in
relevant
empirical
chapters

Numerous relevant articles covering various fields (environment,
livelihoods, aquaculture development, fishery management, water
pollution, resources exploitation, etc.) were collected mostly through an
online search on SCOPUS, SCIENCE

Online
and
personal visits

* VCHMD = Vietnam Center for Hydro-Meteorological Data; DONRE = Department of Natural Resources and Environment, DARD = Department of Agriculture and Rural
Development; Thua Thien Hue province; IMOLA = Integrated Management of Lagoon Activities project; ISTR = Institute for Science and Technology Research in Hue city;
PSC-DPC = Provincial Steering Committee for Natural Disasters Prevention and Control; HSO = Hue Statistics Office; CSRD = The Center for Social Research and
Development; PPC = Provincial People’s Committee; LoLD = Library of Legal Documents of Thua Thien Hue PPC
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2.3.3. Semi-structured interviews
As household livelihoods are shaped by multiple factors (i.e. socioeconomic and political contexts,
shocks, trends, and seasonality) that change over time (Scoones, 1998), households often employ
various strategies, depending on their capacity and assets to maintain their livelihoods and
wellbeing; these lead to the changes in their livelihood portfolios. I conducted semi-structured
interviews to collect in-depth information about how contextual (social, ecological) factors,
household activities, and adaptation strategies had influenced the livelihoods and wellbeing of
fishery-based households.
Key informants such as community leaders and respected elders were approached first, then
additional participants through snowball sampling. That said, the interviewees were not chosen by
completely random sampling but by purposive sampling to ensure the research objectives were
addressed. I obtained in-depth historical information about social-ecological changes through
interviews with participants who had lived and experienced significant changes in their livelihoods
and wellbeing since the introduction of aquaculture (the late 1980s). A total of 31 interviewees (17
in HDPL and 14 in V14) aged from 33 to 77 years old (29 men; 2 women), representing two major
groups of study villagers (fishers and aquaculture farmers), finally participated in the interviews.
This gender imbalance in my interviews was because, in cultural and custom norms in rural
communities in Vietnam, men are often the heads of households and represent their families to
participate in external activities such as this research. In addition, I did not purposefully look for
female-headed households for the interviews because my thesis did not specifically aim to
investigate gender differences in household livelihoods. Details of the interviewees are presented
in Chapter 3.
An interview started with general questions about the respondent’s demographic and
socioeconomic background and then about their current livelihood activities and conditions. As the
interviews covered past events, the interviewees were better able to remember and explain their
life story and how their livelihoods and wellbeing had changed over time, particularly by the impacts
of extreme events (floods, typhoons, changes in the governance system) and aquaculture
expansion. In some cases, the interviewees mentioned the role of external support from nongovernmental organisations (NGOs) during difficult times (e.g. floods, typhoons, droughts) even
though the interviews did not include detailed questions about NGOs. Overall, each interview
covered household livelihood activities, changes in the lagoon SES, and associated adaptive
responses (see Appendix 7 for key interview questions). Almost all interviews were conducted in
the interviewees’ places of residence or work. In some cases, the interview was conducted when
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the respondents and I walked around the aquaculture ponds and even travelled around the fishing
grounds. Hence, the interviewees were able to show some actual evidence of changes, for example,
water quality and seagrass habitats. These interview places made the interviewees feel comfortable
to share their own story. For the first interviews when I was not familiar with villagers, to help me
build rapport and trust, the community leader or an elder introduced me to the interviewees.
However, the community leader and an elder were not present during the interview time. All
interviews were audio-recorded, noted in the fieldwork notebook and sometimes photographed
with consent.
In this study, semi-structured interviews ensured key research questions were addressed and
provided ample space for the interviewees to freely express their own experiences, knowledge,
interests and life story. Besides, I could clarify the meanings of information collected from previous
activities. Semi-structured interviews were relatively easy to organise and conduct in the study
communities because I recruited the participants through snowball sampling. However, I found that
semi-structured interviews had to rely on the ability and memory of respondents to provide the
required information, and each respondent often provided her/his own perspective on research
issues, as expected. In order to obtain a diversity of perspectives spanning household livelihoods
and the social-ecological changes that have occurred within the TGL, I tried to recruit participants
from different backgrounds, considering age, education level, poverty status and the exposure to
fishery activities.
2.3.4. Focus group discussions
In qualitative research methods, focus group discussions (FGDs) are frequently adopted to help
researchers obtain an in-depth understanding of research problems based on the participants’
shared experiences, beliefs and views on specific research topics. FGDs help elicit information that
would hardly be feasible using other methods such as interviews, questionnaire surveys or
observations (Gibbs, 1997).
There are several critical factors that influence outputs of FGDs: the composition of the group, the
identification and recruitment of participants, the number of participants, and the venue
(O.Nyumba et al., 2018). The FGDs in this study were, therefore, carefully designed. All FGDs went
according to a planned procedure: introducing myself, the research project and the participants,
outlining the FGD agenda, discussing the main topics, and summarising outputs of the FGD. First,
the FGDs were conducted separately for fishers and aquaculture farmers in each community. My
field observations noted that villagers had many similar characteristics within the fisher and
aquaculture farmer groups but differed between groups. Each FGD consisted of both men and
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women, although men were in the majority. Mixed-gender groups can increase the quality of
discussions and outcomes (Freitas et al., 1998). Second, participants in the FGDs were purposively
sampled because the results heavily depend on the capacity of the participants to proactively share
their experience and interact with others (Morgan, 1998). Accordingly, at the end of the semistructured interviews conducted in the previous step, the interviewees who were considered to be
knowledgeable sources and expressed a willingness to participate in further research activities
were recruited for the FGDs. Third, each FGD typically involved ten participants, a number widely
recommended as “large enough” to be manageable and give participants the opportunity to share
their own insights and observations, as well as “small enough” not to fragment (Krueger, 1994).
However, because some recruited persons may not show up, an additional 10 - 25% of the number
of participants was added at recruitment (Rabiee, 2004). Finally, the venue should be easily
accessible, comfortable and familiar to the participants with sufficient space and infrastructure (J.
M. Smith, 1972). I, therefore, asked permission from the community leaders to use the community
hall, the most common meeting place for villagers.
Then FGDs were organised separately for fishers and aquaculture farmers to (1) gain an
understanding of, and information on the development of the lagoon social-ecological system and
(2) build conceptual models to understand the complexity and structure of the system. The main
questions and topics for discussion related to the study villages and the TGL contexts, to changes in
community livelihoods and environmental quality and natural resources over the years, to changes
and impacts of fishery management on local communities, and to impacts of extreme events
affecting both livelihoods and the ecological system (see Appendix 8). The four FGDs had a total of
39 villagers, and nine to eleven in each representing a range of socioeconomic and demographic
backgrounds (Further details in Chapter 3). Each FGD was divided into two sessions. In the first
session, the participants constructed a visual timeline on a large sheet of paper through which to
depict and deliberate the key milestones of aquaculture development, changes to livelihood
activities and the ecological conditions, and the governance system (Details presented in Chapter
3).
In the second session, the participants developed conceptual models representing the lagoon SES
structure and dynamics. This activity used the participatory modelling approach as it allowed the
engagement of diverse stakeholders with different types of knowledge and experiences of the
study site and research issues. The modelling process went through four sequential stages: problem
articulation, formulation of the dynamic hypothesis via building CLDs, a refinement workshop (2b),
and finally, an analysis of system archetypes (Details presented in Chapter 5). In order to avoid
creating an unnecessary complex model, the participants were frequently reminded about the
54

purposes of the model for them to include the most relevant variables. In addition, to resolve
contradictory perspectives raised during the modelling process, I always facilitated the discussion
to reach an agreement about what would be relevant to the entire lagoon system from all the
participants before proceeding to other points. It is noted that obtaining an agreement from all
participants in this way can be problematic as it suppresses divergent voices and may miss
disagreement. However, asking the participants to make agreements in the modelling process is
necessary because, if every single element that might not represent a wider community or a system
is included, the output will be too complex, making it difficult to be understood and interpreted.
FGDs were audio-recorded and photographed with consent.
In this study, FGD was an effective way to encourage participants to share experiences and
stimulate discussion that provided insightful information about research issues and study sites,
including un-documented reasons that participants shared to explain why the lagoon system had
recovered after several collapses. Nevertheless, FGDs significantly rely on the ability and confidence
of participants to recall information and drive a discussion. I observed that the participants
sometimes struggled to answer some questions regarding the situation before the historic typhoon
Cecil in 1985. Further, although the village leads (i.e. the community leader and the head of the FA)
did not appear to dominate or steer the FGDs, to some extent, their presence may have influenced
the discussion on more sensitive topics such as ineffective responses to illegal fishing (which is
under the responsibility of the FA). In order to obtain insightful details of the research issues and
minimise possible effects of these power dynamics, I tried to avoid questions specifically related to
their role in the lagoon management, thereby facilitating more open discussions.
2.3.5. Community walks and participant observation
During the fieldwork seasons, I was accommodated at the house of community leaders. This
facilitated my introduction, accreditation and communication with the villagers that allowed me to
conduct several walks (five times in each community) through the communities, accompanied by
at least one villager. After discussing my research objective, the villagers decided the paths that
could provide me with the best insights into their community. Generally, each walk lasted around
90 minutes, depending on the paths. Information and evidence obtained from the walks were, with
consent, recorded in a fieldwork notebook and photographed. Besides the walks, travelling on a
fishing boat around the lagoon to visit fish corral sites (about 5 km from the lagoon border) in the
early morning was highly informative as I could get an impression of how villagers had conducted
their fishing activities, maintained fishing gear, traded fish in a small landing ground, and
communicated with other villagers. In December 2018, I had an opportunity to join preparations by
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the team of HDPL for a traditional event, the boat racing campaign. This helped me to understand
how collective actions were organised between villagers, whether they were fishers or aquaculture
farmers.
In this study, community walks and participant observations helped me to observe real-time
situations of the study communities and validate some critical information of the lagoon system,
such as environmental pollution and habitat modification along the lagoon shore. This source of
information is important for placed-based studies because it increases the confidence of
researchers in interpreting the research outputs. However, I found that community walks and
participant observations mainly provided information about present situations and events relevant
to research issues.
2.3.6. Household surveys
Questionnaire surveys invented by Sir Francis Galton, a British anthropologist, are widely applied in
social and rural research (Bhattacherjee, 2012). One of the most important strengths of this method
is that it provides a cost-effective way for gaining the “unobservable” from study populations such
as people’s preferences, attitudes, beliefs and behaviours (Bhattacherjee, 2012). However,
household surveys often restrict responses to a structured format that might lead to the loss of
relevant information. In this study, I used household surveys to collect baseline data on household
characteristics, socioeconomic conditions, livelihood activities and outcomes, and villager
perspectives on social-ecological changes in both qualitative and quantitative formats. Data from
the household surveys provided numeric evidence to complement the qualitative information
collected from the semi-structured interviews and FGDs and were used to examine the differential
impacts of SES changes on livelihood dynamics (Details presented in Chapter 4).
To best represent local characteristics, I tried to survey households located in all neighbourhoods
of the communities. As the research aimed to compare differences between fishing and
aquaculture households, a balance between the groups was essential. To classify households into
either fishing or aquaculture groups, I initially worked with the community leader on the list of
registered aquaculture households provided by the commune government and the list of
community households provided by the community leader. If households owned or rented
aquaculture pond(s), they were listed in the aquaculture group, whereas if households were
registered as fishers and paid a fishery fee, they were listed in the fishing group. In some cases, a
household conducted both activities, so further questions regarding their main income source were
asked during the survey to confirm which group they belonged.
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After the classification of household groups, I used a random route-sampling method (Bauer, 2014;
Sebastian, 2020) to recruit households for the surveys. Because the HDPL community was large
(220 families), households were divided into three neighbourhoods in consultation with the
community leader. The community leader also helped identify potential households active in the
fishery sector and the total number of households in each neighbourhood, from a list provided by
the commune government. In each neighbourhood, I attempted to survey households in across
different zones that I noticed during the walk-through. Hence, I started the survey on both sides of
the main road, and then turned to sub-roads where relevant. I walked to households and knocked
on doors to recruit and interview villagers, randomly. Depending on how dense the households in
each neighbourhood were, I knocked on almost all households in low-density segments and skipped
every two or three households in crowded segments. At each door, I first asked the potential
interviewees whether they engaged in fishery activities (fishing, aquaculture) or not, and only
interviewed fishery-based households. At the end, I surveyed 30 households in each neighbourhood
(90 in total) in HDPL; these households were considered to be suitably representative of fisherybased households within the community. Since V14 was a smaller community (67 households), it
was not necessary to divide into neighbourhoods for sampling. I surveyed households along the
main and sub-roads across the various zones of the community. More than 70% of households in
V14 were surveyed (52 households in total).
Household surveys were conducted using face-to-face interviews with 142 households in the two
study communities (90 in HDPL and 52 in V14) and were administered by myself. Most respondents
were male and the heads of the households. When the head of the household was away, another
adult member acted as respondent. Sometimes more than one member of a household
participated, or the main respondent had to refer to other members to answer particular questions.
Each survey took around 60 to 75 minutes and took place at the respondent’s house or around
aquaculture ponds. Three to five interviews were conducted a day.
The household survey was prepared and revised over several rounds with my supervisors before
the second fieldwork. It was further amended after the qualitative steps (i.e. livelihood trajectory
interviews, FGDs, and community walks) and pilot surveys. This amendment did not change its
nature or design but removed unnecessary questions and revised others to better fit the local
contexts and elicit information from the respondents. The surveys had structured (using a
numerical scale) and unstructured (open-ended) questions to collect both quantitative and
qualitative data. There were three distinct parts: questions about household demographics and
socioeconomic backgrounds; questions on livelihood activities and outputs and adaptation

57

strategies; and questions about respondents’ perspectives on changes in the lagoon socialecological system and household wellbeing.
In order to enable a quantitative comparison of the differential impacts of the changes in the lagoon
SES to household livelihoods, questions were included that asked the respondents about relative
changes in their household wellbeing in the periods before aquaculture introduction, during the
aquaculture boom, and in recent years. To design survey questions for household wellbeing, I
referred to the Millennium Ecosystem Assessment (2005) that assesses the consequences of
ecosystem changes. Accordingly, the questions covered all five categories of the constituents of
wellbeing: security, basic materials for a good life, health, good social relations, and the freedom of
choice and actions. The respondents were asked to evaluate their household wellbeing on a fivepoint Likert scale, ranging from “strongly agree” to “strongly disagree” (refer to the household
questionnaire in Appendix 6 for more details). To collect the most relevant information
representing overall household wellbeing, 16 questions in the questionnaire covered all five
wellbeing components, as proposed by the MA framework. However, it is important to note that
the surveys did not cover nuanced subjective experiences and only captured the wellbeing
perceptions of an individual member (the respondent) of a household. The perceived wellbeing
indicated by a household head may not fully represent the wellbeing of other household members,
especially for the subjective dimension of wellbeing (Sen, 1993, 1999). In the social sciences, critical
scholars often ask: - does a household head speak for the household’s wellbeing? (Bookwalter et
al., 2006). Hence, it is true that in this study, by interviewing only the head of a household (or male
substitutes) , I most likely missed out on unique female perspectives of household wellbeing.
In this thesis, household surveys allowed me to collect both qualitative and quantitative data on
past and current livelihood activities and outcomes. Dividing the large community by
neighbourhoods and recruiting the participants from all the neighbourhoods ensured this study to
collect relevant data from all parts of the village. However, by following the random sampling
routes, I likely missed several marginalised households as they often had family member out for
work during the daytime.
2.3.7. Participatory workshop
The data collected using FGDs and household surveys were mainly based on individual experiences
and perspectives in each community. To obtain a better understanding of the lagoon SES dynamics
from shared experience and knowledge and to reconcile any discrepancies, a participatory
workshop was organised. In this study, the workshop had two main purposes: reviewing and
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refining the timeline of the lagoon SES development and refining the conceptual models (causal
loop diagrams, CLDs) representing the system structure and dynamics. Unlike the FGDs that
involved only one group of villagers (fishers or aquaculture farmers). The participatory workshop
engaged both groups from the two study communities.
In order to encourage the participants’ engagement in the workshop activities, a half-day workshop
took place in Hue city. The community leaders recommended that a venue in the city would entice
the villagers to join, and they would not be disturbed by local work commitments. It was held at
Hue University of Agriculture and Forestry. Of the 39 FGDs participants, 23 participated in the
workshop. The workshop activities and procedures are explained in detail in Chapters 3, 4 and 5.
In this study, the participatory workshop allowed participants to review, discuss and provide
feedback on results obtained from the interviews, household surveys, FGDs and participant
observations. It also helped me understand group prioritisation for intervention and management.
However, the participatory workshop required a well-equipped venue (having a projector, internet
connection and computers) and sufficient numbers of participants to gather at the same time. As
there were no suitable places in the study communities, I had to organise the workshop in Hue City.
2.3.8. Follow-up interviews
Some information and issues that emerged at the participatory workshop were clarified through
follow-up interviews with villagers as the last activity of the fieldwork. Four interviews with
representatives of each village (i.e. the community leader and the head of the Fishery Association)
who had previously participated in FGDs and the workshop were approached for the follow-up
interviews. The community leader and the head of the Fishery Association were selected because
they were considered knowledgeable and experienced persons who could provide insightful
feedback on ambiguousissues. In this study, I found that follow-up interviews proved a good way
to correct and reconcile any contradictory information. Each interview included two parts and took
about 120 to 150 minutes at the interviewee’s place (home, aquaculture patrol house). In the first
half, the respondent was asked to review the timeline, which identified key milestones of the
lagoon SES (Details in Chapter 3), and the conceptual models which represented the system
structure and dynamics of the lagoon (Details in Chapter 5). The second half focused on discussing
and validating the appropriateness of the identified systems archetypes that were relevant to
explain the long-term behaviour of the TGL SES.
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2.4. Data analysis
2.4.1. Qualitative data
Analysing qualitative data was an iterative process of preparation, organisation and interpretation.
Firstly, the interview records were transcribed in their original language (Vietnamese) to ensure
retention of the original meaning of terms used by the interviewees. Visual materials (timelines and
conceptual models) from FGDs were electronically re-drawn. Secondly, different sources of
qualitative data (transcribed interviews, notes from FGDs, community walks and participant
observations) were organised by the individual interviewee, group and study community. The
qualitative data was analysed for two main purposes: (1) examining SES system dynamics (building
adaptive cycles); and (2) investigating household livelihood trajectories.
For the first purpose, I read transcribed interviews in detail and noted significant changes in the
social-ecological system and their causes and effects relevant to each period in the historic
timelines mentioned by the respondents. I then used post-it notes to place the identified elements
from the interviews and notes from the FGDs, community walks and participant observations onto
the timeline to understand the characteristics of SES in each period. This approach allowed me to
identify transition points between phases in the adaptive cycles (Further details in Chapter 3).
For the second purpose, a narrative analysis was used to understand insights from the life stories
of the interviewees to explore livelihood trajectories. To identify the life story of each interviewee,
I followed the procedure developed by Emden (1998). First, the transcribed texts were read several
times. Notably, interview questions and comments were relegated to the background in order to
stay focused on the emerging core story. Interview transcripts were repeatedly read to understand
the flow of information and coherent core story that the interviewees wanted to tell. Furthermore,
to understand the dynamics of livelihoods over time (trajectories), resilience scholars commonly
identify factors (synonymous to drivers) contributing to vulnerability or resilience of livelihoods
(e.g. Orchard et al., 2016; Sallu et al., 2010). I manually noted drivers in two categories (resilience
vs. vulnerability) (see Table 4.5 for an example). Further details about analytical
frameworks/approaches are explained in Chapter 4.
2.4.2. Quantitative data
The quantitative dataset was obtained from census data sources (e.g. climatic and environmental
monitoring data) and household surveys. The analysis consisted of two main stages: data
preparation and analysis. First, data coding and entry, missing value checks and transformation
60

were carried out (Bhattacherjee, 2012). Data obtained from statistical sources (e.g. hydrological,
meteorological, water quality, fishery production, population) were first imported into Excel,
missing values checked and recorrected if necessary, then plotted in a series of figures to
understand the pattern of changes of relevant factors.
Statistical analyses of household surveys were used to examine the differences in livelihood
outcomes (household wellbeing) between groups of households in the study villages. The results
were used to complement the narrative description of different livelihood trajectories found in the
interviews. Firstly, surveys were classified into fishing or aquaculture households by village (HDPL
or V14). Secondly, data collected from the surveys were assigned relevant codes for each
item/variable. Questions with numerical answers (Likert scale, number of items, etc.) were entered
as they were, and questions with multiple-choice answers using assigned letters (a, b, c, d, etc.)
were converted to a numerical format (for example, a = 1, b = 2, c = 3, d = 4). Nominal data such as
livelihood activities and gender were also coded numerically, for example, 1 for fishing, 2 for
aquaculture. Coded data were then entered into Excel. The complete data sheet was doublechecked with the questionnaire and for outliers (values that were out of the range in the
questionnaire) in Excel, then checked for missing values in SPSS software (IBM SPSS 20). Initial
summaries of data (e.g. frequency, average income per household, the average area of aquaculture
pond per household, the average number of fishing gear per household, etc.) were calculated to
obtain a preliminary understanding using the completed Excel spreadsheet. Once checked for
accuracy, separate data sheets were extracted for statistical analyses. Depending on the specific
analysis and nature of the data, some pre-treatment (e.g. data transformation/standardisation) was
carried when necessary. For example, data of household wellbeing obtained from the household
surveys was standardised before statistical analysis were performed.
Third, both descriptive and inferential statistics were performed in SPSS. Descriptive statistics
(mean, range, median and frequency distribution) were used to compare the differences in
variables of interest between groups of households, as well as between communities. A series of
inferential statistics were used to examine whether differences in household demographic
backgrounds, economic condition (income) and wellbeing between groups of households were
statistically significant. Firstly, the Chi-square test for goodness of fit was used to determine
whether there were statistically significant differences in demographic characteristics (age,
education level, dependency ratio, and income) between respondents of the two household
groups. Secondly, the Chi-square test for independence (X2) was applied to assess associations
between household occupations (fishing vs. aquaculture) and perceptions of wellbeing. Thirdly, the
logistic regression test was performed to assess whether differences in current wellbeing, as
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appraised by the two groups, were statistically significant and how well the set of selected
indicators explained household wellbeing. Finally, an independent-sample T-test was performed to
examine whether the composite index and sub-indices of household wellbeing were statistically
different between the two groups. The inferential statistics, therefore, provided insights to explain
the descriptive findings. Further details and the methodological steps regarding the statistics are
explained in Chapter 4.
2.4.3. Data visualisation
In order to better visualise the findings obtained from the narratives and qualitative analysis, the
following graphic presentations were used. The adaptive cycle was employed to represent the
dynamics of the lagoon SES over five decades. (Details presented in Chapter 3). The multidimensional vulnerability framework was used to represent the dynamics of livelihood trajectories.
This framework provided a three-dimensional cube illustrating how the livelihoods of certain
groups of villagers have changed over time under the impacts of changes in the lagoon SES. Finally,
causal loop diagrams (CLDs) were employed to visualise the structure and interactions between the
lagoon social and ecological components. CLDs provided fundamental structures to identify system
feedback loops, system archetypes and high-entry leverage points for policymakers and resource
managers (Further details presented in Chapter 5).
2.5. Positionality
Positionality refers to the stance or positioning of the researcher in relation to
the social and political context of the study- the community, the organisation or
the participant group. The position adopted by a researcher affects every phase
of the research process, from the way the question or problem is initially
constructed, designed and conducted to how others are invited to participate,
the ways in which knowledge is constructed and acted on and, finally, the
ways in which outcomes are disseminated and published (Rowe, 2014, p. 2).
In the context of place-based research, it is advised that the researcher need to minimise the extent
to which she (or he) influences the views and interests of participants and the reported outcome of
the research (Ritchie & Lewis, 2003). Rowe (2014) concluded that the researcher positionality
should be viewed as an insider or outsider in relation to the study area and communities. I found
myself positioned both as an insider and outsider to the Tam Giang Lagoon.
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As a researcher trained in natural resources and environmental management and has worked for
the central government for ten years, I have a solid understanding of critical issues communities
are facing in coastal and marine SESs in Vietnam, particularly in the central coast. This knowledge
significantly helped me to define the ways of choosing the research topic, selecting the research
area, designing the research process and methodology, and selecting and recruiting the
participants. Having worked at a national research institute for a long time, I established
connections with governmental officials in charge of management tasks, scientists that have
conducted research and NGOs that have conducted development projects in the study region.
These networks assisted me in finding suitable ways of acquiring the necessary data. However, this
“insider” position shaped my understanding of only some well-known issues. For example,
secondary data from governmental reports had initially led me to focus on water pollution and
overfishing rather than critical issues like livelihood options. This changed after my first fieldwork
season and scoping visits and interviews with community leaders in the lagoon area. As a result, I
made relevant changes to the interview questions and household surveys to broaden the research
scope and deepen the research objectives. Moreover, I adopted a mixed-methods approach to the
research that allowed me to collect both secondary and primary data and triangulate them for a
better interpretation of the research outcomes.
As an academic researcher, at the beginning of the study, I considered myself an outsider because
I was not a member of a local study community and had no local contacts (villagers) prior to the
fieldwork. Having been located in Hanoi, > 600 km away from the study site, I had not visited or
conducted any research projects previously in the Tam Giang Lagoon. This position led to many
surprises about the ways the villagers practised livelihood activities (fishing, helping neighbours)
and several research constraints. Firstly, I had to build a rapport with the study community leaders
and respected elders in order to get introduced to the village participants. Secondly, I was advised
that parts of the villages had safety and accessibility issues. Thirdly, as the livelihood trajectory
interviews were conducted through a snowball sampling method, the experiences and perspectives
of certain groups could potentially bias the insights provided by the interviewees. Because of this
issue, I recruited a diversity of participants from all parts of the study communities to join the focus
group discussions, household surveys, community walks and the participatory workshop.
Furthermore, personal traits such as race, gender and social identity can shape relationships and
communications between the researcher and respondents. As I was raised in a rural province, I
could speak the local language and use local terms, so I used this skill to increase effective
communication. This helped me to understand the cultural context and social nuances during
conservations and interviews. In rural areas in Vietnam, men are usually the heads of households
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and are the first persons to speak to the guest. Being male, therefore, helped me to talk directly
with the heads of households, who usually make decisions relating to household economic activities
and livelihood adaptations. However, rural cultural norms and customs can also act as a barrier for
a stranger to purposively interview women. Moreover, being a stranger walking around the villages
was sometimes risky because villagers might think of a stranger as a thief or kidnapper if this had
been a previous experience. I, therefore, conducted fieldwork activities in the daytime
accompanied by a village leader or elders. Finally, although being a young researcher, it appeared
that the participants respected me and were willing to join my research activities, with certain
expectations. For example, they hoped my research would help convey their concerns and
messages to the management agencies. As a researcher, I always tried to respect these concerns.
However, to prevent the participants from exaggerating the issues that they confronted, I clearly
stated the scientific objectives and long-term impacts of this research and avoided making any
promises about its outputs, leading to changes at the TGL.
2.6. Human ethics and research approval
This research was approved by the University of Western Australia’s Human Research Ethics
Committee (Reference: RA/4/1/9363, Appendix 4). The risk assessment procedures were assessed
by the UWA School of Agriculture and Environment prior to the overseas fieldwork seasons. During
the fieldwork activities, all participants were provided with an information sheet in Vietnamese that
introduced the research aim, scope and activities. Before each data collection activity, participants
were asked for their oral consent. As rural people in Vietnam are hesitant to provide written
evidence of “involvement”, their oral consent was used (Appendix 5). All participants were assured
that their participation was voluntary and that they were free to withdraw at any time. In fact, a
few villagers declined the invitation to participate in interviews and focus group discussions
because they were busy at the time I visited to recruit them. At the beginning of each fieldwork
activity, I clearly stated that all data collected would be stored securely at UWA and used for
academic purposes only. Some parts of interesting interviews might be quoted, but personal
information would be kept anonymous and not used without their consent.
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3.Chapter 3. Tracing environmental and livelihood dynamics in a tropical coastal lagoon
through the lens of multiple adaptive cycles

This chapter has been published in Ecology and Society as:
Thanh, H. T., Tschakert, P., & Hipsey, M. R. (2020). Tracing environmental and livelihood dynamics
in a tropical coastal lagoon through the lens of multiple adaptive cycles. Ecology and Society, 25(1).
https://doi.org/10.5751/ES-11489-250131. [See Appendix 1]

Abstract
Understanding the long-term dynamics of social-ecological systems is critical to better inform
sustainable management. Since Holling’s adaptive cycle heuristic, published in 2001, substantial
progress has been made to explore historical changes in agricultural, pastoral, and forest systems.
Yet, the application of this heuristic in coastal fishery systems has been relatively rare. Using the
Tam Giang Lagoon in Vietnam as an example of a rapidly changing environment, we explore the
historical behaviour of this tropical coastal social-ecological system (SES), associated livelihood
pathways, and possible challenges for future livelihood adaptations through the lens of the
adaptive cycle metaphor. Our analysis demonstrates that the present lagoon SES condition is the
result of a series of historical events and reorganisation attempts through two complete adaptive
cycles. The lagoon’s future vulnerability is tied to the intensification of human uses, prolonged
ecological degradation, and intensifying climatic hazards. We show how the evolution of the lagoon
SES resulted in divergent livelihood pathways that bring benefits to some users but also cause
persistent constraints and sometimes irreversible losses to other users in shared common-pool
resources. A one-size-fits-all fishery management approach is, therefore, ill-suited for improving
diverse livelihoods. We recommend that fishery policies take the heterogeneity seriously in
livelihood pathways for sustainable lagoon management. We end by reflecting on the usefulness
of the adaptive cycle heuristic in systematically exploring historical dynamics and identifying
underlying drivers and feedbacks between the social and ecological components of complex fishery
systems.
Keywords: adaptive cycle; coastal lagoon; dynamics; livelihood pathways; social-ecological
systems; Vietnam
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3.1. Introduction
Livelihoods that depend on coastal fisheries in tropical regions are threatened by a range of
complex and interconnected forces, including socioeconomic, environmental, and climatic changes
as well as governance and management challenges (Charles, 2012; Cinner et al., 2012; Ding et al.,
2017; Millennium Ecosystem Assessment, 2005). Coastal communities depending on degraded
coastal ecosystems will likely be most susceptible to changes in system conditions (D. S. G. Thomas
& Twyman, 2005). Recent studies confirm a range of impacts from climate change on coastal
communities, including the reduction of fish stock (Allison et al., 2009; Lajus et al., 2017), the
erosion of fishery activities (Dulvy & Allison, 2009), and loss and damage due to extreme events
(Adger, 1999a; Pomeroy et al., 2006). Even if the global community could limit global warming at
1.5oC above pre-industrial levels by 2050, climate-related risks to livelihoods and human wellbeing
would persist around the globe, with numerous pressures to coastal areas (IPCC, 2018). However,
these impacts will be highly context-specific, depending on local socioeconomic, political, and
geographic configurations. It is well established that communities with diverse livelihood systems
are more resilient to external disturbances and changes compared to those that have less livelihood
alternatives (Allison & Ellis, 2001; L. Olsson et al., 2014; P. Olsson et al., 2014), with wealthier groups
typically coping better, taking advantage of changes to thrive (Hoque et al., 2018). In other words,
the same threats can cause differential impacts to individuals, groups, and communities regardless
of their level of development (Tschakert et al., 2019).
Given that climate change is not the only threat, neither to livelihoods nor to natural resources, a
combination of climate-induced risks with non-climatic stressors amplifies the vulnerability of local
livelihoods (Islam et al., 2014; Sumaila et al., 2011). Accordingly, rising temperature, changing
rainfall patterns, increasing ocean acidification, and changes in water quality will affect the
structures and ecological functioning of coastal ecosystems (IPCC, 2014), and marine species’
growth, distribution, recruitment and mortality (Drinkwater et al., 2010). Eventually, these changes
affect the livelihoods of resource-dependent communities (R. I. Perry et al., 2009).
In complex social-ecological systems (SESs), such as coastal fisheries, where the human system
strongly interacts with natural components (Liu et al., 2007; Ostrom, 2009), understanding the
characteristics of the various drivers and system variables3 is a prerequisite not only for identifying
the most urgent challenges to be addressed but also for identifying persistent problems for long-

3

In this study, we use the terms “drivers” and “system variables” interchangeably. Because dynamics of
coupled social-ecological systems are multi-scale dependent, and a SES rarely operates at one single scale,
drivers can be viewed as parts of the system under consideration.
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term solutions (e.g. see M. Elliott et al. (2017) for an overview in marine environments). Therefore,
it is helpful to distinguish fast-moving variables from slow-moving ones for prioritizing management
actions and resource allocation (Crépin, 2007; Sivapalan & Blöschl, 2015; Walker et al., 2012). Slowmoving variables tend to act steadily over time and progress in a predictable way, resulting in longterm and large-scale impacts (Msangi & Rosegrant, 2011). In contrast, fast-moving drivers are those
that typically have more influence in the short-term and at more local levels. The fast-moving
variables are usually of primary concern to resource users (Walker et al., 2012) since they may cause
sudden and obvious losses and damages to the system. However, long-term dynamics and
sustainability of complex SESs are strongly coupled with slow drivers or variables (Gunderson &
Holling, 2002). The interactions between fast and slow variables may lead a system to a more
resilient or vulnerable state (Holling, 1973), or make it co-evolve (Sivapalan & Blöschl, 2015). These
dynamics and scale interactions challenge traditional coastal management frameworks that
typically seek to identify drivers, pressures and responses of coastal environments in a linear
fashion.
Resilience thinking (Holling & Gunderson, 2002) has become a crucial foundation for investigating
dynamics within SESs, although often patchy and diverse forms of data make it difficult to apply
system principles. SESs are highly dynamic and respond to both internally generated and external
pressures (Schlüter et al., 2014). Scholarly and policy interest in SESs recognize the need to take
into account the two-way feedbacks between the social and ecological domains to better inform
sustainable development strategies (Cinner, McClanahan, et al., 2009; Mace, 2014). Given the
complex interactions between social and ecological components, a case study approach to examine
place-based realities can help inform broader conservations about how systems are functioning
and build consensus about management (Cristina et al., 2018; Schlüter et al., 2014).
Using the Tam Giang Lagoon in Vietnam as an example of a rapidly changing SES, our study
addresses four key questions: 1) How has the lagoon SES evolved in responding to the impacts of
socioeconomic, environmental, and climatic changes?; 2) How did these changes affect the nature
of the social-ecological interactions through adaptive processes?; 3) How did different groups of
resource users benefit or face new risks related to these social-ecological changes?; and 4) What
are the likely challenges for future livelihood adaptation? To provide answers to these questions,
we synthesize historical information, available current data, and empirical insights from fieldwork
regarding the lagoon SES and convey these insights through the metaphor of the adaptive cycle
(Holling 2001).
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This study offers insights into SESs research, and the management of fishery systems, in two ways.
First, research to date has focused almost exclusively on dynamics and characteristics of the social
and ecological components of SESs (Aldana-Domínguez et al., 2018; Antoni et al., 2019; Salvia &
Quaranta, 2015), with limited explicit attention to differences and heterogeneities in livelihood
pathways associated with SES changes. This study examines such heterogeneities within the lagoon
system, demonstrating how and why groups have pursued different paths and how such an
understanding can enhance the efficacy of fishery management and policy interventions. Second,
our research makes visible the many nuances, interactions, and feedbacks between the social and
ecological system components over >100 years that help to fine-tune the application of the
adaptive cycle heuristic in fishery-based and other common-pool resources worldwide.
3.2. The adaptive cycle as a heuristic for analysis
The concept of the adaptive cycle with its four phases (Figure 3.1) was developed by Holling (1986)
to explore the dynamics of complex systems under external disturbances and changes (Daedlow et
al., 2011). A system moves slowly from the growth phase (r) to the conservation phase (K) in the
forward loop of the cycle where the dynamics of the system are reasonably predictable (Walker et
al., 2004). In the K phase, the system becomes more vulnerable, less resilient and responsive to
external disturbances (Walker et al., 2004). The system can then rapidly progress to the collapse
phase (Ω), and eventually to the reorganisation phase (ɑ). In contrast to the change from r to K, the
shift from Ω to ɑ occurs in the back loop and is unpredictable (Walker et al., 2004). According to
Holling’s theory, an SES is generally more resilient in the growth and reorganisation phases but less
resilient in the conservation and collapse phases, due to its reduced capacity to absorb and resist
external shocks and to maintain its structures and identity (Hobbs & Allison, 2004). In a dynamic
SES, minor disturbances may trigger transitions between adaptive phases when they occur in the
low-resilience phases. The system can return to the previous r phase to begin a new cycle, or
possibly shift to different states or regimes (Rasmussen & Reenberg, 2012) where the system loses
its original structure, functions, feedbacks and identities (Biggs et al., 2018; Crépin et al., 2012).
Regime shifts are often large, persistent, and unexpected changes in coupled SESs, inducing major
impacts on ecosystem services with considerable consequences for human wellbeing (Biggs et al.,
2018; Rocha et al., 2015; Rocha et al., 2018; Scheffer et al., 2009). From a social-ecological
perspective, the use of the adaptive cycle heuristic is therefore helpful in understanding dynamics
of system changes and how these changes interact with system resilience to drive a SES to a more
or less vulnerable point for an imminent regime shift.
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This heuristic of the adaptive cycle is not a predictive model, and phases do not always progress
sequentially (Abel et al., 2006). A system does not necessarily pass through all four phases of each
cycle and can possibly move from and between phases (Folke et al., 2004; Walker et al., 2004).
Furthermore, the duration of each phase or cycle varies depending on the resilience of the system
itself and the magnitude and interaction of external shocks and disturbances. A system could take
decades to move from conservation to collapse but may only need one year to reach reorganisation
from collapse; alternatively, a system could remain for decades in one cycle but then rapidly
transition into a new cycle in just few years (Antoni et al., 2019; Goulden et al., 2013).

Figure 3.1. The adaptive cycle showing four phases (r, K, Ω, ɑ) of adaptation. Short arrows indicate
a slowly changing situation; long arrows indicate a rapidly changing situation (adapted from
Gunderson and Holling (2002)).
Although the adaptive cycle was initially developed for ecological research applications, it has also
proven useful for investigating the dynamics of SESs (Abel et al., 2006; Walker et al., 2004). The
metaphor of the adaptive cycle is arguably the most holistic method and hence is widely applied in
interdisciplinary research. Hobbs and Allison (2004) used this metaphor to conceptualize the
dynamics of the Western Australian agricultural region and identify its capacity for system renewal.
Their study involved not only the ecological and social but also the economic domains to investigate
system behaviour over 100 years. Nkhata et al. (2008), based on a literature review of the adaptive
cycle metaphor, proposed a conceptual framework for analyzing changes in long-term social
relationships in relation to SES management. Beier et al. (2009) applied the adaptive cycle in
combination with historical narratives to trace dynamics and examine changes in forest
management and land use policy in the Tongass National Forest in the U.S. Abel et al. (2006)
employed resilience theory and the adaptive cycle heuristic to identify critical factors, precipitating
the collapse and reorganisation phases of regional SESs in Australia and Zimbabwe. Although their
study was unable to clearly identify the sequential passage of cycles as implied by Holling’s theory,
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it nonetheless revealed that the resilience of the systems was controlled by slowly changing
variables. Other studies have applied the adaptive cycle in quantitative ways. For instance, Daedlow
et al. (2011) quantitatively distinguished phases in recreational fisheries governance in Germany.
They highlighted the importance of social identity and intergroup dynamics in reorganisation and
adaptation processes. Rasmussen and Reenberg (2012) identified changes in land use in a Sahelian
agro-pastoral system and quantified specific indicators to assess overall system resilience.
Whilst there is ample evidence of the usefulness of the adaptive cycle heuristic, further research
can sharpen our understanding of processes of change in SESs across diverse geographical and
policy contexts, and guide adaptation strategies against future pressures. We, therefore, argue that
a case study approach applying the heuristic to scrutinize small-scale and rapidly progressing
systems is indeed valuable, although assembling information on the system to explain the evolving
large-scale system can be challenging (Leenhardt et al., 2015; Teuber et al., 2017). In the following
sections, we map data for a coastal fishery-based SES in a developing Asian nation onto the adaptive
cycle framework and subsequently use emerging insights to delineate future adaptation priorities.
3.3. Study site and methods
3.3.1. The Tam Giang Lagoon
The Tam Giang Lagoon is a large, high-value and multi-use coastal wetland area in central Vietnam
with ~220 km2 water surface area (T. H. Tuan et al., 2009; Tuyen et al., 2010). It is formed by three
interconnected sub-lagoon systems, expanding 70 km in length along the coast and 2-5km in width,
across five districts in Thua Thien Hue province (Figure 3.2). The lagoon is currently connected to
the sea through two inlets, but over time has been significantly modified by floods and typhoons,
especially the flood of 1999 (T. D. Thanh, 2002). The combination of the inlets’ dynamics with
complex tidal regimes has caused unstable ecological conditions and significantly destabilized bioresources in the lagoon (T. D. Thanh, 1997). Notably, the closure of the largest inlet, Tu Hien,
between 1994 and 1999, resulted in detrimental impacts on water quality, biodiversity, and
brackish water aquaculture (T. D. Thanh, 2002).
Being situated in the downstream floodplain area, the lagoon water environment and productivity
also highly depend on inflows from rivers on the western side of the province. It is estimated that
~6x109 m3 of river water and 620,070 tons of suspended sediments are annually discharged into
the lagoon (Quan et al., 2016; T. D. Thanh, 2002). The lagoon and its catchment are characterized
by a tropical monsoon climate with high annual rainfall, average temperature and humidity
(3,332mm, 25.5oC, and 87.5%, respectively) (Thua Thien Hue Statistics Office, 2016).
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Figure 3.2. Map of the Tam Giang Lagoon and study sites (adapted from Tuyen et al. (2010)
The lagoon plays an essential role in local economic development (Figure 3.3) and biodiversity
protection. It consists of diverse habitats including seagrass, mangrove forests, and shallow tidal
and swampland ecosystems, and is home to >1,000 plant and animal species (Quan et al., 2016; L.
X. Tuan, 2012). Its resources support approximately half of the provincial population (~500,000
persons) whose livelihoods rely entirely or partly on fishery-based activities (Thua Thien Hue
Statistics Office, 2016). Until 2005, the lagoon was an open access area where anyone was allowed
to catch fish, with no regulation or restriction regarding fishing gear. As a result, fishers employed
several types of methods, including highly destructive practices (e.g. tiny mesh size nets, electric
fishing gear, bottom trawling gear) (International Union for Conservation of Nature, 2008).
Exploitative fishing practices, along with poorly defined property rights on the lagoon water area
and adjacent lands, resulted in unsustainable aquatic resource usage and intra- and inter-village
conflicts, both of which ultimately eroded fishers’ livelihoods and wellbeing (Huong & Berkes,
2011).
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Figure 3.3. Changes in population and land use (a), the contribution of the lagoon to the local
economy (b), and fish catch and aquaculture yields (c) in the Tam Giang Lagoon4.
3.3.2. Data collection
This study combines primary and secondary data about the lagoon SES collected during two
fieldwork campaigns (10/2017 – 1/2018, and 12/2018 – 2/2019). A mixed-method approach was
adopted, comprised of scoping visits, semi-structured interviews, focus group discussions,
participant observation, and participatory workshops and follow-up interviews.
3.3.2.1. Primary data
Ten scoping visits were undertaken to communities around the lagoon to identify suitable sites for
data collection. Two lagoon communities were ultimately selected, namely Ha Do Phuoc Lap (HDPL)
and Village 14 (V14) in Quang Dien District, Thua Thien Hue Province (Figure 3.2). These two villages

4

Data from various sources (N.Q.V Binh, 1996; Disperati & Virdis, 2015; HSO, 2000, 2005, 2010, 2016).
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engage in both fishing and aquaculture but represent the lagoon’s two predominant livelihood
groups - inland and coastal - each with distinct social-ecological characteristics. All conversations
were held in Vietnamese, with the help of a local assistant. All interviews were audio-recorded with
participant consent and transcribed for basic content analysis.
Semi-structured interviews were conducted with individuals in each community to elicit
characteristics and changes of the local SES and establish trustworthy working relations for
subsequent research activities. Taking into account the size of the population in each village, 17 and
14 interviews were conducted in HDPL and V14, respectively (n=31) (Table 1). Community leaders
were approached first, then additional participants through snowball sampling. The semistructured format ensured that all key questions were addressed while providing ample space for
interviewees to freely express their own experience and knowledge (Ritchie & Lewis, 2003). The
interviews covered household livelihood activities, changes in the lagoon SES, and associated
adaptive responses.
Two focus group discussions (FGDs) per community were organized separately for households
whose dominant livelihood was either fishing or aquaculture, with nine to eleven villagers,
respectively, representing different socioeconomic and demographic backgrounds (n=39) (Table
3.1). This design made it possible to capture a representative cross-section of local residents and
avoid bias through overly influential individuals. Each FGD consisted of two parts: First, participants
constructed a timeline of social-ecological development from the 1970s onward (Brattland et al.,
2019). On a large paper, they indicated key milestones of change in environmental and ecological
conditions, livelihood activities, and governance structures, based on discussion and consensus.
Second, mental models (Tschakert & Sagoe, 2009) were used to systematically identify and
deliberate key events and drivers of change, their interactions, causes, and consequences for
ecological and livelihood dynamics, and adaptive responses and future trends.
In addition, several transect walks accompanied by villagers were undertaken to households, local
markets, communal water areas and aquaculture ponds to understand the lagoon environment,
community-built infrastructure, and farming and other livelihood practices.
Finally, a participatory workshop was organized in Hue City in January 2019 to review and discuss
preliminary results. It involved 23 participants representing both communities, most of whom had
been part of preceding research activities. Four follow-up interviews were conducted with selected
workshop participants to address outstanding questions and inconsistencies.
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Table 3.1. Summary of characteristics of participants in interviews and FGDs
Interviews

FGDs

Participant characteristics
HDPL

V14

HDPL

V14

Total number of participants

17

14

20

19

Gender

Male

16

13

15

17

Female

1

1

5

2

Range

34-77

33-71

34-77

28-70

Average

51

54

52

46

Fishing

8

5

10

11

Aquaculture

9

9

10

8

Age

Main occupation

3.3.2.2. Secondary data
Time series of climate and hydrology data were collected from the Vietnam Center for HydroMeteorological Data. Water quality data was obtained from the Department of Natural Resources
and Environment, peer-reviewed publications, and project reports. Socioeconomic data such as fish
catch yield, aquaculture and agriculture production, and demographic characteristics were
collected from the Departments of Fishery and Statistics of Thua Thien Hue Province. These timeseries data were synthesized to assess long-term trends in SES conditions of the lagoon.
3.3.3. Adaptive cycle construction
The first author began by developing a historical timeline, depicting key events and milestones
where the SES had undergone significant changes, based on the FGD results. Within each period in
the timeline, the main characteristics of the lagoon were identified, with particular emphasis on
ecological conditions, community livelihood activities, and adaptations to disturbances and shocks.
Then, insights obtained from the semi-structured interviews were used to complement the
timeline. Contradictory information was further discussed and reconciled during the participatory
workshop and follow-up interviews. In addition, time-series data were plotted to illustrate the
dynamics of change and system behaviour in the social and ecological components of the lagoon
system. Because there has not been a standard method or guideline to identify exact transition
points between phases of an adaptive cycle, we followed some recent studies (e.g., AldanaDomínguez et al., 2018; Antoni et al., 2019) and largely relied on the timeline constructed with the
participants to distinguish individual phases. Accordingly, phases were distinguished by decisive
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events and/or changes that had induced transitions in the system states and had driven the system
through the adaptive cycle. Decisive events encompass catastrophic disturbances (significant floods
or typhoons), new policies, institutional changes, new practices, and biophysical changes (Antoni
et al., 2019; Fath et al., 2015; Ostrom, 2003). Finally, we illustrated nuanced changes and key
features in the socioeconomic conditions of the communities associated with each phase.
3.4. Results
3.4.1. The adaptive cycle of the Tam Giang fishery system
Linking information obtained from the interviews and FGDs as well as secondary data with the
adaptive cycle framework helped explain the lagoon SES evolution, the role of key drivers in
triggering transitions and the core features of the phases (Figure 3.4). The following provides a
narrative description of relevant phases in the Tam Giang Lagoon SES.
Early growth 1 (r1): Customary fishery management (Pre-1954)
Historically, the lagoon surface constituted a communal property. The lagoon management was
based on a customary approach whereby the government relied on the traditional community of
fishermen [van] to oversee fishery activities. The lagoon resources were mainly exploited for the
van’s subsistence livelihoods and used in exchange for cereal products from nearby agricultural
villages. A van was established by a group of ~40-70 households living on fishing boats in close
proximity (Nuyen Q V. Binh, 1996; N. H. Nguyen & Kim, 2011). Each van was administratively
assigned to join a nearby agricultural village for demographic management and fishing fee
collection. The agricultural village organized an annual auction among the van for the rights to
exploit lagoon resources in its territory. The van leader collected a contribution from each of his
members to pay the fishing fee. The van had its own regulations to support its members’ lives,
controlling fishing time and gear, and unsustainable fishing activities. It followed a relatively
nomadic life while navigating different fishing grounds, depending on the movement of fish and
weather conditions. This lifestyle helped build strong social cohesion among fishers and
communities in resource usage and protection (N. H. Nguyen & Kim, 2011). The van had its foremost
power in managing the lagoon resources as emphasised by villagers “Phep vua thua le lang” (The
King’s law comes after the village’s customs).
Late growth 1 (r1): Quasi-capitalistic management during the Vietnam War period (1954-1975)
The lagoon resource usage experienced its first significant and well-documented change during the
Vietnam War (1954-1975) as the lagoon surface was allowed to be owned and leased out by
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individuals through auctions (N. H. Nguyen & Kim, 2011). District governments organized annual
auctions open to everyone; however, most fishers, usually van members, were not able to compete
because of limited financial capacity while the wealthy (i.e. landlords, government officials) often
won bids. Winners then leased out their usage rights to several vans, based on negotiations with
van leaders. In this period, exploitation rights were therefore controlled by the auction winners,
and fishers generally had to pay a much higher fishing fee relative to the past. This new
management approach significantly changed the system as annual fish catch increased
considerably and peaked at 4,500 tons in the late 1970s (Mien, 2006). Since auctions were renewed
annually, the new winners then asked for higher fees from each van, spurring an increase of fishing
effort.
Collapse 1 (Ω1): Reluctant settlement and weakening customary fishery management (1976-1985)
After the war, the country drifted towards socialism. This new political paradigm rapidly changed
the economy and production structures, with several changes directly affecting the lagoon
management and fishery livelihoods. Accordingly, fishers of the van were forced to settle in nearby
agricultural villages and join agricultural cooperatives and undertake farm labour. Agricultural
cooperatives were formed without sufficient considerations of customary community-based
resource management practices (Ruddle, 1998). Fishers were faced with the practical challenge of
carrying out farm jobs, with little to no experience and knowledge regarding crops, diseases,
seasonal calendars, and harvest techniques. In addition, the mechanical structure and operation of
the agricultural cooperative system limited the flexibility and creativity of fishers and farmers (Cox
& Le, 2014; C. Raymond, 2008). New livelihood practices also undermined the social cohesion
among former fishers and eroded their fishing expertise. Therefore, fishers gradually left
agricultural lands to return to their fishing activities, after a few unsatisfactory years of farm work
(N. H. Nguyen & Kim, 2011). During this period, the government paid little attention to lagoon
resource management (Ruddle, 1998), and fishers were again able to freely exploit the lagoon. Yet,
the former van regulations on aquatic resource usage and protection were not as strictly enforced
as previously. Hence, the power of customary management started to significantly erode.
At the same time, fishers adopted and expanded more effective fishing gear (e.g. fish corrals,
aggregating devices) to increase catch yield. However, as the country’s economy was supposedly
self-sufficient (N. H. Nguyen & Kim, 2011), both fishery and agricultural products had extremely
limited markets and were mainly traded locally. This bottleneck favoured the development of a
bartering system between fishery and agricultural communities around the lagoon. Fishers, usually
women, brought fish and shrimps to agricultural communities in exchange for cereal products
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based on reciprocal demand. The bartering in the Tam Giang Lagoon differed from bartering
elsewhere (Machado, 2018) as there were neither fixed places/markets nor specific times for
exchanges; instead, fishers would go around the villages to find their “customers”. This fish-for-rice
exchange bolstered social connections between fishers and farmers, which subsequently provided
a support network during ill-fated times, such as during natural hazards or failed harvests. In fact,
three severe natural disasters harmed the lagoon areas, causing 1,029 human deaths, 349 injuries
and hundreds of disappearances (DaCosta & Turner, 2007). There is no reliable record for property
loss or damage; however, according to eyewitnesses, thousands of houses and other physical
structures (dykes, ponds, fish corrals, etc.) were destroyed.
Reorganisation 1 (ɑ1): Planned resettlement and national economic reform (Doi moi) (1986)
After the most detrimental of these disasters (Typhoon Cecil in 1985), the government launched a
resettlement program to reduce future damages and losses. Every household was allotted an area
of land of 300 m2, regardless of demographic characteristics. In 1986, a massive migration of fishers
and families from boats onto land began, not surprising given their typhoon experiences. This
resettlement quickly helped establish new social networks between newcomers and native
villagers. Although social trust took time to be formed, bonding and linking social capital soon
materialized (DaCosta & Turner, 2007). Fishers were successfully settled into their new villages.
Major changes affecting the lagoon SES came from the 1986 national economic reform policy. Ten
years after the reunification (1975-1985), Vietnam was facing an extreme economic crisis due to
low production of key sectors and a high inflation rate (700%) (M. Raymond, 1997). Therefore, at
the Sixth Nation Congress of the Communist Party in 1986, the Vietnamese government introduced
and approved a comprehensive economic reform, known as Doi moi (Innovation) to ultimately
increase production, open markets, and promote international trading. Under Doi moi, agricultural
cooperatives were quickly reformed as the government recognized market forces in the operation
of cooperatives, allowing individuals to independently operate their production activities. Due to
this policy, fishers and farmers were allowed to own parts of the lagoon surface for fishing
purposes. This engendered major changes in the lagoon as many fishers then had the right to build
concrete structures (fish corrals) on the water (known as fixed-fishing gear). Most importantly,
fishers gradually split into two distinct groups: fixed-gear fishers who owned fishing gear
permanently attached to lagoon areas, and mobile-gear fishers who conducted fishing activities
along the shores of the lagoon.
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Growth 2 (r2): Start of aquaculture and rising use of modern fishing gear (1987-1998)
Soon after resettling, some fishers started experimenting with aquaculture, in simple ways. Juvenile
shrimp, crabs and small fish caught were stored in a net or bamboo pond in the lagoon for a few
months without providing any manufactured feeds. These species consumed only natural food to
grow, and therefore no investment was needed, only labour. This simple method brought high
profits to fishers, and it rapidly expanded to become a popular livelihood activity. Aquaculture
developed further into the 1990s when an aquaculture company succeeded with an intensive giant
tiger shrimp production in one village (Thuan An). At the same time, the success of local nursery
centres in producing tiger shrimp juveniles significantly changed traditionally extensive
aquaculture. Fishers first applied the intensive aquaculture model in unproductive agricultural land
areas adjacent to the lagoon. However, aquaculture ponds quickly expanded over the lagoon banks
due to high profit (Mien, 2006). In the meantime, many fish corrals on the lagoon were temporarily
converted to net-ponds to pursue aquaculture, which had not been done before. This expansion
continued for several years until the lagoon space was densely covered by ponds, nets, and other
fishery structures. This diversified approach increased aquaculture in the lagoon by 80-fold from
1990 to 1998 (from 20 ha to ~1,600 ha) and up to 200-fold by 2006 (~4,500 ha) (Thua Thien Hue
Statistics Office, 2005, 2010). Large areas of the lagoon became privatized, divided between three
distinct groups: mobile-gear fishers, fixed-gear fishers, and aquaculture farmers.
The national economic reform rapidly opened the door for technology transfer into Vietnam. During
this period, the appearance of modern materials and fishing equipment such as nylon nets and
electric gear dramatically (Boonstra & Hanh, 2015; Boonstra & Nhung, 2012; Hanh & Boonstra,
2018) increased fish catch yield due to capture efficiency. One research participant noted that “…
since nylon nets were introduced in our village, it helped save a lot of initial money and incredibly
increased fish catch …” (Community leader, HDPL, 60 years old). According to Nuyen Q V. Binh
(1996), this period witnessed a significant increase in fish corrals from 450 sets in 1984 to 1,529
sets in 1993. The availability of modern fishing equipment also helped fishers diversify their
livelihood activities by creating more types of fishing gear to catch assorted and higher value species
as demanded by expanding markets. It is estimated that there were 32 types of fishing gear used
in the lagoon at that time (Mien, 2006), and most of these were invented or improved during the
period of nylon net appearance.
Conservation 2 (K2): Aquaculture and resource boom (1999-2003)
A catastrophic flood in 1999 brought new livelihood opportunities, despite its detrimental impacts
on the lagoon communities. This flood significantly widened the two existing inlets (Tu Hien and
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Thuan An) and opened a new one (Hoa Duan). This led to changes in the hydrological regime of the
lagoon, consequently improving the water exchange between the lagoon and the sea after a long
period of closure. This process increased the water salinity and increased flushing due to faster
currents (Andrachuk & Armitage, 2015), thereby favouring a brackish water environment. Yet, it
also reduced water pollutants that had been trapped in the lagoon due to aquaculture ponds and
fishing structures. As a result, fish stock and other bio-resources rapidly improved (Japan
International Cooperation Agency, 2003), especially salt-water-tolerant species5 that had higher
market value. Following the flood, both fishers and aquaculture farmers arguably had the highest
harvest of their careers, lasting for three to four years (also confirmed by Andrachuk and Armitage
(2015)).

5

Black tiger prawn (Penaeus monodon Fabricius)
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Figure 3.4. Summary of the adaptive cycle showing the evolution of the Tam Giang Lagoon SES
and the phase characteristics from the 1950s to 2019. Blue and red arrows indicate the starting
and ending points of each cycle, respectively. Continuous arrows illustrate past phases, and
dashed arrows imply possible future phases.
Besides the advantages brought by the natural environment, socioeconomic factors also
contributed to the success of local livelihoods. Increasing shrimp export demand and a series of
supportive governmental policies (Nayak et al., 2016) led to a rapid expansion of aquaculture areas
and a surge in the number of villagers joining aquaculture (Figure 3a). Accordingly, large areas of
fishing grounds, fish corrals, and substantial agricultural land adjacent to the lagoon were converted
to aquaculture ponds shortly after these policies were issued. In our two study communities, most
villagers were engaged in aquaculture during this time. The aquaculture wave peaked in the mid80

2000s when villagers not only invested their own financial capital but also took loans from local
banks and other financial sources to pursue aquaculture. With growing experience, aquaculture
took off at an industrial level, including some commercial companies and process factories to
streamline exports. The expanding brackish water conditions in combination with higher market
prices, gave rise to the use of more efficient fishing gear, especially long-bottom steel frame traps,
locally known as lu (Figure 3.5). Although catch yield in this period was not as high as in the 1970s,
due to stock degradation, there was nonetheless a remarkable increase over time (Figure 3c).
Collapse 2 (Ω2): Aquaculture diseases, over-exploitation of resources, and destructive fishing gear
(2004-2007)
The rapid expansion of aquaculture and insufficient management accelerated the accumulation of
pollution, degradation of water quality (Figure A1.1) and the emergence of aquatic diseases. Whitespot and yellow-head were two common diseases that caused mass prawn (black tiger prawn)
deaths across the lagoon; they first occurred in some few aquaculture ponds; however, as farmers
had no disease knowledge, they freely drained contaminated water into the lagoon without any
treatment or warning to their neighbours. This rapidly disseminated disease vectors across the
whole lagoon, transferring diseases to other aquaculture ponds, and reducing wild species in the
lagoon. Since no efficient guidelines from government agencies were issued to address the crisis,
farmers re-grew stocks after every disease collapse. Many interviewees mentioned that they would
re-grow three to four times in a typical season in response to disease losses. Aquaculture farmers
experienced the most difficult time, being indebted with no prospect to repay their loans. Most
farmers in HDPL are still indebted today due to aquaculture development loans they received in the
2000s, and the collapse of stocks through disease has had a dramatic consequence for community
livelihood activities. Many villagers had to leave their homeland in search for other work to pay
back the loans. Some came back to take up aquaculture again around 2008/2009, after the collapse,
and when a new farming model emerged (the multispecies polyculture farming model).
Fishing-based households faced arduous times too. Water quality became extremely degraded as
a result of the high density of aquaculture ponds and fish corrals. Poorly managed fish corrals in
deep lagoon water prevented water flow and exchange with the sea, leading to an accumulation of
pollutants and sediments and a rise in eutrophication (Marconi et al., 2010). Reduction in water
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exchange also intensified aquatic disease prevalence for wild fish and decimated fish stocks since
the disease vectors were retained longer in the lagoon6.
Nonetheless, the escalation inefficient yet destructive fishing gear usage was likely the principal
cause of the fish stock decline. While electric gear and trawling destroyed ecological habitats, lu
harvested all sizes of fish and other productive bottom-feeding fish species (Andrachuk & Armitage,
2015) that play an important role in ecological reproduction. Since its introduction, lu became a
widely applied tool to fish in the lagoon. As noted in our focus group discussions: “…millions of lu
are used by almost all groups of fishers across the lagoon. Everyone uses lu to catch fish”. Such
overfishing is reflected in statistical data since the mid-2000s to the present (Figure 3.3c). In the
1970s, when fishers still used simple gear made from bamboo and wood, the annual fish catch
amounted to 4,500 tons (T. D. Thanh, 1998a) but it decreased to around 2,000 to 3,000 tons after
the 1990s (Department of Fisheries, 2014).

Figure 3.5. Most common fishing gear (lu) currently being used in the Tam Giang Lagoon. A newly
made single lu (left) and fishing boats with lu being used by fishers (right). (Source: author’s
pictures.
The expansion of aquaculture and fish corrals fuelled the privatization of lagoon surface water while
limiting major fishing grounds available for mobile-gear fishers. This fact amplified social conflicts
between aquaculture farmers and fixed-gear fishers on the one side and mobile-gear fishers on the
other side, mainly over spatial usage rights of the lagoon (Andrachuk & Armitage, 2015). While the
government had no effective solutions against the decline of the lagoon SES, villagers tried various

6

According to interviewees, black tiger prawn, giant mud crab and grass carp in the inland-sided aquaculture
areas were the most affected species by water pollution because these areas had limited water exchange
with the sea.
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strategies to survive during this difficult period. It was common for households to divide their labour
force across different jobs, allowing women and young children to stay in the village and pursue
extensive aquaculture and fishing for subsistence purpose while men migrated to urban areas to
earn income. As a result, the population of the lagoon communities experienced a notable decline
after a long progressive increase (Thua Thien Hue Statistics Office, 2005, 2010).
Reorganisation 2 (ɑ2): New farming model experiments, community-based management, and rearrangement of fishing structures (2008-2012)
Aquaculture farmers were seemingly trapped due to the risk of aquatic diseases. Some pioneers
travelled to adjacent provinces to learn new aquaculture models and replace their mono-species
cultivation. Pilot experiments of new multispecies polyculture already occurred around 2006/2007;
however, successes were not noted until 2008. In this new model, farmers cultivate different
species in the same pond with consideration for ecological habitat differences and growth
characteristics of each species. Generally, one pond would include three main species: fish, shrimp,
and crabs. By cultivating different species rather than concentrating on shrimp (too sensitive to
environmental variation and prone to diseases), farmers were able to spread the harvest season to
maintain good prices for aquaculture products. Although this new model did not generate profits
as high as intensive shrimp cultivation, farmers still recognised its suitability to the water conditions.
Mono-species aquaculture continued to be practised in parallel with polyculture farming, but only
in specific planned areas by the local government.
Beginning in 2008, the provincial and district governments issued and implemented several fisheryrelated policies aimed at improving lagoon water quality and ecological recovery by removing
fishing structures that prevented water exchange between the lagoon and the sea. The most
effective policy concerned the removal and rearrangement of fish corrals in the entire lagoon
surface between 2008 and 2011 (Thua Thien Hue Provincial People's Committee, 2008, 2010a,
2010b, 2011). Within four years, nearly 50% of the fish corrals (757 sets) occupying approximately
800 ha were completely removed from the lagoon, and the remaining ones were relocated to widen
water flow and enhance aquatic habitat recovery (Table A2.1). The government provided a range
of support and allowances to the affected farmers, such as up to a six-month rice allowance,
financing for transferring to other jobs, and vocational training for young farmers. However, only a
few farmers followed this opportunity to diversify their livelihoods to less resource-based activities
such as buying a market kiosk to trade fishery products or opening a grocery shop. Other policies
specifying fishing gear to be legally allowed or banned were also issued.
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Despite the application of several management efforts and policies, the lagoon resources and
environment experienced continued degradation due to poorly defined property rights, social
conflicts over resource competition and overfishing (also confirmed in Chi et al. (2018b) and Huong
and Berkes (2011)). Recognizing the problems in the lagoon, the local government finally changed
the fishery management system, encouraging community participation. In 2009, the first Fishery
Association (FA) was established in the lagoon’s south, which was a milestone for the development
of a co-management system. Each FA was assigned to manage its fishing territory and activities and
to mediate conflict among members, striving for the sustainability of the lagoon ecosystem and
community livelihoods. By the end of 2016, 47 FAs were established, with rights allocated to use
and manage > 85% of the lagoon’s surface (~16,000 ha) (Department of Fisheries, 2016). Although
FAs have not yet reached their full potential, they have improved responsive awareness among
fishers and farmers in protecting the lagoon environment and have opened a channel through
which to convey community concerns to the government.
In addition, the government established no-take habitat protection zones 7 to facilitate the lagoon’s
ecological recovery. In each zone, different hard structures were put in place (e.g. concrete pipes,
tree bundles) to promote aquatic resources reproduction. Annually or seasonally, the Department
of Agriculture and Rural Development will release juveniles to these zones to increase the lagoon’s
fish stock. A total of 23 such zones covering 615 ha were established between 2009 and 2016
(Department of Fisheries, 2016).
Early growth 3 (r3): Success of new farming systems: multispecies polyculture and cross-flooding
aquaculture (2013-2019)
Currently, the lagoon SES is dominated by multispecies farming systems and the lingering use of lu.
After several years of experimentation, the multispecies polyculture farming model is now well
stabilized and highly successful. Almost all interviewed aquaculture farmers have changed their
farming system from monoculture to polyculture, and this innovative farming model has helped
reduce pollutants in ponds as benthic (bottom-dwelling) species can recycle the food left by the

7

No-take habitat protection zones were established based on co-management mechanism. Department of
Fishery (DOF, provincial level) first conducted feasibility studies to identify suitable zones. DOF then organised
several meetings for members of Fisheries Associations (FAs) to discuss the suitability of these zones in their
fishing grounds. Upon the agreement of members of FAs, DOF, FAs, commune governments, Department of
Agriculture and Rural Development (district level) worked together to define and map the boundaries of notake zones. Finally, DOF submitted a report including maps of no-take zones for the provincial government to
approve. Each zone was assigned to be managed by a FA with its own regulations.
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surface (pelagic) species. The risk of aquatic diseases is now much lower than during times of
intensive shrimp cultivation.
Facing decreasing water salinity, some aquaculture farmers are now developing an even more
advanced farming model called “cross-flooding aquaculture”. This approach is also based on
polyculture principles, but it is more economical and environmentally adaptive. It helps fish
continue to grow during the rainy season when the lagoon water salinity and temperature would
otherwise be too low, by drilling onsite wells to extract saline water from the underground aquifers
to the ponds. Participants in V14 strongly agreed that this model had boosted their livelihoods and
wellbeing. Income from recent aquaculture helps them to pay back old loans and rebuild their
houses. Given the model’s economic value, the commune government is planning to convert 4.3
ha of unproductive agricultural land to aquaculture (Quang Cong Communal People's Committee,
2018). However, it is cautiously noted that cross-flooding aquaculture is not suitable in all areas of
the lagoon, especially the western side that borders with inland areas, due to low salinity of the
aquifer.
Having learned the painful lessons of aquatic diseases associated with intensive shrimp
monoculture, the local government is now paying more attention to spatial planning and
management. The provincial government issued a comprehensive guideline for intensive shrimp
cultivation to be applied to the entire lagoon and adjacent areas (Thua Thien Hue Provincial
People's Committee, 2014). It requires any individual practising intensive monoculture to meet
several standards, ranging from the selection of juveniles to wastewater treatment. Despite recent
government efforts and the successful multispecies farming system, the majority of lagoon villagers
expressed a pessimistic view regarding the lagoon’s sustainability.
3.4.2. Heterogeneity in livelihood pathways
The adaptive cycle provides an in-depth understanding of the evolution of the Tam Giang SES. The
observed changes were far from uniform, resulting in different outcomes to lagoon communities.
In this section, we incorporate information from Section 3.4.1 coupled with insights from the
interviews to, first, illuminate livelihood pathways of local communities and, second, assess the role
of key drivers and system variables in shaping these pathways.
Figure 3.6 illustrates the divergence of livelihood pathways into the first two and then three distinct
trajectories that emerged as a result of the social-ecological dynamics in the lagoon for >100 years.
Livelihood conditions of fishing-based communities went through an upward trend until the
emergence of aquaculture as a new livelihood activity. Despite some significant challenges and
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failures, aquaculture farmers became the wealthier group, largely due to owning important physical
capital (i.e. aquaculture ponds). In contrast, fishing households experienced a slow but continuous
degradation of living conditions and household wellbeing driven by significant declines of fish stock
and lagoon resources and shrinking access to fishing grounds. Understanding this heterogeneity in
livelihood pathways as shaped by historical changes in the SES is a vital precondition for designing
future fishery management plans that incorporate dynamic and differentially vulnerable livelihood
groups, with their distinct needs and aspirations.

Figure 3.6. Illustrative representation of dynamics of climatic, environmental, and socioeconomic
and governance factors (a), leading to differential livelihood pathways (b) over time in the Tam
Giang social-ecological system8 (Graphs were illustratively constructed based on information from
Section 3.4.1, interviews and focus group discussions).

8

These figures were inspired by the work of L. Olsson et al. (2014). Possibly, there were differences in the
livelihood conditions between households before the introduction of aquaculture in the TGL. However, the
interviewees did not provide much comparative informaion about livelihood conditions between households
before their resettlement (1986) and aquaculture introduction, except for abundant resources available and
low populations in the lagoon.
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A catastrophic typhoon (1) caused extreme losses and damages to lagoon communities.
Consequently, a resettlement program together with the national economic reform of Doi moi and
the availability of modern fishing materials (i.e. nylon nets) (2) changed the household lifestyle from
nomadic fishing to fixed fishing and improved livelihood conditions (3). A series of supportive
policies (the Land Law, decisions of the Prime Minister, and credit program), the success of shrimp
juveniles, and increase of shrimp export market (4) combined with an increase in the saline water
environment due to the impact of a historical flood (5) led to a rapid expansion of aquaculture and
fish corrals. Consequently, distinct livelihood trajectories emerged. Aquaculture-based households
quickly became a better-off group (6) while fishing-based households started experiencing a
downward trend (7) due to the reduction of fishing grounds and over-crowding. Rapid and
uncontrolled expansion of aquaculture and fish corrals and inadequate management caused
substantial water pollution and disease blooms throughout the lagoon (8). Aquaculture-based
households lost revenues rapidly (10); fishing-based families experienced slight declines (11)
compensating with more destructive fishing gear leading to a further decrease of fish stock (9).
Remarkable governmental efforts to improve ecological conditions led to the removal of 50% of
fish corrals and re-arrangements of the remaining ones to increase water flow and exchange
between the lagoon and the sea, even though the ecological system was not sufficiently improved.
The convergence of the establishment of no-take zones (12), a decrease of water salinity due to
high variability and increased rainfall (13), and progressive increase in pollution (14) forced
households to change livelihood strategies. Some aquaculture-based households recovered due to
the success of the new farming model “cross flooding aquaculture” (15) while most others managed
to slightly improve their livelihood conditions with multispecies aquaculture farming (16). The
livelihoods of fishing-based households eroded further (17). Climatic and environmental
trajectories move closer to the catastrophic end of the spectrum while socioeconomic policies and
interventions remain unknowns regarding SES resilience (18). Policy responses to improve
ecological habitats and water quality and to adapt to climate change will be the key elements to
enhance the livelihood conditions of resource users (19).
3.4.3. Cross-scale processes and the role of system variables
The Tam Giang lagoon system has undergone a wide range of social and ecological changes in which
transitions between phases of the adaptive cycles were triggered by both cross-scale processes and
cross-domain interactions, as reflected in the nested adaptive cycles in Figure 4 and further details
in Figure 7. Top-down processes (represented on the vertical axis in Figure 7) such as the national
economic reform, the national policy on coastal aquaculture development, and credit programs
catalyzed rapid expansion of aquaculture ponds and fish corrals, leading to cascading changes at
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the lagoon scale. The latter includes habitat alteration, amplified water pollution, the spread of
aquatic diseases, and fish stock decline. These processes gradually eroded the customary fishing
system. Bottom-up processes including inadequate aquatic disease management, over-harvesting,
and the use of destructive fishing gear scaled up to prompt changes in the fishery governance
system at the provincial level.
Moreover, the lagoon dynamics are shaped by numerous cross-domain interactions between the
social and ecological components rather than by single variables (represented on the horizontal
axis in Figure 3.7). For example, the catastrophic typhoon in 1985 widened the lagoon inlets and
increased salinity levels which initially created favourable conditions for aquaculture development
and fishing activities but subsequently accelerated the ecological degradation of the SES and overexploitation.
Equally important for future management actions is a solid understanding of the role of variables
that influence an SES trajectory. In the SESs, variables can be described as “fast” or “slow” (meant
as relative terms) to characterize their role in system changes and their pace of impacts. Fast
variables are those triggering change over the short-term (e.g. pest species emergence, crop
production, aquatic diseases) compared to variables that change more slowly, so-called slow
variables (e.g. water pollution accumulation). Dynamics of fast variables are strongly influenced by
slow system variables; for example, aquatic diseases are usually caused by prolonged water
pollution accumulation. The identification and interpretation of the slow and fast variables are
based on our best judgment informed by first-hand knowledge of the lagoon, qualitative data
obtained from the interviews and FGDs, and some relevant literature (e.g., Huber-Sannwald et al.,
2012; Walker et al., 2012). We nonetheless acknowledge the possibility of alternative explanations
with different sets of fast and slow variables.
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Figure 3.7. Causal loop diagrams representing cross-scale processes (vertical) and cross-domain
interactions (horizontal) driving social-ecological dynamics in the Tam Giang Lagoon. Blue arrows
indicate multi-scale relationships between system variables. Red arrows represent critical
interactions between the social and ecological parts of the lagoon SES. The cross sign on red
arrows signifies a time-delay process. Vf and Vs denote fast and slow variables, respectively.

Considering the proposition by Gunderson and Holling (2002), (Kinzig et al., 2006) and (Walker et
al., 2006) that critical changes in and sustainability of most SESs are determined by a small set of
three to five key slow variables at any one scale, we confirm this “rule of hand”, with our results
revealing the prevalence of slow variables in driving long-term dynamics and behaviours in the
lagoon (Figure 3.7). These slow variables encompass national (economic) policies, international
markets, fishing technology development, property and land use rights, and climate-induced
changes at larger scales, as well as water salinity, water pollution, fish stock and diversity, lack of
livelihood alternatives, and (new) aquaculture models at the local SES scale. Changes in these slow
variables accelerate fast variables (e.g. aquaculture expansion, aquatic disease outbreaks, overfishing, and increase of destructive fishing gear) and the response to environmental and other
shocks, resulting in the transitions between phases in the adaptive cycle as described in Section 4.1.
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3.4.4. Challenges for future livelihood adaptation
Coastal environments are rapidly changing (Michael Elliott et al., 2019). As social and ecological
resilience is directly coupled and co-evolves, a future SES collapse can be assumed when society
fails to anticipate or grasp the key problems of a system (Diamond, 2005). In this section, based on
insights from the literature, field observations, and interviews, we elucidate four factors that will
likely challenge lagoon communities to adapt their livelihoods to possible conditions in the near
future.
Climate change
Historical hydro-climatological changes (Figure A1.2) and projected climate changes are well
documented at both national and local scale (Vietnam Institute of Meteorology Hydrology and
Climate Change, 2008, 2015). Future increased rainfall amount and variability will likely affect
coastal water quality, increasing dissolved nutrient concentration and loads coming from the rivers
(Hesse et al., 2015), toxic bacterial blooms (de Souza et al., 2018), and salinity reductions (Anthony
et al., 2009; Christia et al., 2018). Associated consequences could spread aquatic disease and
pollution risks and delay the seasonal aquaculture calendar and fish growth.
Changes in temperature patterns with a warmer summer predicted in the lagoon can amplify heat
shock and disease stress for aquaculture species (Marcos Lopez et al., 2010). Hotter conditions will
require farmers to equip high-tech machines (e.g. oxygen/air supply systems) to maintain optimal
pond conditions for aquaculture species. Hotter summers will also cause more adverse
consequences for both existing multispecies and planned intensive monoculture farming because
of high stock density. It is also possible that convergence of rising sea levels (Figure A1.3) and water
storage in upstream hydropower plants and reservoirs will result in increased salinity, exceeding
optimal levels in the summer. These processes may coincide and lead to harvest losses in both
aquaculture and fishing. Increasing intensity and frequency of extreme events along Vietnam’s
coast (Ministry of Natural Resources and Environment, 2016) may well pose additional threats to
the lagoon communities and infrastructure associated with their production systems.
Changes in lagoon spatial planning and use
In an attempt to recover the lagoon ecosystem, the local government has established several
ecological habitat protection zones (no-take zones) since 2009. Now, the central government, with
financial support from the UNDP, is planning to convert parts of the lagoon to protected wetland
conservation areas. Although villagers in our study foresee positive impacts of no-take zones on
ecosystem recovery, they emphasise that these zones cannot compensate for the decline caused
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by destructive fishing gear and other unsustainable practices. While the fixed fishing structures and
aquaculture areas remain unchanged or even increase in some parts of the lagoon, many mobilegear fishers complained that more no-take zones would constrain their livelihoods as these areas
would diminish communal fishing grounds. Unless the government properly manages destructive
fishing gear and provides livelihood alternatives, no-take zones appear to bring benefits only to a
small number of people while constraining the majority of lagoon-dependent residents. Although
long-term contributions of no-take zones to the ecological system and fish stock recovery are
expected, the impacts of these zones on the livelihoods of mobile-gear fishers, the poorest group,
are likely to be negative.
Uncertain sustainability of new farming models
The long-term sustainability of the new farming models remains unproven, despite their economic
profits, since aquaculture diseases continue to occur in different places all year round. More
polyculture farming, especially cross-flooding aquaculture, requires more fresh feeds (small fish
caught from the lagoon), and it accelerates fishing efforts, leading to a further decline of the lagoon
fish stock that has already been degraded for a long time. Aquaculture farmers raised concerns
about the expansion of the new monoculture farming model as they see substantial negative
impacts on the lagoon water environment and ecosystem. Given that the lagoon communities
experienced a collapse of monoculture farming in the 2000s, their concerns regarding the future of
new mono-species farming are justified, irrespective of the government issuing regulations and
guidelines.
Path dependency
In response to the social-ecological changes, fishery households have skilfully evolved their
livelihood adaptations. While some adaptations were successful for coping, others have caused
long-term degradation of ecosystem capacity. Notably, continuous application of more
manufactured feeds to maintain aquaculture production and cultivation of non-native species (i.e.
white leg shrimps) in unplanned areas discharge more pollutants and potential disease vectors to
the communal lagoon areas. A majority of fishers using more effective gear, especially lu, and
investing in fishing to offset the low catch is responsible for much of the recent depletion of fish
stock. These past and current mal-adaptive strategies have favoured obtaining short-term benefits
at the expense of long-term system sustainability. With limited capacity to adopt more innovative
adaptation measures, lagoon-dependent communities will likely continue their past and current
development paths. Such path dependency is often resistant to necessary changes to adapt to
future climate change (Barnett et al., 2015). It also signals a mismatch between villagers’ behaviour
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and the social-ecological system conditions, ultimately locking them into a social-ecological trap
(Boonstra & Hanh, 2015).
3.5. Discussion
Given the need for systematic investigations of the dynamics of coupled SESs (Cristina et al., 2018;
Leenhardt et al., 2015), this study uses the adaptive cycle heuristic to trace the changes and identify
critical drivers responsible for the transitions between cyclic phases in the Tam Giang Lagoon in
Vietnam, a typical dynamic SES. Our findings suggest that adaptive-cycle dynamics of this SES were
driven by a series of historical events and two-way interactions between the social and ecological
system components. Historical changes in the lagoon SES have given rise to divergent livelihood
pathways. Looking toward the future, local communities are likely to face increasing challenges
induced by the intensification of human uses, prolonged ecological degradation, and climate
change. Here, we reflect on insights from applying the heuristic of the adaptive cycle, the role of
slow and fast variables for SES sustainability, system feedbacks, livelihood pathways, and
potentially looming collapses.
We substantiate that the adaptive cycle heuristic provides a systematic framework to understand
holistic dynamics of coupled SESs, including human activities and natural disturbances 9. In our case,
we traced these dynamics based on empirical evidence from and triangulation between
quantitative and qualitative data to distinguish periods of growth, conservation, collapse and
reorganisation. Expanding on existing literature reviews on the usefulness of the adaptive cycle in
explaining the dynamics of changes in SESs (Goulden et al., 2013; Salvia & Quaranta, 2015), we
highlight three aspects from our case study that we consider useful for future management actions.
First, although intrinsic cyclicity is a key concept of Holling’s and Gunderson’s (2002) adaptive cycle,
the phases may not necessarily progress in a sequential manner as a sufficiently large external
disturbance can disturb the cyclicity (Abel et al., 2006). Our results empirically reflect this
conclusion as the Tam Giang SES moved from late growth to collapse without going through the
conservation phase, as a result of inadequate policies followed by a catastrophic typhoon. Knowing
that the absence or presence of phases can be strongly influenced by policy interventions, we
recommend that policymakers carefully examine critical thresholds (also called tipping points) in
order to comprehend immediate needs for action and longer-term management options to nudge
9

Besides the adaptive cycle, other frameworks as reviewed by Binder et al. (2013) (e.g. the drivers, pressure,
state, impact and response; the human-environment system; the management and transition framework)
can be used to conceptualise SESs and examine their dynamics. Application of the adaptive cycle is very
flexible. Unlike this thesis, previous studies map different phases of the adaptive cycle on a few variables (e.g.
Rasmussen & Reenberg, 2012), or even on one variable (e.g. Beier et al., 2009) of the system.
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the system towards a more desirable state. As stated by Walker and Meyers (2004), Scheffer et al.
(2009) and Crépin et al. (2012), critical thresholds are fundamental for regime shifts but also hard
to identify. Hence, monitoring potential indicators of imminent transitions when a threshold is
approaching, as recommended by Scheffer et al. (2009), is more desirable. For example, the
extinction or dramatic decline of native fish or the emergence of invasive species in a fishery system
are early-warning signals, indicating the system is approaching a threshold. Given the early-warning
signals of possible shifts, resource managers are well served to move the system away from the
threshold to avoid shifts or, alternatively, should prepare to adapt when shifts are unavoidable
(Crépin et al., 2012). In the case of the Tam Giang SES, careful monitoring to reduce overexploitation and improve water and ecological conditions can potentially help to increase the
system’s distance to a looming regime shift10.
Second, identifying exact transition points between adaptive phases remains an analytical
challenge. This could be due to insufficient quantitative indicators to distinguish phases (Angeler et
al., 2016), or divergence in the interpretation of qualitative data (Daedlow et al., 2011). While
quantitative approaches are often constrained by a lack of historical data and the difficulty in
selecting appropriate indicators (Rasmussen & Reenberg, 2012), qualitative analyses require a
triangulation of various sources of data, as shown in this case study, and could potentially lead to
biased descriptions. To avoid such bias, especially in systems with limited historical data, future
studies are well served by combining both approaches.
Third, applying the adaptive cycle provides a holistic picture of changes. Such a picture, we find, is
powerful in raising community awareness of environmental and ecological degradation and
facilitating social learning processes. This finding mirrors the suggestions by Folke et al. (2010) and
Olsson et al. (2006) that SES transformations should consider crises as “windows of opportunity” to
gather knowledge and experience to navigate the system to a desired regime. The majority of our
interviewees showed a remarkable understanding of cause-effect relationships between resource
exploitation, lagoon sustainability, and livelihood conditions. Despite their insights, many continued
unsustainable practices, irrespective of the lagoon’s degradation. Why is that? We suspect that, for
most households, exploiting the lagoon resources is the only way to sustain their livelihoods due to
low educational levels and limited livelihood alternatives. Moreover, the enforcement of
governmental management rules is still far from targets. Numerous fishers explained that illegal
fishing with destructive gear was omnipresent in the lagoon, providing little incentive to comply

10

Even though there are signals of a regime shift in the TGL as analysed in the result section (e.g. resource
degradation, habitat loss and degradation, presence and spread of aquatic diseases), an assessment of regime
shifts is beyond the aim and scope of this study.
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with the rules. Hence, the problem is not user ignorance but inadequate governmental spending
on controlling destructive gear. We recommend more resources to encourage fishers to comply
with fisheries rules and foster opportunities for economic diversification at the local level to reduce
pressures on the lagoon.
Well-targeted policy responses are also needed regarding the various roles fast and slow variables
play in determining the SES dynamics. In a tropical fishery system such as the Tam Giang Lagoon,
the slow variables (e.g. water salinity, water pollution, fish stock abundance, and livelihood
alternatives) drive fast variables (e.g. aquaculture expansion, aquatic diseases) and hence play a
critical role in long-term system sustainability. Fast variables tend to act in the short-term, thus are
less useful in characterizing the long-term state of the system (Adger et al., 2005). However, based
on the empirical results of the Tam Giang Lagoon, we recommend adequate consideration of fast
variables in short-term management plans to support the sustainability of the system. The reason
for this is that fast variables may cause persistent problems for the system; aquatic diseases eroding
the stability of aquaculture tied to inefficient management. Following J. Fischer et al. (2015), we
encourage deliberate efforts to address the interplay between slow and fast variables as key to
achieving fishery management targets.
Equally vital is a better understanding of two-way interactions and feedbacks in driving the
resilience of coupled SESs (Cinner & David, 2011; Cinner et al., 2011; Cinner et al., 2012; Schlüter et
al., 2012). Such interactions are evident in the Tam Giang Lagoon system. For example, high-profit
aquaculture expansion polluted the lagoon water environment, leading to degraded fish stock and
more aquatic diseases and social conflicts, which in turn precipitated the collapse of the
aquaculture system and erosion of livelihood systems. Our interviewees reiterated that the
environmental feedbacks from the social to ecological system elements were rather
straightforward (e.g. aquaculture expansion polluting water, or over-fishing decreasing fish stock
and diversity) while the institutional (government) feedbacks from ecological degradation to
required policy actions occurred slowly and were more difficult to track (e.g. reduced fish stock and
diversity due to the control of destructive gear). Tardy government responses indicate a lack of
resources and technical capacity in the governance system (Varjopuro et al., 2014). Yet, any delay
in governmental response to severe problems increases the risk of the system approaching
imminent collapse. Findings from this study underscore the need to speed up governmental
responses to more effectively address persistent management issues such as water pollution,
aquatic diseases, and fish stock decline, in order to safeguard the lagoon SES sustainability. This,
we recommend, should entail capacity building for government officials responsible for the lagoon
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and fisheries management, including using the heuristic of the adaptive cycle as both a descriptive
and anticipatory tool.
Adaptation to changes in governance systems and ecological conditions can allow some households
to experience an upward livelihood trajectory. However, a more nuanced assessment shows that
pathways change over time, depending on interactions between socioeconomic, climatic, and
environmental factors, and only certain households reap the benefits. In a rapidly changing
environment like a coastal lagoon, the possession of productive property (aquaculture ponds) plays
a fundamental role in household adaptation. Aquaculture households use their pond as a valuable
deposit to take a loan and invest in aquaculture during boom years or off-farm activities in bust
years. Owning aquaculture ponds also guarantees an opportunity to immediately take advantage
of innovative aquaculture models. This, in turn, widens the livelihood adaptation space and
increases the resilience of aquaculture households. In contrast, fishing households were not able
to recover after the aquaculture expansion. Their livelihood trajectory declined, with adaptation
efforts persistently constrained due to fishing ground reduction, water pollution, disease outbreaks
and fish stock declines. Interviewed fishers lamented the fact that diversifying fishing gear was the
only way to survive, acutely aware of the associated fish stock depletion.
Our results illustrate heterogeneous trajectories across groups of households, explaining critical
thresholds that lead to inequitable benefits and erosion of social cohesion. This mirrors findings by
Hoque et al. (2018), who show that the adaptive success of one group reduces the adaptive capacity
of another group in fishery-based common pool resource management. Such insight requires
adjustments in management policies. We recommend that policymakers take into account
socioeconomic diversity and the needs of different resource users in designing plans and processes.
Moreover, as social cohesion is a core attribute of the success of co-management in small-scale
fisheries, policies should attempt to reduce inequitable benefits while fostering social cohesion and
trust to encourage active fisher participation in lagoon co-management. Finally, any policy and
management plan (e.g. establishment of wetland conservation areas) that further constrains the
livelihoods of marginalized groups should be designed with extreme caution, especially when
livelihood alternatives are limited. Acknowledging the complexity and power dynamics in policymaking processes, we underscore the need for rigorous analyses of differential livelihood
trajectories, uneven adaptive capacities, and the multilayered factors that shape the vulnerability
and resilience of various user groups in order to design inclusive and sustainable management
policies.
Although our primary research objective was not to specifically examine regime shifts, insights from
narratives of the fishery SES evolution embedded in the adaptive cycles provide signs of regime
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shifts in the Tam Giang lagoon. At least two regime shifts, as characterized in Biggs et al. (2018) and
Rocha et al. (2015), were evident, namely the collapse of fisheries and common pool resource
decline. Accordingly, the system transited from customary fishery management with abundant
resources, open access, and strong social cohesion to a highly regulated system with dwindling
resources, restricted access, and social conflict over resource competition. In addition, rapid
construction of aquaculture ponds has changed the lagoon’s original, diverse habitats, leading to
abrupt and persistent modifications in the lagoon structure and functions. These transitions,
however, did not occur in isolation but were linked to each other, causing cascading effects. In other
words, the occurrence of a regime shift accelerates subsequent shifts, as explained by Rocha et al.
(2018). In the Tam Giang lagoon SES, the transition from open fishing areas to aquaculturedominant systems resulted in several subsequent effects, including water pollution, aquatic
diseases, resource decline, and governance changes. The negative consequences of these shifts for
both social and ecological subsystems are now well recognized. The local government instigated
several management efforts to address these undesirable consequences; however, the system has
not sufficiently recovered.
Because SESs are constantly changing and co-adapting (Brattland et al., 2019; Folke, 2006), the risk
of a regime shift is often difficult to recognize (Rocha et al., 2014). Such a shift is typically costly and
difficult to reverse, in some cases, even irreversible (Biggs et al., 2018; Rocha et al., 2014). Given
the range of factors influencing the likely regime shifts in the Tam Giang SES, resource managers
and policymakers struggle to pinpoint suitable strategies, resources, and capacities. As Crépin et al.
(2012) argued, addressing global factors (e.g. climate change, global warming) is difficult for local
managers. We, therefore, suggest pressing management efforts should concentrate on resolving
local factors (e.g. water pollution, overharvesting, social conflicts) which may reduce the likelihood
of a next regime shift to come in the Tam Giang.
Finally, with respect to the cyclical behaviour of the Tam Giang Lagoon system, a new collapse
seems predictable due to human use intensification coupled with risks from a changing climate.
Livelihood-based fishing activities are likely to continue to degrade key resources, despite
regulatory efforts. Most research participants expressed a rather pessimistic outlook for the future.
While novel aquaculture farming models provide hope, they also undermine the ecological
resilience of the whole lagoon SES. Thus, avoiding a new collapse and steering the system towards
just sustainability ought to be the foremost priority of management policies. This requires
governance systems to design and implement a framework for long-term monitoring of system
dynamics and shifting risks, in parallel with explicit attention to deep leverage points that
potentially result in the transformational systemic change (Abson et al., 2017).
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Effective

enforcement of existing fisheries management policies regarding mesh size and the banning of
destructive gear and regulations on water treatment and aquatic diseases are most imperative to
improve ecological resilience and safeguard rural livelihoods. Diversifying local livelihood options,
as also requested by most villagers, will lessen dependence on the lagoon, create needed space for
adapting to future socioeconomic and climatic challenges, and foster sustainable development
among the lagoon communities.
3.6. Conclusion
This study has shown that the adaptive cycle heuristic is indeed a helpful tool to appreciate longterm dynamics and identify major periods in the evolution of coupled SESs that lead a system to its
present conditions. As in other tropical regions, small-scale fishery livelihoods in low-lying coastal
areas in Vietnam are susceptible to multiple socioeconomic, environmental and climatic shocks and
disturbances. Changes in the SES may bring benefits to some but also cause persistent constraints
or sometimes irreversible losses for others in shared common-pool resources. This study provides
a unique illustration of livelihoods of lagoon-dependent communities being shaped by SES changes,
not in homogenous ways but distinctly differentiated by resource user groups. This non-trivial
nuance is of practical importance for policymakers to ensure that differential needs and aspirations
of resource users are reflected in supportive fishery policies. Such targeted treatment fulfils one
critical recommendation regarding the transformation of SESs as proposed by Andrachuk and
Armitage (2015, para. 1): “we need to examine how governance initiatives will be beneficial for
some people and detrimental for others, and need to be fully aware of locally contested interests
and acknowledge competing priorities for fisheries management and human wellbeing”. Actively
working with such stakeholder differences reduces the risk of social conflicts and resource
competition that often arise in common-pool resource management.
We end by endorsing the adaptive cycle heuristic for examining the detailed dynamics of coupled
complex systems and identifying key drivers and feedbacks between their social and ecological
components within and beyond fishery systems. At the same time, we recognize the limitations of
the adaptive cycle as an anticipatory tool and recommend complementing the heuristic with
participatory scenario building to envision and design equitable and resilient management
initiatives.
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Chapter appendix
Appendix 1. Background information about the environmental and ecological changes in the Tam
Giang Lagoon

Figure A1.1. Changes in the lagoon’s natural conditions (DO, BOD5 and COD stand for the
dissolved oxygen, biological oxygen demands, and chemical oxygen demand, respectively.
Nutrients include NO3- and PO43-). Data collected from multiple sources.
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Figure A1.2. Time series of annual trends in hydro-climatological factors in the Tam Giang Lagoon
(Meteorological data were derived from the Hue meteorological station and hydrological data
from the Kim Long hydrological station).
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Figure A1.3. Future projected sea-level rise (SLR) along the coast of Thua Thien Hue Province
(Ministry of Natural Resources and Environment, 2016)

Appendix 2. A government policy effort to improve the lagoon ecological condition
District

Status of fish corrals

Fish corral removal
required

Fish corral left for
production

Change
(%)

Number of
households
engaged

Number
of fish
corrals

Number of
households
engaged

Number
of fish
corrals

Number of
households
engaged

Number
of fish
corrals

Phong
Dien
(2008)

116

113

n.a

65

n.a

48

-57.5

Quang
Dien
(2010)

370

441

172

243

198

198

-55.1

Phu Vang
(2011)

361

351

158

158

203

193

-45.0

Phu Loc

665

665

n.a

291

n.a

374

-43.8

Total

1512

1570

n.a

757

n.a

813

-48.2

(Note: “n.a” meant data was not available)
Table A2.1. Fish corrals re-arrangement in the Tam Giang Lagoon (Thua Thien Hue Provincial
People's Committee, 2008, 2010a, 2010b, 2011)
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4.Chapter 4. Moving up or going under? Differential livelihood trajectories in coastal
communities in Vietnam

This chapter is under review as:
Thanh, H. T., Tschakert, P., & Hipsey, M. R. Moving up or going under? Differential livelihood
trajectories in coastal communities in Vietnam. Revisions submitted to World Development. [See
Appendix 2]

Abstract
Transformations from artisanal fishing to aquaculture are now ubiquitous in many small-scale
coastal fishing communities worldwide, often in response to the economics of fisheries and climate
change. Understanding the long-term dynamics of community livelihoods is an important step in
designing appropriate fishery management and adaptation policies to navigate the effects of such
transformations. The literature has focused predominantly on addressing snapshots of livelihood
conditions, with less attention being paid to how present conditions have emerged over time, and
for whom. Using an integrated analytical approach, this study investigates the longitudinal
livelihood trajectories in two small-scale fishery villages around the Tam Giang Lagoon in Vietnam,
with particular attention paid to the changes since the introduction of aquaculture in the late 1980s.
Three distinct livelihood trajectories - accumulating, fluctuating, and marginalising - represent the
differential pathways available to fishing- and aquaculture-dependent households. In this
constrained yet shared resource space, the transformational adaptation through aquaculture has
benefitted the adopters and enhanced their livelihood resilience; yet, it has had detrimental
consequences for the artisanal fishers who find themselves locked into a state of heightened
vulnerability. The findings provide evidence of differential and unintended consequences of new
adaptations to livelihood struggles in small-scale fishery communities, and they point to the need
for well-targeted policies to reduce rather than exacerbate growing inequalities. Fishery
management policies and interventions in this lagoon, and similar contexts, need to take into
account the heterogeneity in livelihood trajectories and unequal social vulnerability to inform more
just adaptation strategies and improve the wellbeing of fishery communities.
Keywords: aquaculture development; coastal communities; livelihood trajectories; small-scale
fisheries; Tam Giang Lagoon; Vietnam

101

4.1. Introduction
Global coastal and marine areas are experiencing a rapid development of aquaculture production
which now provides half of the fish consumed by humans (FAO, 2018a, 2018b; Golden et al., 2017).
The current pattern of production and trade of aquaculture products is likely to continue because
of food demand (FAO, 2018a), dwindling wild capture marine and freshwater fisheries (Golden et
al., 2016; McIntyre et al., 2016), and changing consumer preferences (Brayden et al., 2018; WB,
2013). Without any doubt, aquaculture can be seen as a valuable stimulus to social development,
above all as a contributor to poverty reduction in the Global South through creating stable
employment and seasonal income-generating opportunities, and resource conservation through
reducing overfishing of wild fish stocks (Diana, 2009).
The development of aquaculture, particularly in shallow and sheltered water basins that were
previously occupied by small-scale capture fishing, such as the Chilika Lagoon in India (Galappaththi
& Nayak, 2017; Nayak, 2017; Nayak & Berkes, 2010) and the coastal mangrove forests in Vietnam
(Orchard et al., 2016), often comes with adverse social and environmental consequences. Various
problems have been documented, including limited access to common fishing grounds and
increased social inequality (Hue & Scott, 2008; Jahan et al., 2010), environmental pollution and
disease outbreaks and emergence of invasive species (Bala & Hossain, 2010; Diana, 2009), and loss
of mangrove forests (Bryan-Brown et al., 2020; N. Thomas et al., 2017). An increase in social
vulnerability has been shown to be linked to growing inequalities and natural resource degradation
at a local level (Adger, 2000; A. P. Fischer, 2018; Mata-Lara et al., 2018). This is because individual
households have different adaptive capacities which enable, constrain and shape livelihood
decisions and outcomes (Eakin et al., 2014; Smit & Wandel, 2006; Yaro et al., 2016). While the
positive and negative impacts of aquaculture on the environment have been well documented,
significantly less attention has been paid to how the expansion of aquaculture has affected
household livelihood dynamics and wellbeing conditions in small-scale fishery systems (SSFs).
Despite significantly dwindling fish catch, SSFs will continue to play a critical role in the livelihoods
and wellbeing of coastal communities, particularly in countries where alternative livelihood options
are limited (Béné, 2006; Béné et al., 2010; Golden et al., 2016). SSFs contribute more than half of
the total global fishery production and provide employment for more than 90% of the 51 million
fishers around the globe (B. L. Jones et al., 2018; Teh & Sumaila, 2013). However, they are
increasingly exposed to multiple threats, including overexploitation, environmental and ecological
degradation, social conflict, and climate change (Defeo et al., 2013; Hanich et al., 2018). In order to
adjust to these multiple threats and risks, and to ensure their livelihood needs and food demands
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are met, fishery communities have adopted a diverse range of adaptation strategies. Incremental
adaptation strategies such as livelihood diversification, mobility, reliance on social networks, and
seeking non-fishery employment are widely adopted across SSFs (Allison & Ellis, 2001; R. Ian Perry
et al., 2011). However, in highly vulnerable and low-lying regions, new and transformational
livelihood adaptation strategies may be needed to address mounting concerns (Kates et al., 2012;
Quinn et al., 2011). Adaptations that could be labelled as transformational are “those that are
adopted at a much larger scale or intensity, those that are truly new to a particular region or
resource system, and those that transform places and shift locations” (Kates et al., 2012, p. 7156).
Accordingly, the adoption and expansion of aquaculture production in small-scale capture fishing
systems could be seen as a transformational adaptation. Its adoption potentially induces
transformational changes in the structures and processes of the social-ecological systems and
results in differential livelihood outcomes that are hard to predict (Kates et al., 2012; Volpato &
King, 2019).
Identifying temporal livelihood trajectories, in which an “individual’s strategic behaviour is
embedded in both historical repertoire and in social differentiation” (De Haan & Zoomers, 2005, p.
43), provides valuable insights for an informed vision of possible futures and nuanced policies.
Historical information regarding how the present conditions have emerged and evolved through
time, and for whom, is, therefore, necessary to understand prospects, constraints and potential
windows of opportunity for future adaptations (Nelson et al., 2014). Livelihood trajectories allow
us to understand the differential and potentially uneven effects of new adaptation strategies, locate
people’s capacity for action and decision making, and observe multiple relational strategies in
response to environmental changes and adverse situations (Kaag, 2004).
Much of the literature on social vulnerability has tended to focus predominantly on snapshots of
livelihood conditions and vulnerability at a specific point in time, with less attention being paid to
deep-rooted causes and historical legacies and dependencies (Fawcett et al., 2017; Ford et al., 2018;
Naylor et al., 2020). Yet, a close analysis of the dynamics of vulnerability is essential in order to
identify change processes and pinpoint possible adaptation options and bottlenecks (Sallu et al.,
2010; Tschakert et al., 2013). In recent years, there has been an increasing number of longitudinal
studies to track such dynamics in social-ecological systems (e.g., Hoque et al., 2018; Mellado et al.,
2019; Orchard et al., 2016; Valbuena et al., 2015; Volpato & King, 2019). However, they typically
stratify and group households by socioeconomic conditions (wealth and/or poverty levels ranking)
to trace livelihood dynamics, rather than by activity-based livelihoods.

103

Our study makes visible the temporal dynamics of household livelihoods in coastal communities in
the Tam Giang Lagoon (TGL) in Vietnam, distinguishing between fishing and aquaculture activities
to track differential livelihood trajectories. It specifically aims to answer the question: how has the
adoption of aquaculture as a new adaptation strategy shaped the small-scale fishery-based
livelihoods and their wellbeing, and to whose benefit? By using the concept of “livelihood
trajectories” (Bagchi et al., 1998), we aim to describe and represent the dynamics of livelihoods of
fishing and aquaculture households in a vulnerability space. To do so, we employed an integrated
analytical approach, combining an extended case methodology with an explicit vulnerability lens to
identify, analyse and visualise diverging livelihood trajectories.
There has been significant literature on livelihood pathways or trajectories in tropical fishery
communities from a development perspective (e.g. Belton et al., 2017; Betcherman et al., 2019;
Betcherman & Marschke, 2016; Marschke & Betcherman, 2016). For instance, Belton et al. (2017)
proposed an “evolving livelihood pathways” framework to qualitatively identify and visualise the
movement of different household classes in Bangladesh (landless, small-land owners, large-land
owners) between livelihood activities since the boom of aquaculture between 1995 and 2015.
Betcherman et al. (2019) and Betcherman and Marschke (2016) used a “transition matrix” to
quantitatively examine transition flows of primary livelihood activities among fishery households in
the contexts of economic and ecological changes in Vietnam in the 2000s. These approaches make
it possible to trace livelihood shifts between fishery-based and non-fishery-based activities and the
prevalence of a particular livelihood pathway over time. However, they are less suited to distinguish
different levels of vulnerability within and across communities.
For this study, we adopted the conceptual vulnerability framework proposed by Fraser et al. (2011)
that assesses livelihood vulnerability within three different dimensions: (1) the agroecosystem
capacity to remain productive under impacts of external disturbances; (2) the socioeconomic ability
of individual households to adapt to changes in the system to sustain livelihoods in the long term;
and (3) the local institutional capacity to provide social buffers to maintain the local livelihood
system and effective relief in times of crisis. This framework is useful to examine the livelihood
trajectories in the TGL because, as the approaches above, it goes beyond a reductionist snapshot
of contemporary livelihood vulnerability assessments; instead, it provides a more nuanced
representation depicting temporally and spatially heterogeneous vulnerabilities between groups,
otherwise considered largely homogeneous in changing social-ecological contexts (Costa et al.,
2011; Dougill et al., 2010; Lin & Morefield, 2011; Volpato & King, 2019). We see Fraser’s framework
and other similar approaches (i.e. the evolving livelihood pathways, the transition matrix) not
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necessarily as mutually exclusive but enriching as they all attempt to understand how livelihoods
evolve over time from different angles.
The vulnerability framework adopted here integrates both vulnerability and resilience concepts;
yet, these concepts do not explicitly present two opposite ends along a single continuum,
something that is often criticised in the climate change adaptation literature (Cutter, 2016; Joakim
et al., 2015). In other words, an increase in vulnerability would not automatically reduce resilience
and vice versa. Instead, the framework conceptualises the relationships between vulnerability and
resilience within a three-dimensional cube. This makes it possible to create a set of sub-cube
typologies that allow plotting differential levels of resilience and vulnerability that individuals,
groups or communities experience through space and time (Fraser et al., 2011; Lin & Morefield,
2011; Sallu et al., 2010). For example, a fishery community can be seen as highly vulnerable because
of low levels of education, low income, and limited support from the government; at the same time,
it may well be highly resilient because of an abundance of fish stock, coherent social networks, and
rich cultural capital. This community, therefore, can be visually represented in a sub-cube in Fraser’s
framework that indicates both high vulnerability and high resilience.
4.2. Study area background
4.2.1. The Tam Giang Lagoon
This study was carried out in the Tam Giang Lagoon (TGL) in central Vietnam, the largest lagoon
system in South-East Asia, covering approximately 22,000 ha of water space (Tuyen et al., 2010)
(Figure 4.1). The TGL is formed by three interconnected sub-lagoon systems that are two to five km
wide and extend 70 km along the coast, covering five districts in Thua Thien Hue province. Input
flows are received from the western side of the province through four major rivers and, on the
eastern side, two inlets connect it to the sea. Together, this creates diverse habitats and a brackish
water environment for numerous aquatic species. The TGL provides a living for half the provincial
population (approx. 500,000 inhabitants) whose livelihood activities rely partially or entirely on
fishery-based activities (HSO, 2016). Aquaculture production has increased dramatically as a result
of the fish farm (pond) expansion over the last three decades (HSO, 2005, 2010, 2016). Currently,
the TGL is used for a mix of activities in which fishing and aquaculture are the most common
practices besides waterway transport, eco-tourism, and habitat protection. Property rights are
extremely complex in this lagoon, including private property rights (aquaculture ponds and fish
corrals granted to households), collective property rights (fishing grounds granted to Fishery
Associations (FAs)), and public property rights (waterways and protected areas) (Marschke et al.,
2012).
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Figure 4.1. Map of the Tam Giang Lagoon in Thua Thien Hue province.
Until 2005, the lagoon was an open access area with poorly defined property rights for different
stakeholders. Local communities were allowed to catch fish freely, and there were no regulations
or restrictions regarding fishing gear (Chi et al., 2018b). This led to exploitative fishing practices,
causing considerably degraded fish stocks and reduced catch (Hanh & Nam, 2010) (Figure 4.2).
Recognising the signs of overfishing and competition of multi-stakeholders over spatial use in the
lagoon, the local government, with the support from international donors and academic
researchers, has initiated several management interventions. They include the establishment of
>80 FAs at the village level for fishery co-management, the removal and rearrangement of half of
the fish corrals to increase water flows, the creation of aquatic habitat protection zones, and the
allocation of the lagoon surface (zoning) for each village. Many fishery regulations were also issued,
such as those that specify allowable fishing gear (mesh size, shape, and the number of fishing gear),
nursery areas, monitoring and patrolling activities and water discharge from aquaculture ponds.
These interventions have triggered positive social-ecological outcomes such as improved fish
stocks, increased fish catch, and reduced illegal fishing in some parts of the lagoon (Ho, 2015).
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However, many long-standing problems, such as the use of destructive gear, overfishing, and spatial
competition, remain unresolved across the lagoon (H. T. Thanh et al., 2020).
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Figure 4.2. Changes in annual fish catch11 and aquaculture production in the Tam Giang Lagoon
(Hanh & Nam, 2010; HSO, 2005, 2010, 2016).
Despite the significant expansion of aquaculture, artisanal fishing has remained the traditional and
most valued livelihood activity for generations across hundreds of communities that surround the
TGL (Mien, 2006). The most deprived fishers who can only afford simple forms of gear (e.g. hooks,
gillnet, push net) often practice mobile fishing activities for their survival. They have long struggled
to sustain their livelihoods against the backdrop of multiple disturbances such as declining habitats,
reduced fishing grounds, deteriorating ecological conditions, restricted access to the lagoon
resources (Binh, 2002), and natural hazards and extreme events (DaCosta & Turner, 2007).

11

Annual fish catch was calculated for households using particular gear only (i.e. fish corrals,
gillnets, bottom nets), not for average households across the lagoon communities. The figure did
not mean a comparison between annual fish catch per household and total aquaculture production,
but visualised the trends of changes of these two factors in the lagoon through time.
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4.2.2. Aquaculture development and associated social-ecological changes in the TGL
The development of aquaculture in the TGL is best reconstructed via four distinct periods (T1, T2,
T3 and T4) that can be identified in the archival research and complemented by relevant literature
(e.g. Andrachuk & Armitage, 2015; Huong & Berkes, 2011; H. T. Thanh et al., 2020).
Introduction and initial growth (T1: 1985-1998)
Aquaculture started in the late 1980s. This coincided with the successful resettlement of the
sampan dwellers12 onto land after the destructive Typhoon Cecil in 1985. It was a case of first come,
first served (Armitage & Marschke, 2013), and a simple extensive model of aquaculture was
adopted using natural fry caught in the lagoon. Aquaculture developed slowly as initially, there
were limited markets for the products and lack of fry, and the freshwater environment did not
favour the growth of shrimp and other brackish species (Mien, 2006). Following the development
of a successful method of fry production in the mid-1990s and an increase in shrimp prices,
aquaculture in the TGL gradually expanded, causing noticeable changes in the lagoon habitat
structure. In addition, the national economic reform in 1986 allowed individual households to
become independent production units and conduct their own economic activities; this had never
been the case in the past. Consequently, the central government issued several supportive policies
(e.g. Land Law in 1987 and its revisions, Decree 64 in 1993) that legalised the conversion of parts of
the lagoon, including fish corrals and the shore of the lagoon, to aquaculture ponds (Huong &
Berkes, 2011; Tuyen, 2002). These changes accelerated the privatisation of lagoon space for
aquaculture.
Boom (T2: 1999-2003)
This period was marked by the catastrophic flood of 1999 that widened the two existing inlets from
the sea and opened a third, substantially increasing water exchanges between the lagoon and sea,
and the brackishness of water in the TGL. This new environmental condition favoured the growth
of saltwater-tolerant species which had a high market demand and value (Andrachuk & Armitage,
2015). The flood also flushed away pollutants and sediments, which had accumulated in the TGL

12

The term sampan dwellers refers to fishers who live on small boats traveling to fish in water bodies in
Vietnam. These mobile dwellers are typically landless, have low income and limited access to healthcare and
education services, and experience poor living conditions. From 1975 to 1986, the Vietnamese government
had attempted to settle sampan dwellers on lands by forcing them to join agricultural cooperatives with
agricultural villages around the lagoon. However, sampan dwellers had moved back to live on boats and
conduct fishing after a few years because they had found critical challenges in doing farm jobs that they had
not done in their life previously. The typhoon 1985 caused serious losses and damage that pushed sampan
dwellers to move on lands with the support from the government in 1986 and thereafter.
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because of the existing aquaculture and surrounding residential discharges. These new conditions
created an ideal growing environment for both wild fish and farmed fish. Existing adopters
increasingly invested in aquaculture.
The high-profit margins, which could be achieved rapidly, attracted more households, especially
into intensive shrimp farming. The provincial government also launched a series of supportive
initiatives through credit programs and changes in land-use conversion policies which further
accelerated the development of aquaculture (Nayak et al., 2016). Increased levels of production led
to improved financial and physical capital for adopters until 2003/2004.
Collapse (T3: 2004-2007/8)
This third period was characterised by the convergence of water pollution, aquatic disease spread,
and overcrowding that severely disrupted fishery-based livelihoods. Because the lagoon space was
densely covered by aquaculture ponds and fish corrals, water exchange to the sea was
compromised, leading to worsening water pollution (Marconi et al., 2010), and the space for
mobile-gear fishers was reduced. Lack of local knowledge about disease management and
inadequate responses from government agencies allowed diseased ponds to directly drain into the
lagoon and spread diseases to other ponds and into communal fishing grounds. Farmed fish
harvests were significantly reduced (Huong & Berkes, 2011; H. T. Thanh et al., 2020), and many
ponds were abandoned, with owners migrating to other provinces or returning to traditional
fishing. However, aquaculture farmers who had benefitted financially in the boom years took
advantage of the collapse to purchase abandoned ponds, thereby increasing their physical
livelihood assets.
Stabilisation and specialisation (T4: 2008-present)
Aquaculture is currently experiencing a phase of both stabilisation and specialisation. Having
learned the painful lessons of monoculture, farmers now experiment with several new models that
embrace multi-species farming to reduce disease risk and harvest losses. Stabilisation is dominant
on the inland side while specialisation is more common on the coastal side of the lagoon where
farmers can successfully manage saline water levels during the rainy season. When specialising,
aquaculture farmers focus mainly on high-value fish species (e.g. Red drum (Sciaenops ocellatus),
Barramundi (Lates calcarifer)) that require high initial labour and technological investments. In
contrast, under stabilisation, farmers continue to rely on three traditional species (shrimps, crabs
and fish) with a low stocking rate. While these new aquaculture models are benefiting farmers, it is
important to note that many long-standing problems such as aquatic diseases and water pollution
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across the lagoon continue to challenge the lagoon (Andrachuk & Armitage, 2015; Boonstra & Hanh,
2015; Hanh & Boonstra, 2018, 2019; Hanh & Nam, 2010; H. T. Thanh et al., 2020) sustainability.
4.3. Methodology
4.3.1. Analytical framework
Our research interest lies in assessing livelihood trajectories and differential outcomes in the
context of wellbeing associated with the adoption of a new livelihood adaptation strategy, namely
aquaculture in the TGL. For this purpose, adopters (aquaculture-dominant livelihoods) and nonadopters (fishing-based livelihoods) were compared. We draw on the personal experiences and life
stories of villagers to examine the social-ecological context within which livelihood adaptations and
outcomes were shaped. A three-stage integrated analytical approach was employed (Figure 4.3).

Figure 4.3. The three-stage analytical framework.
In Stage 1, we first reviewed the available literature (e.g. Andrachuk & Armitage, 2015; Armitage et
al., 2011; Chi et al., 2018a; Hanh & Boonstra, 2018; Huong & Berkes, 2011; H. T. Thanh et al., 2020)
and reports (e.g., DoF, 2015, 2016, 2017, 2018; IMOLA, 2006) to contextualise livelihood patterns
embedded in social-ecological changes in the TGL. Then, we adopted an extended case
methodology (Burawoy, 1998) to analyse the life histories of individual fishery-based households
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and their livelihood adaptations. This methodology enables the extraction of general patterns of
behaviour from empirical cases to theorise relevant social phenomena (Mills et al., 2010). As stated
by Gluckman (1961, p. 10), “the most fruitful use of cases consists in taking a series of specific
incidents affecting the same persons or groups through a long period of time, and showing … [the]
change of social relations among these persons and groups, within the framework of their social
system and culture”. The extended case methodology, therefore, provides a rich descriptive
capacity that allows researchers to understand the way people perceive, understand, and respond
to changes in environmental contexts (Roncoli et al., 2009). It also makes it possible to elicit key
factors, particular events, and underlying processes that influence adaptation decisions and
strategies that individual households or groups may have taken over time (Mellado et al., 2019).
In Stage 2, we used statistical tests to assess differences in household wellbeing between groups of
resource users, following the guidelines from the Millennium Ecosystem Assessment (2005), and to
provide quantitative evidence to supplement the narratives obtained in Stage 1. In Stage 3, we
synthesised the results from Stage 1 (individual life stories, historical contexts, and dynamics) and
Stage 2 (differences in household wellbeing) to identify the livelihood trajectory of each group. The
identified livelihood trajectories were further scrutinised with the participation of villagers in a
participatory workshop. Finally, the livelihood trajectories were illustrated in the three-dimensional
livelihood vulnerability framework. The graphical presentation is ideally suited to visualise similar
or diverging trajectories and the relative vulnerability of each study group within complex changing
social-ecological contexts (Fraser et al., 2011; Sallu et al., 2010)
4.3.2. Data collection
A mixed-methods approach was used to collect both qualitative and quantitative data through two
fieldwork seasons between 2017 and 2019. The first author led all fieldwork activities at the
community level as well as visits to government institutions to collect secondary data. 13 Ten scoping
visits were first undertaken to communities around the TGL to identify suitable sites for data
collection. Two communities Ha Do Phuoc Lap (HDPL) and Village 14 (V14) in Quang Dien district,
Thua Thien Hue province, were selected based on geographical settings representing, respectively,
the distinct social-ecological characteristics of the inland and coastal sides of the TGL, community
engagement in aquaculture, and accessibility (Figure 4.1).

13

In Vietnam, communities and villages represent the same administrative unit. We therefore use these two terms
interchangeably.
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Semi-structured interviews (n=31) were conducted with fishers and aquaculture farmers to capture
life histories, understand household characteristics, livelihood adaptations and outcomes as well as
to establish rapport with villagers for further research activities. This interview format ensured that
all key questions were addressed while providing ample space for interviewees to freely express
their own experience and knowledge (Ritchie & Lewis, 2003). Community leaders were approached
and interviewed first, then additional participants through snowball sampling. The interview
questions considered general household demographics, livelihood activities and changes related to
aquaculture and external disturbances, and adaptive strategies.
Four focus group discussions (FGDs) were organised separately for fishers and aquaculture farmers.
Each involved nine to eleven participants representing diverse socioeconomic and demographic
backgrounds (n=39). This approach allowed us to capture diverse perspectives and avoid bias
caused by influential individuals14. In each FGD, the participants constructed a visual timeline on a
large sheet of paper through which to depict and deliberate the key milestones of aquaculture
development, changes to livelihood activities and the ecological condition of the TGL, and the
governance system.
Several transect walks accompanied by villagers were undertaken to households, local markets,
communal fishing grounds and aquaculture ponds to understand the lagoon environment, farming
system, community-built infrastructure, and livelihood practices. Subsequently, 90 face-to-face
household livelihood surveys were conducted in HDPL (approximately 40% of the total households)
and 52 in V14 (77%) (n=142). The selection of fishing and aquaculture households was based on a
list provided by the respective community leaders that ensured roughly equal participation. Surveys
were designed to collect both quantitative and qualitative data on household socioeconomic
background, demographics, livelihood activities, strategies and outcomes, and experience of fishery
system changes.
Finally, a participatory workshop in Hue City in January 2019 involving 23 villagers was organised to
review preliminary results relating to community livelihood dynamics and wellbeing associated with

14

The literature on livelihoods and development has well documented impacts of influential individuals (e.g.
community leaders) in participatory activities such as FGDs and workshops. However, in my case study,
surprisingly, the influential individuals did not appear to seek to dominate or attempt to control the
discussions. They played a rather neutral role in the discussions with the other participants. In practice, there
often is some unconscious bias given the presence of community leaders and other powerful people that
affect the FGDs. Hence, to minimise potential effects of the influential persons in my FGDs, I always
encouraged all participants to express their viewpoints/ideas on a topic under discussion before moving on
to others.
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aquaculture development. Four post-workshop interviews with selected villagers provided
additional information to resolve outstanding questions.
4.3.3. Household wellbeing analysis
Wellbeing is a major desirable outcome of livelihood adaptation strategies, as documented, for
instance, by Gautam and Andersen (2016) for rural communities. Comparing household wellbeing
between subject groups can provide quantitative evidence associated with particular livelihood
trajectories. As no data on household wellbeing associated with all particular milestones of
aquaculture development in the TGL (see Section 4. 2.2) were available, comparisons of present
wellbeing conditions (in 2018) were used as a sensible proxy. Twenty-seven indicators that cover
tangible aspects (assets, incomes, etc.) and intangible features (perceptions of ecosystems, actions,
and choices, etc.) were predetermined before the fieldwork commenced. They were used to
represent the five components of wellbeing, following the Millennium Ecosystem Assessment
(2005), namely: basic materials for a good life, health, security, social relations, and freedom of
choices and actions (Table 4.1). These indicators allowed the inclusion of material living conditions,
individual preferences, and social and cultural contexts as measures of household wellbeing.

Table 4.1. Indicators used for calculating the household wellbeing index
Component
Basic
materials
for a good
life

Subcomponent

Indicators

Unit of measurement

Food security

Food security

Yes = 1; No = 0

Household
safety
and
sanitation
conditions

Type of house
Connect to clean water supply
Connect to electricity
Domestic fuel use

Semi-brick = 1, Brick = 2
Yes = 1; No = 0
Yes = 1; No = 0
Gas/electricity use =1, Otherwise = 0

Household
domestic
assets

Number of beds, tables and
wardrobes
Number of TVs
Has personal computer(s)
Number of fridges and washing
machines
Number of mobile phones
Number of motorbikes

Item
Item
Yes = 1; No = 0
Item
Item
Item

Household
productive
assets

Number of fishing boats
Number of fishing gear (equivalent to
“lu”**)
Aquaculture area

Item
Set
ha

Financial
status

Income in 2017

VND (in million)*

Income and saving status***

Low income = 1; Medium income
(without savings) = 2; High income
(with savings) = 3
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Component

Subcomponent

Indicators

Unit of measurement

Dependency ratio***
Access to good health care centres
Has clean environment to live

Scale from 1-5 (not accessible - easily
accessible)
Scale from 1-5 (completely disagree totally agree)

Security

Has a safe place to live
Has a secure house

Scale from 1-5 (completely disagree totally agree)
Scale from 1-5 (completely disagree totally agree)

Social
relations

Has good social relationships
Help neighbours in misfortunes
Contribute charity for the community

Scale from 1-5 (completely disagree totally agree)
Scale from 1-5 (completely disagree totally agree)
Scale from 1-5 (completely disagree totally agree)

Freedom of
choice and
actions

Can access to all basic services
Has enough land/water areas for
production
Has voice heard by local government

Scale from 1-5 (completely disagree totally agree)
Scale from 1-5 (completely disagree totally agree)
Scale from 1-5 (completely disagree totally agree)

Health

Labour
resource

(* 1 mil. VND = US$ 45.00 as of 1 August 2019; **lu is a bottom steel-framed trap and a common type of
fishing gear being used in the Tam Giang Lagoon (Figure 4a); *** In this study, income and saving status are
combined because their relationships are positively associated in rural Vietnam (Newman et al., 2008);
****Ratio of number of non-working-age population (<15 years old or >60 years old) to the working-age
population (15- 60 years old).

Data collected from household surveys were used to construct a household wellbeing index. Since
the indicators were measured in different units, the common min-max scaling standardisation
method (UNDP, 2014) was used to convert the indicators into indices. Sub-indices were calculated
by averaging standardised values of their respective indicators. Finally, the composite household
wellbeing index was obtained by averaging standardised values of all sub-indices (Gautam &
Andersen, 2016). The composite household wellbeing scores range from 0 to 1 to indicate low to
high wellbeing.
We then examined the extent of potential differences in present household wellbeing between
fishing and aquaculture households using statistical tests. Firstly, the Chi-square test for goodness
of fit was used to determine whether there were statistically significant differences in demographic
characteristics (age, education level, dependency ratio, and income) between respondents of the
two household groups. Secondly, the Chi-square test for independence (χ2) was applied to assess
associations between household occupations (fishing vs. aquaculture) and perceptions of
wellbeing. Respondents had been asked: “Have your household livelihoods and wellbeing improved
or gotten worse since the advent of multi-species aquaculture”? When associations were
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statistically significant, the Phi coefficient was used to evaluate the strength of associations
between the two variables (Pallant, 2003). Thirdly, the logistic regression test was performed to
assess how well our set of wellbeing indicators explained and predicted the subjective perception
of household wellbeing over recent years. These tests also identified whether the differences in
current wellbeing as appraised by the two groups were statistically significant and how well the set
of selected indicators explains household wellbeing. Finally, an independent-sample T-test was
performed to examine whether the composite index and sub-indices of household wellbeing were
statistically different between the two groups. When the difference was significant, the Eta squared
value was sequentially calculated and reported. All statistical tests were computed using SPSS 20.0
for Windows.
4.4. Results
4.4.1. Household characteristics
The two villages share some demographic and socioeconomic characteristics but differ in others.
More importantly, they depict clear differences between aquaculture-dominant and fishingdependent households. V14 was formed in 1986 when the many sampan dwellers resettled after
Typhoon Cecil. This village is currently home to 67 households and 224 residents. Fishery activities
in V14 benefit from the brackish water environment and are less affected by floods and overflows
from the rivers because of their proximity to the sea. In contrast, HDPL is on the inland side with
220 households and 976 residents. The village was formed by both native residents and sampan
dwellers. HDPL is one of the most inundated and isolated villages in the flooding season as it is lowlying land and close to a river estuary. Both villages have high poverty rates compared to the
national average for rural areas (14% and 7.5%, respectively) (DSO, 2016), with four as many
residents impoverished in HDPL relative to V14.
Within communities, fishing households had a slightly higher dependency ratio than aquaculture
households (Table 4.2). The average education level of the heads of households was extremely low.
Fishing households had a higher percentage of no schooling and a lower percentage of secondary
and higher education than aquaculture households. Households in V14 generally had higher formal
education levels than households in HDPL. While all households in V14 were food secure, 21.7% of
fishing households and 9% of aquaculture households in HDPL were food insecure. Food shortage
was reported mainly for the rainy season (October to December) when the villagers are unable to
fish or undertake aquaculture activities because of severe weather and decreased water salinity.
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Table 4.2. Household characteristics
Fishing households
(n=67)

Group

Aquaculture households
(n=75)

HDPL (n=46) V14 (n=21)

HDPL (n=44) V14 (n=31)

Average age of respondent (year)

48.0

49.0

54.4

54.8

Average household size (persons)

4.5

4.4

4.3

4.3

Number of working-age members
(15-60 years old) (persons/household)

3.1

3.3

3.2

3.3

Dependency ratio

0.43

0.31

0.32

0.27

No schooling (%)

28.3

9.5

27.3

6.5

Primary (%)

65.2

71.5

41

61.3

Secondary and above (%)

6.5

19.0

31.7

32.2

Average household domestic assets (items) 7.4

13

9.3

16

Electricity connection (%)

100

100

100

100

Domestic water supply (%)

100

100

100

100

Number of fishing gear (lu) (sets)

92.3

110

68.2

52.9

Aquaculture area (ha)

0

0

0.62

0.65

Food insecurity (%)

21.7

0

9.0

0

Average income in 2017 (1000 VND)

48,304

56,809

45,772

120,000

Low income (%)

24.0

14.3

18.2

0

Medium income (without savings) (%) 58.7

62.0

66.0

19.3

High income (with savings) (%)

17.3

23.7

15.8

81.7

Loan and in-debt status (%)

100.0

76.2

70.5

67.7

Average amount of loan (1,000 VND)

60,261

21,625

55,400

39,810

Head of household education level

Income and savings

Household income of both fishing and aquaculture households was similar in HDPL, but in V14
aquaculture households could earn twice as much as fishing families. The majority of households
(~60%) in both villages reported a medium-income without savings for re-investment. Taking loans
from local banks was common and an important source of finance for all households, especially
fishing families. All fishing households in HDPL were indebted to an amount that exceeded their
annual income. Differences in household size (χ2 = 174.19, df = 9, p < 0.0001), education level of the
heads of households (χ2 = 196.48, df = 3, p < 0.0001) and annual income (χ2 = 144.36, df = 25, p <
0.0001) between the fishing and aquaculture households were statistically significant. There was
no significant difference in age of the heads of households.
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4.4.2. Current livelihood activities
Three dominant categories of livelihood activities exist in both communities, namely aquaculturebased, fishing-based, and non-fishery-based, with the vast majority of households (~80%) relying
on the first two (fishery-based livelihoods)15. In 2018, 91, 22 and 67 households conducted fishing,
aquaculture and mix of both activities as their main livelihoods in HDPL, respectively. Meanwhile,
V14 had 21, 31 and 4 families that employed those activities. Figure 4.4 depicts typical fishing gear
(a) and aquaculture ponds (b). The non-fishery activities for the remaining 20% are mainly small
grocery and aquatic product trading, typically undertaken by single, elderly-headed households.
Although classified as non-fishing, several of these households still rely on the fishery-based
activities carried out by their children, and therefore indirectly depend on the lagoon resources.
Most of the surveyed households (90%), including many young families, anticipated continuing
their traditional livelihood activities (fishing, aquaculture), mainly because of limited alternative
livelihood choices (83%) or genuine passion for their way of life (35%).
b)

a)

Figure 4.4. Main livelihoods in the Tam Giang Lagoon (a: fishing boats; b: aquaculture ponds).

Despite the surge in aquaculture, artisanal fishing still remains one of the main livelihood activities
in both villages, engaging around 40% of households. Artisanal fishers in the TGL are understood as
two groups: the mobile-gear fishers16 who travel to fish within permitted areas of the lagoon and

15

Until early 1980, there were no forms of aquaculture in the TGL. Fishery communities conducted capture
fishing for their livelihoods. According to the interviewees, the rise of market demand for fishery products
was the main factor that initially encouraged villagers to adopt aquaculture production. However, as the
lagoon resources were abundant, aquaculture required financial investment and villagers lacked aquaculture
experiences, there were only some villagers invested in aquaculture at that time.
16
Mobile-gear fishers use various types of gear such as lu, gillnet, hook and line, pushnet, dragnet and eel
rake.
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the fixed-gear fishers17 who have their fishing gear attached to the bottom of the lagoon, e.g. fish
corrals. In 2018, fixed-gear fishers accounted for only less than 10% of total households. As these
two groups of fishers shared similar socioeconomic (e.g. residential time in villages (30-35 years),
number of household members (~4.5 persons), income (45.0 - 50.0 mil VND) and lifestyle
characteristics (capture fishing activities), we considered them as one group (fishing households) in
our analysis. All fishing households made their income mainly in the dry season; any fishing in the
wet season was for subsistence.
The average household income obtained from fishing was comparable across villages, a result that
indirectly reflects a homogeneous picture of fish stock and fishing-based livelihoods across the TGL.
However, fishers in V14 gained 15% higher income than those in HDPL (Table 2). This can be partly
explained by the larger fishing grounds available due to the lower population and larger allotted
lagoon space, a higher labour force, and more fishing gear. Within the fishing household group in
each village, fixed-gear fishers (fish corral fishers) reported a relatively higher income (approximate
15%) compared to mobile-gear fishers.
While the average aquaculture area per household was similar in both villages (~0.65 ha), about
50% of households in V14 had taken up aquaculture compared to only 38% in HDPL. The extent of
poverty emerged as a key contributor to the differential ability to take up aquaculture as a new
livelihood strategy18. The income of aquaculture households in V14 was almost three times higher
than in HDPL. Higher income in V14 was mainly due to multi-fish innovative farming (cross-flooding
aquaculture) that allowed certain households to operate aquaculture all year round. In contrast,
households in HDPL could only engage in aquaculture in the dry season, as illustrated in the monthly
calendar below (Figure 4.5). Characteristics of the income distribution are illustrated in the Lorenz
curves (Figure 4.6), which show notably higher income inequality among aquaculture households
than fishing households.

17

Fixed-gear fishers mainly use fish corrals but they also other types of gear such as stake traps, bottom nets,
fishing aggregating device, mussel rake and eel rake.
18
It is arguable that there are possibly two-way (cause – effect) relationships between poverty status and
aquaculture adoption. However, the interviewees emphasised that poverty was one of the main causes that
prevented them from adopting aquaculture back in the 1980s as aquaculture required much more initial
financial investment than fishing.
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Figure 4.5. Main livelihood practices across the months of the year (HH=households).
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Figure 4.6. Income distributions by groups and communities.
In response to changes in the lagoon social-ecological system, households have adopted various
adaptation strategies within and beyond the fishery sector to maintain their livelihoods (Figure 4.7).
As illustrated in Figure 4.7, the strategies differed considerably between aquaculture-driven and
fishing-dependent livelihoods, with the exception of continuing already established practices. The
adaptation strategies were bundled together within each group of households. Fishing households
have tended to intensify their fishing efforts, including using more gear, moving to further fishing
grounds afield and taking longer fishing trips. This implies that adaptation strategies of this group
are mainly based on their own capacity. Aquaculture households have adopted more technical
adaptation strategies in consultation with aquaculture extension officials (e.g. cultivated new
species, investigated causes and solutions for aquatic diseases, and used more manufactured
feeds).
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Households also diversified the livelihood spectrum to non-fishery employment such as seasonal
wage labour and factory when possible. Some households have reportedly moved between fishing,
aquaculture and non-fishery activities while other families have retained their main livelihood
activities (fishing and/or aquaculture) over the past three decades. Factors that influenced the
move between livelihood activities varied from household to household but mainly included
household circumstances (e.g. human capital, social networks), ecological conditions (e.g. fish
catch, farmed fish diseases), and wider economic opportunities (e.g. wage labour, factory
employment).

Clean up ponds
Move to further fishing
grounds

100
Increase manufactured feeds

80
60
40

Take longer fishing trips

Cultivate new species of fish

20
0
Use more gear/more effective
gear

Find causes and solutions for
diseases
Skip one season (fishing or
aquaculture)

Take additional wage labor jobs

Continue aquaculture/fishing
and hope for luck

Aquaculture households (%)

Fishing households (%)

Figure
4.7. Common livelihood adaptation strategies among aquaculture (n = 75) and fishing households
(n=67)19.
4.4.3. Differences in household wellbeing between fishing and aquaculture livelihoods
To further investigate differences between aquaculture-driven and fishing-dependent livelihoods,
we examined the extent of differential wellbeing conditions. Results from the statistical analyses
show that aquaculture households had a significantly higher composite wellbeing index than fishing
households (t(142) = -5.759, p < 0.0001 two-tailed ); the variance in this index was largely explained
by the livelihood activity (𝜂2 = 0.19) (Table 3). There were also significant differences in the three

19

Figure 4.7 represents the number of households (in %) who adopted a specific adaptation. This means that
the household used multiple adaptations, not only one. As shown in the figure, adaptation strategies were
distinctive between two groups, in which fishing families used more fishing efforts to maintain their catch
and aquaculture households applied more technical adaptations to increase the yield.

120

sub-indices, basic materials for a good life, security, and freedom of choices and actions, but not
for health and good social relations (Table 4.3).
Table 4.3. Differences in the household wellbeing index and sub-indices (n=142)
Household wellbeing index

Fishing
households

Aquaculture
households

t value

Effect size
( 𝜂2 )

Basic materials for a good life

0.50 (0.09)

0.57 (0.10)

-4.35*

0.12

Security

0.68 (0.142)

0.77 (0.13)

-3.83*

0.09

Health

0.66 (0.12)

0.68 (0.15)

-0.74

-

Good social relations

0.64 (0.11)

0.67 (0.12)

-1.39

-

Freedom of choices and actions

0.60 (0.10)

0.70 (0.13)

-5.02*

0.15

Overall

0.61 (0.05)

0.68 (0.07)

-5.76*

0.19

(Numbers outside and inside parentheses are means and standard errors; * indicates significance
level: p < 0.001)
There was a significant association between the main livelihood activities (fishing and aquaculture)
and perceived wellbeing status (χ2 (1, n = 142) = 22.497, p< 0.0001,  = 0.41). The logistic regression
model was able to distinguish between respondents who reported and did not report improved
wellbeing conditions in recent years (χ 2 (26, n = 142) = 120.399, p < 0.0001). The model explained
between 57.2% (Cox and Snell R square) and 79.8% (Nagelkerke R square) of the variance in the
perception/status of wellbeing, and correctly classified 93.0% of the cases. Among the independent
variables, eight (income, number of TVs, number of mobile phones, number of fishing boats, saving
status, aquaculture area, good social relations, and helping neighbours) showed statistically
significant differences between fishing and aquaculture households. A second logistic regression
was used to assess how these eight variables affected the likelihood of respondents reporting their
household wellbeing. Three variables (income, saving status, and aquaculture area) made
statistically positively contributions to the model (χ 2 (8, n = 142) = 75.280, p < 0.05) (Appendix 3).
Thus, the respondents who had a higher income level, better saving status and larger aquaculture
area were likely to report better household wellbeing20.

20

Further to the tests above, a third logistic regression test was conducted to examine how different
components of wellbeing (e.g. basic materials for a good life, health, security, social relations, freedom of
choices and actions) and livelihood activities (fishing and aquaculture) affect subjective wellbeing. The model
contained six independent predictors was statistically significant (χ2 (6, n = 142) = 71.886, p < 0.0001),
indicating that the model was able to distinguish between respondents who reported a better or worse
wellbeing condition in recent years. The model as a whole explained between 39.7% Cox and Snell R square)
and 55.5% (Nagelkerke R square) of the variability of subjective wellbeing perceptions, and correctly classified
82.4% of cases. Three predictors, including group, basic materials for a good life, and health variables, showed
a unique statistically significant contribution to the subjective wellbeing (Details are in Appendices 6 and 7).

121

4.4.4. Livelihood trajectories of fishery-based households
Having established significant differences between the aquaculture-dominant households and
those pursuing predominantly artisanal fishing, we now turn to livelihood trajectories over time.
Given the historical context of aquaculture development and social-ecological changes, individual
households have pursued various adaptation strategies, resulting in different outcomes of
household livelihoods and wellbeing over the last three decades. Table 4.4 provides an overview of
how household livelihoods and wellbeing have changed over time, based on the household survey.
Among aquaculture households in V14, 97% stated that the period of 2015 to 2018 was the best
for their household livelihoods because of the success of the specialised aquaculture model. This
contrasts with other groups of households that experienced their livelihoods flourishing prior to
2000 and deteriorating with the erosion of ecological conditions in two subsequent decades.
Three distinct life-stories selected from 31 interviewed households, with respective factors
contributing to vulnerability and resilience over time, are illustrated in Table 4.5. These three cases
were representative of three groups: fishing households in both villages, aquaculture households
in HDPL, and aquaculture households in V14. These three lived experiences serve to illustrate three
broader types of livelihood trajectories that are clearly traceable throughout the lagoon, namely
accumulating, fluctuating, and marginalising. These distinct trajectories are visualised in Figure 4.8.
The first group, fishing households, has followed a path of increasing vulnerability (as shown by the
upward red arrow), due to changes in the lagoon ecological and environmental conditions and
governance restrictions in fishing activities. Reduced fish stocks and fishing grounds, combined with
increased pollution, have led to the more widespread use of destructive gear, which accelerates
ecological degradation, further reducing fish stocks (low ecological capacity), and consequently fish
catch and income. This, in turn, eroded the household’s capacity to respond to future changes
(shown as low household adaptive capacity).
Table 4.4. Best livelihood conditions in three critical periods, as experienced by the participating
households (%)
Group of households

~ 2000

~2005

Recent year
(2015-2018)

Total

Fishing HHs-V14 (n=21)

47.7

28.5

23.8

100

Aquaculture HHs-V14 (n=31)

3.2

0.0

96.8

100

Fishing HHs-HDPL (n=46)

63.0

30.4

6.5

100

Aquaculture HHs-HDPL (n=44)

68.2

13.6

18.2

100
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Although fishing-based livelihoods have continued to play an important role in the lagoon
communities, past and current fisheries management policies have failed to focus on improving
fishing-based livelihoods (low institutional capacity). According to the interviewed fishers, policies
that allowed the privatising of lagoon space, requested the removal of fish corrals, converted fishing
grounds to no-take zones, and restricted fishing gear types significantly curtailed adaptation
options to sustain their livelihoods. These factors have entrenched the suboptimal livelihood
conditions of this group in the space of increased vulnerability. As a result, most fishing households
in the TGL are locked into a marginalising trajectory. According to eyewitnesses, some fishing
households exited fishing activities to migrate to other provinces during the collapse periods of the
fishery system, and some became wage labours for aquaculture farms during the aquaculture boom
periods in the TGL.

Figure 4.8. Illustrative representation of livelihood trajectories in the three-dimensional
vulnerability framework, adapted from Fraser et al. (2011). T1, T2, T3 and T4 indicate the periods
of aquaculture development in the Tam Giang Lagoon (see Section 4.2.2).
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Table 4.5. Three examples of household storylines reflecting dynamics vulnerability and resilience contexts
Case study household

Factors affecting resilience (R) and vulnerability (V)
through time

Accumulating trajectory
Vulnerability
V1: Extreme event

Case 1 – Mr. Nguyen (age 50, aquaculture farmer in V14)
Mr. Nguyen followed a nomadic life with his family on a boat in
the TGL until 1986. His family settled down on land (~300 m2) in
V14 using a government settlement programme after Typhoon
Cecil hit the lagoon in 1985 and flushed away his family boat. The
settlement helped reduce risks of losses and damage caused by
extreme events that periodically occurred in the lagoon. His
family started aquaculture in 1989 when the local government
allocated lagoon space for its development. At the beginning of
the aquaculture era in V14, he and other villagers were provided
with knowledge and techniques from an aquaculture specialist.
His yields gradually increased with experience. His family still
maintained its fishing activities. Although aquaculture was taking
off, fishing was still the main source of income for his family until
2000 as they could earn “one golden ring” (a common unit used
in rural areas to indicate high income) per day from just fishing in
the lagoon. This was because fish were abundant, and the
number of fishers was low.
After the flood in 1999, the brackish water was ideal for
aquaculture, and as export demand of shrimp had increased, he
decided to purchase a new pond (6000 m 2) in 2000 into which he
invested all his family’s financial and labour resources. In the next
two years, Mr. Nguyen obtained enormous profits from his
ponds. However, by 2003, his ponds were severely affected by
diseases and by 2008 they were unprofitable. During these six
years, he attempted to re-culture fish after every disease
outbreak, but he failed because of the polluted water and the
persistence of disease. This resulted in a substantial debt (~160
mils. VND). Although fish stocks in the lagoon had also noticeably
declined since 2000, his family remained active with fishing
activities (fish corral), and this helped them to survive through
this difficult period.
In 2008, the Provincial Department of Fisheries introduced and
encouraged villagers to apply for a new aquaculture model
(multi-species) which focused on less disease-sensitive species
(fish instead of shrimp). This new model helped aquaculture
recover and annual yields of around three tonnes of fish
/pond/year were achieved. In 2011, through his fishery network,
Mr. Nguyen heard of and applied an advanced aquaculture model
introduced by elite villagers, called “cross-flooding aquaculture”.
He then cultivated only some high-market-demand species
(specialised aquaculture) and pumped up saline water from
underground aquifers into ponds to maintain a brackish
environment to promote fish growth throughout the wet and
flooding season, thereby allowing year-round harvesting. This
model brings him even higher annual yields/pond (six to seven
tonnes) and massive profits. However, it requires a high initial
financial investment. He used his fishery network to provide the
start-up funds by connecting with various suppliers (fry and feeds
providers, wholesale fish buyers) to obtain the necessary
equipment in advance and return it at harvest time.
In 2018, Mr. Nguyen paid off his debts and still had a significant
amount of money at the bank. Although this advanced model is
currently stable, Mr. Nguyen perceives several problems may
possibly affect his ponds in the future. These include a decrease
in water salinity due to longer-lasting rainy seasons (climate
change), water pollution due to increased discharges from
multiple sources within and around the lagoon, and aquatic
diseases.
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Resilience
R1: Resource abundance
R2: Government support
R3: New livelihood opportunity
R4: Access to knowledge
R5: Brackish environment
R6: Accumulating aquaculture
area
R7: Rising of market demand

V2: Pollution & diseases
V3: Lack of knowledge
V4: Financial debt

2000s
R8: Income diversification
R9: Government support
R10: New farming model
R11: Social networks
R12: Production network
R13: Technology adoption
R14: Financial accumulation
R15: Advanced farming model

V6: Climate change,
water pollution, diseases

Table 4.5 (continued)
Case study household

Factors affecting resilience (R) and vulnerability (V)
through time

Fluctuating trajectory
Case 2 – Mr. Hoang (age 60, aquaculture farmer and fisher in HDPL)
Mr. Hoang has lived in HDPL all his life. His family originally had an
agricultural background and cultivated crops. They engaged in fishing
after the war ended in 1975 when the demand for fish increased and
fishing activities brought higher food security and income. Before
1986, although he only had fishing rods and simple nets, the fish catch
was very high as the fish stock was abundant in the lagoon. In 1985,
Typhoon Cecil hit the HDPL community, destroying his house and
boats, and flushing away his fishing gear. His family received some inkind support from the government and NGOs in the form of food and
daily-use items.
In 1987, Mr. Hoang learned a new fishing technique, namely fish
corrals (fixed gear, still used in the lagoon today), from fishermen in
the southern part of the TGL, and he became the first fisherman to
apply this new method in his community. He built three fish corrals
that covered about five ha of the lagoon space. This new fishing
method could yield hundreds of kilograms of fish per day. He used
part of the income to build the first concrete house in the village in
1996. In 1997, the local government revoked and reorganized all fish
corrals in the village and allocated the space for aquaculture
development, following a central government policy issued in 1994.
By way of compensation, he was given three ha of lagoon space to do
aquaculture. He took a loan of 50M VND from the bank to build
aquaculture ponds.
Between 1997 and 2002, mono-species shrimp aquaculture was high
yielding. Mr. Hoang invested a small part of his income for a second
house in 2000 and the major part on aquaculture but did not pay off
the loan as he thought the aquaculture development would remain
secure. In 1999, a catastrophic flood hit the community, fortunately
already after the harvest season. However, from 2003 to 2006, his
shrimps were seriously affected by white spot and yellow head
diseases because of water pollution and limited water exchange with
the sea.
During this period, Mr. Hoang tried to solve the disease problem but
was unsuccessful. He lost all his revenue from aquaculture and was
unable to pay off his loans. Faced with this hardship, he sold one pond
(5000 m2) to his neighbour to survive and to fund fish for the
remaining ponds. During this difficult time, he returned to fishing
activities using lu in parallel with aquaculture. In 2000/2001, he
became a community leader and received a small monthly financial
allowance from the government.
In 2008, Mr. Hoang started applying the new multi-species
aquaculture model in his ponds. Although this model generated lower
yields and profit than mono-species shrimp, it reduced the risk of
disease and harvest losses. It saved his aquaculture enterprise. He
gave his sons two ponds in 2010 and 2015 when they established
their own families. In 2010, the government launched a new policy
which provides one million VND per aquaculture pond for villagers.
Although this amount is not much, Mr. Hoang used it in combination
with his monthly financial allowance to reinvest in aquaculture.
Since 2015, his daughter works in an industrial factory and earns a
monthly salary that she sends to help the family. In 2018, Mr. Hoang’s
ponds were reinfected by disease, and he lost 18M VND in the
harvest. Currently, he focuses on aquaculture in the dry season and
on fishing activities in the rainy season for family consumption.
Although his aquaculture is profitable today, he is still indebted.
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Resilience
R1: Rising of market demand
R2: Resource abundance

Vulnerability

V1: Extreme event
V2: Loss of physical assets
R3: Government and external
support
R4: Access to knowledge
R5: Financial accumulation
V3: Loss of productive
assets
R6: Possession of new assets
R7: Access to financial credit
R8: Success of aquaculture
V4: Pollution & diseases
V5: Lack of knowledge

2000s
R9: Selling of productive assets
R10: Income diversification
R11: Salaried employment
R12: New farming model

V6: Giving of productive
assets to relatives
R13: Government support
R14: Increase of human capital
V7: Aquaculture disease
risks
R15: Seasonal income
diversification
V8: Financial debt

Table 4.5 (continued)
Case study household

Factors affecting resilience (R) and vulnerability (V)
through time

Marginalizing trajectory
Vulnerability

Case 3 – Mr. Pham (age 45, fisher in HDPL)
When he was young (the 1990s), Mr. Pham enjoyed
fishing because of the abundance of fish in the lagoon. He
had a fish corral before 2000 that provided the main
income to his family; however, he sold it to another fisher
because it was located in the deepest part of the lagoon
where it was most affected by water flow and traffic. He
then used mobile gear for fishing around the lagoon.
Mr. Pham lived on a boat with his wife and children until
2004. His family was one of the last fishers to settle on the
land. This happened after a cyclone hit his boat and killed
his first child. The local government provided an area of
150 m2 and a small amount of money to build a house.
However, the house was never completed. As a
newcomer to the village, his family did not receive much
support from the neighbours. His family completely relied
on fishing activities as he did not own or rent any
aquaculture pond.
Since 2009, mobile fishers have been allowed to fish
within allocated fishing grounds only. Mr. Pham is
convinced that fish stocks have declined significantly
since the time he settled, and some species are no longer
seen or caught. His catch is very low today, especially in
the winter. This is because aquaculture ponds have
occupied all the nursery areas for fish reproduction, and
because of the rise of lu and the use of destructive gear
that caught fish in all size.
Mr. Pham has used different gear to catch fish, but never
lu as this gear has a high initial cost (at least 100 M VND)
and is often stolen by other fishers. In addition, his wife
has a health problem that does not allow her to work with
lu. They fish in the dry season (February to August). In the
rainy season, he often cannot fish because of (1) severe
weather conditions, and (2) small stocks as fish migrate to
the sea when the water freshens in the lagoon. He cannot
even catch enough fish for family consumption during the
rainy season. They often borrow money from relatives
and fish buyers to get through difficult times and return
the money in the following fishing season. Mr. Pham
would like to borrow an adequate amount of money
(~150M VND) from the bank to purchase an aquaculture
pond because he believes that fishing-based households
will be facing more challenges in the coming years due to
environmental degradation, decrease in fish stocks, and
unsustainable fishing practices. However, the bank
refuses such a large loan as he has no valuable belongings
such as an aquaculture pond possession certificate for a
deposit. Due to financial constraints, his daughters had to
leave school at the age of 13 and 14 to work for their
relatives in other cities.
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Resilience
R1: Resource abundance
R2: Possession of productive
asset
R3: Free access to fishing
grounds

V1: Extreme event
V2: Selling of productive
assets
R4: Government support
V3: Lack of productive
assets
V4: Lack of social networks
V5: Limited livelihood
options

2000s

V6: Resource degradation
V7: Limited access to
fishing grounds
V8: Lack of financial
resources
R5: Social networks
V9: Limited access to
financial resources
V10: Decrease of human
capital

Aquaculture households learned from the past and, when available, positioned themselves to adopt
new aquaculture models, using new technologies to maintain suitable in-pond environments for
fish growth during the rainy season. Some ecologically privileged households that could extract
underground saline water for their ponds have successfully applied the specialised farming model
that so far has dramatically improved their household assets, income, and living conditions. These
households are represented in the accumulating trajectory, shown in the green arrow (the second
group). Other households also attempted to pursue this new farming model, but their livelihoods
recovered more slowly and less dramatically following the aquatic disease burden, mainly due to
the limited availability of natural capital (lack of efficient underground saline water). These
households follow the fluctuating trajectory, depicted by the blue arrow (the third group).
The three above-mentioned trajectories reflect general trends of livelihood dynamics the majority
of households has followed. They do not necessarily mean that every single household in each
group has followed the same trend. The livelihood dynamics of each family have also been
influenced by emerging opportunities such as the demand for effective fishing gear, factory
employment and labour export. For example, some fishing households opened shops to trade
fishing gear when the demand for gear increased or divided household labour to work in industrial
factories in nearby towns. They accumulated the financial capital, and to some extent, escaped the
marginalised trajectory. Moreover, as witnessed by the interviewees, there have been shifts
between fishing and aquaculture activities. Some fishing families had switched to aquaculture in
the aquaculture boom phase and returned to fishing when aquaculture collapsed. Likewise, some
aquaculture households sold their ponds during the aquaculture collapse period and became
fishers.
4.4.5. Differential livelihood struggles
While the livelihood trajectories of the household groups are surprisingly distinct, they remain
interconnected. Livelihood adaptations taken by one group have consequences for the other. This
is true for the past and can be expected for the future as well, harbouring potential unintended
consequences. Here, we present key struggles and possible solutions as reported by
representatives of the three livelihood trajectories, with relevance for policy interventions.
The accumulating households were mainly preoccupied with the urgent necessity for juvenile fish
production centres in the lagoon to supply their farming systems, as they currently have to travel
400 km to the south to purchase juveniles. Differences in ecological conditions between the TGL
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and distant production centres may significantly reduce the quality and survival rate of juvenile fish,
increase disease risk for native species within the TGL, and increase initial labour costs for
aquaculture. On-site produced juveniles, so it was argued, would better cope with the
environmental conditions and therefore reduce the risk of harvest losses. In addition, the same
thriving households were adamant about regulations regarding fishing gear cleaning, especially the
increasingly widespread and problematic use of lu (a bottom steel-framed trap, see Figure 4.4a).
They insisted that the local government ought to adequately force fishers to comply with existing
rules and decrees to prevent toxic chemicals being released into the lagoon. They saw gear cleaning
as highly risky as aquaculture ponds regularly exchange water with the lagoon in order to maintain
the in-pond environment for farmed fish.
In contrast, those households trapped in a marginalising trajectory identified as their most difficult
struggle their own reliance on destructive (and by now mostly illegal) fishing gear, acutely aware
that it destroyed ecological habitats, thereby reducing fish reproduction and consequently
compromising their own livelihood base. Despite many regulations and initiatives (e.g. the ban on
the use of destructive gear, the establishment of FAs, and the launch of a co-management
mechanism), respect for the rules and regulations continues to be low. This was attributed to
inadequate mechanisms for punishing the violators and a lack of agreement and consensus
between fishers regarding implementation and enforcement (also confirmed by Chi et al. (2018b)).
The poorest felt further squeezed by the conversion of lagoon water space that they could
previously access as communal fishing grounds to new areas for aquaculture and other purposes.
As such, the wealthy aquaculture households condemned the poorest lagoon dwellers to a state of
heightened vulnerability. To overcome ongoing livelihood barriers, respondents on this downward
trajectory requested state subsidies that would match those received by aquaculture farmers and
put an end to the presently unequal benefits derived by fishers and aquaculture farmers from
available state resources. They also proposed that aquaculture farmers using the new crossflooding model avoid using fry and small fish caught in the lagoon to feed their farmed species. This
would allow the fishers to continue fishing for small fish rather than looking for even smaller ones,
which would lead to less reproduction and lower stocking levels of wild fish in the lagoon.
The fluctuating households shared some similar concerns with the accumulating group (e.g. risk of
environmental pollution and aquatic diseases, and the need for juvenile fish centres) and some with
the marginalising group (e.g. control of illegal fishing gear). They recognised the rise in the use of
destructive gear and its consequent impacts but expressed less emphasis on the necessity for strict
control of illegal gear. This was because their main income is derived from aquaculture farming,
with fishing being no more than a seasonal addition.
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What unites all households across the lagoon, despite their differences in wealth, wellbeing, and
livelihood trajectories, is the detrimental impact of pollutants linked to agricultural practices and
urban sewage systems on lagoon water quality. The villagers had petitioned with the local
government to implement more comprehensive and effective regulations to prevent those
pollution sources. All groups of stakeholders also expressed their concerns regarding the long-term
impacts of destructive gear and illegal fishing. Finally, the large majority of participants, across
groups, endorsed the government’s promise to diversify the livelihood alternatives available to
young fishers. This was considered the most effective solution for addressing overexploitation and
unsustainable fishing practices through reducing overcrowding at the TGL and allowing those that
remain to more effectively pursue their fishing and aquaculture aspirations. Hence, interventions
that evidently address these shared concerns would likely increase stakeholder participation in comanagement and ultimately improve local wellbeing.
4.5. Discussion
Livelihood trajectories of fishery-based households in the Tam Giang Lagoon (TGL) are shaped by
multiple social, environmental, and institutional factors. Against the backdrop of aquaculture
expansions, our findings show a tendency of the livelihood trajectory of TGL fishers towards
vulnerability. This trend contrasts with Vietnam’s macro-economic growth and poverty reduction
trends. There, the annual average income rose ten times, and the poverty rate declined three times,
at both national and rural levels, over the last two decades (Table 4.6), as reported in living standard
surveys in Vietnam (GSO, 2002, 2006, 2012, 2018). The small-scale fishing households in the TGL
seem to lag behind the national economic development as they showed much lower income and a
higher poverty rate. Our findings are consistent with those of other previous studies that find that
nearshore fishing and extensive aquaculture households in Vietnam are impoverished in the
contexts of the fishery transformation and national economic modernisation (Betcherman et al.,
2019; Betcherman & Marschke, 2016; Marschke & Betcherman, 2016). This is because of the
pervasiveness of livelihood struggles such as lack of necessary human (e.g. education level,
household size) and financial capacities that make it exceedingly difficult for these households to
“take advantage of the opportunities arising from Vietnam’s seafood boom or economic
development” (Betcherman et al., 2019, p. 1).
Given the continuing expansion of aquaculture in shallow and sheltered waters globally, the lessons
learned in this case study from Vietnam shed light on how a seemingly desirable adaptation can
lead to disadvantageous outcomes for SSF communities, and especially for those families whose
livelihood alternatives are limited. Many strategies, such as adopting more destructive gear in
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fishing (95% of the fishing households) and increasing manufactured feeds in aquaculture (48% of
the aquaculture households), can foster livelihood adaptation in the short term. These adaptation
strategies will ultimately erode the capacity of social-ecological systems to cope with additional
impacts (e.g. climate change) in the long term and cause maladaptive responses. Although this
study focused mainly on older households in two communities around the lagoon, we used various
methods of data collection to triangulate results. Nonetheless, we acknowledge additional drivers
such as gender that drive livelihood decisions and adaptation strategies among fishing and
aquaculture households. Below, we reflect on the nuances of differential impacts that followed the
adoption of aquaculture in the lagoon and offer an outlook for SSFs, in coastal Vietnam and beyond.
Table 4.6. Economic growth and poverty reduction in Vietnam over the last two decades
2002

2006

2012

2018

GDP (Bill. $US)*

35.1

66.4

155.8

245.4

Annual income (mill.
Dongs/capita)

4.2

7.6

23.9

46.5

Poverty rate (%)

29.8

15.5

11.1

6.8

Annual income (mill.
Dongs/capita)

7.5

12.7

35.8

67.5

Poverty rate (%)

6.6

7.7

4.3

1.5

Annual income (mill.
Dongs/capita)

3.3

6.1

19.0

35.8

Poverty rate (%)

35.6

17.0

14.1

9.6

Annual income (mill.
Dongs/capita)

2.8

5.0

16.0

36.0

Poverty rate (%)

35.7

26.6

16.1

8.7

Annual income (mill.
Dongs/capita)

-

-

-

12.9

Aquaculture HHs-V14 Annual income (mill.
Dongs/capita)

-

-

-

27.9

Annual
income
Dongs/capita)

(mill. -

-

-

10.7

HHs- Annual
income
Dongs/capita)

(mill. -

-

-

10.6

National

Urban areas

Rural areas

Central coast region

TGL
Fishing HHs-V14

Fishing HHs-HDPL
Aquaculture
HDPL

(Data from Vietnam’s household living standard surveys by the General Statistics Office;
* from: https://data.worldbank.org/country/vietnam)

130

4.5.1. Impacts of the adoption of aquaculture on livelihood trajectories
Mounting evidence shows that aquaculture development as an adaptation strategy to shifting
economic policies can generate beneficial outcomes through the creation of livelihood alternatives,
stable employment, and income opportunities, thereby enhancing coastal community livelihoods
and wellbeing (Asia-Pacific Fishery Commission, 2014; Bostock et al., 2010; WB, 2013). Our
empirical case study complements the current understanding of the adverse effects of aquaculture
expansion, particularly on marginalised households in SSFs in shallow and sheltered waters such as
coastal lagoons. Understanding these effects - who benefits, where, and how, and who loses out is crucial for designing effective policies to lessen undesirable and unequal livelihood trajectories.
Here, we synthesise three unsettling consequences of aquaculture expansion emerging from this
study before discussing them in the wider context of the political economy of the country.
Firstly, the expansion of aquaculture has been found to be one of the underlying drivers of income
inequality in SSF communities along tropical coasts, for example in Bangladesh (Abdullah et al.,
2017), India (Nayak & Berkes, 2010) and Vietnam (Adger, 1999b; Orchard et al., 2016). This
potentially increases the vulnerability of marginalised households as it reduces their options for
livelihood diversification in response to both internal and external disturbances and shocks. In the
community situated between the TGL and the sea (V14), there was a significant gap in income
derived from the lagoon between aquaculture and fishing households. Although inter-group
differences were not found in HDPL, in the other, more exposed community, intra-group
differences were apparent among aquaculture farmers. In other words, aquaculture increased
income disparities both between and within groups. Our results confirm those of Orchard et al.
(2016), who also observed that the distribution of income from the coastal mangrove forest
fisheries in Vietnam was highly unequal, reflecting the disproportionate concentration of resources
among a small number of aquaculture households. Similarly, along coastal Bangladesh, aquaculture
brought economic benefits to high- and middle-income households but significantly compromised
the livelihoods of low-income and landless farmers (Abdullah et al., 2017; Hoque et al., 2018). The
income inequalities that widened following the introduction of aquaculture in SSFs call for policies
that can reduce the uneven distribution of benefits and gaps between livelihood trajectories
regarding resilience and vulnerability.
Secondly, aquaculture can potentially degrade the ecological and resource conditions in a shared
place that erodes the quality of life of those households that find themselves on a downward
livelihood trajectory. Due to increasingly inaccessible fishing areas and declining fish stock, fishers
are essentially forced to opt for gear that can catch fish of all sizes, a practice that reduces the
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capacity for fish reproduction and changes species’ composition (Galappaththi & Nayak, 2017;
Nayak, 2017). Moreover, increasing efforts to collect fry to supply the aquaculture ponds further
threaten the sustainability of the TGL. In short, current practices accelerate overfishing, reducing
the capacity of the TGL ecosystem to remain productive and respond to future disturbances. These
findings closely match community perceptions and anxieties about the future and call for a
substantially more effective fishery management system (see Section 4.5).
Finally, as witnessed in the TGL, the rapid expansion of aquaculture contributed to social intra- and
inter-village conflicts over the use of space and the discharge of pollutants. The large proportion of
lagoon space now occupied by aquaculture goes hand in hand with the shrinking areas allocated to
fishing which continues to be the practice among the majority of households. Fishing households,
therefore, likely fish beyond their allocated areas, which leads to competition with other authorised
fishers. This constitutes an inevitable source of conflicts and sometimes results in legal disputes
when damage to fishing gear had occurred. Similar findings stem from Bangladesh, where
aquaculture has intensified social conflicts along the coast (Abdullah et al., 2017) and inter-village
disputes in the Chilika Lagoon, India (Galappaththi & Nayak, 2017; Nayak, 2017). At the TGL, the
eruption of such conflicts can also be partially explained by the unequal allocation of lagoon space.
While each fishing family in V14 is allowed to fish in approximately 6.8 ha within 185 ha allocated
to the entire village, each fishing household in HDPL can only fish in 1.8 in 220 ha under the
Territorial Use Rights for Fisheries mechanism. Restricted fishing space and diminished access may
well induce illegal fishing practices, though this requires confirmation. Pollution discharged from
fishing and aquaculture activities further fuels resentment between fishers and aquaculture
farmers, which is a substantial concern around the TGL (Huong & Berkes, 2011).
These undesirable consequences of aquaculture expansion in the TGL have to be seen in the wider
economic modernisation project of Vietnam, and its impacts on long-standing livelihood struggles
among fishing communities (Betcherman et al., 2019; Betcherman & Marschke, 2016; Marschke &
Betcherman, 2016). Although non-farming/fishery employment opportunities such as wage and
salary jobs and self-employment encouraged by national economic development policies opened
up new livelihood options and facilitated livelihood diversification and mobility (Betcherman &
Marschke, 2016; Rigg et al., 2012), these pathways have not been accessible to all. Some elite
households and groups with higher capitals and flexible endowments tended to benefit more than
less affluent and privileged fishing folk (Betcherman & Marschke, 2016; Orchard et al., 2016). Such
uneven uptake and differential flourishing and struggles are entrenched in the broader political
economy of Vietnam (A. T. Nguyen et al., 2012) and other Southeast Asian nations (Rigg et al.,
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2012); they further exacerbate power asymmetries that put disadvantaged fishers and farmers at
even higher risk and undermine efforts to contest and resist anti-poor policies.
Despite the multiple factors that affect livelihood trajectories of SSF communities, empirical
evidence from this study and other similar cases (e.g. Nayak & Berkes, 2010; Orchard et al., 2016)
suggests that aquaculture expansion plays a fundamental role in uneven development pathways. It
intersects with and reinforces other drivers (e.g. water pollution, habitat changes, ecological
degradation) to significantly alter the functioning of fishing livelihoods. Despite dwindling catches
and declining fish stocks in the TGL, and their long-lasting struggles, the majority of households in
SSFs continue relying on fishing as their main income source. Hence, the experiences, proposed
solutions, and aspirations of fishing-dependent households need to be reflected in pro-poor fishery
management, especially given the continuous growth of aquaculture in coastal areas and its
complex role in the political economy of the region.
4.5.2. Future outlook of small-scale coastal fisheries
Currently, aquaculture is the fastest-growing food sector worldwide (FAO, 2018a). However, it
cannot fully replace SSFs because (1) the growth of aquaculture is market-oriented, responding to
demand for particular types of fish from relatively affluent consumers (Cohen et al., 2019), (2) poor
and food-insecure populations will continue relying on fishing for food and livelihoods (Golden et
al., 2017), and (3) fishing maintains the local culture and identity of most small-scale fishery
communities (FAO, 2018a; Ota & Andrés, 2017). This TGL case study mirrors the interplay and coexistence between aquaculture development and artisanal fishing experienced in other shallow and
sheltered waters.
The future use of coastal and marine resources will most likely intensify in responding to food
demand (Lester et al., 2018). As the global population is increasing, the demand for foods, including
seafood, is also increasing locally and globally. For example, over the last three decades,
aquaculture production significantly increased by 13 times from 5 million to 63 million tons while
capture fishery increased 1.5 times from 69 million to 93 million tons (WB, 2013). The intensification
of coastal use seems even more probable when the Blue Growth and Blue Economy initiatives,
which frame the seas and oceans as the new economic frontiers, evolve into dominant policy
discourses (Cohen et al., 2019; Wenhai et al., 2019). Therefore, coastal spatial planning plays a
critical role in transforming environments such as the TGL, including mechanisms that enable SSFs
to coexist with competing sectors such as aquaculture, nature conservation, tourism, and shipping
(Lester et al., 2018). However, spatial planning in most coastal areas in Vietnam is not only
designated by local governments but also by central authorities for large-scale economic and
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environmental interests. Such spatial planning is often implemented through a top-down process
and is underpinned by sectoral objectives (Abelshausen et al., 2015; Flannery et al., 2018). This
planning approach marginalises and even excludes fishers from having a voice in decision making
(Flannery et al., 2018). As a consequence, we advocate for an inclusive approach to spatial planning
that encourages proactive stakeholder participation and addresses sectoral conflicts. This also
means allowing fishers to become valued stakeholders in decision-making processes in order to
ensure the future viability of artisanal fishing livelihoods.
Successful spatial planning in aquaculture-led privatisation, for instance, in Sri Lanka (Galappaththi
& Nayak, 2017), provides valuable lessons for managers in the TGL, even though it would require
judiciously contextual modifications. A recommended path would see local management agencies
in the TGL work closely with the village FAs to establish a fine-tuned zonal system that divides the
lagoon space into zones (at inter-village level) and sub-zones (at single village level), depending on
administrative units or ecological characteristics. Then, stakeholders (fishers and aquaculture
farmers) with support from government extension officers could collectively develop annual crop
calendars for zones and sub-zones. The zonal system and crop calendar are helpful to determine
who could access water exchange (pond and lagoon water) at agreed times in which particular
areas, to limit the spread of pollution and disease. Although such participatory planning was piloted
and successfully implemented at the village level decades ago (Tuyen et al., 2006), the zonal system
and crop calendar at the inter-village level would be new to the TGL. Close consideration, though,
would have to be given to the rather weak horizontal linkages between fishery villages across the
lagoon (Chi, Hailu, et al., 2020) which may well constitute a barrier. Nonetheless, we advocate for
such a spatial planning approach as a promising and potentially more inclusive way to collectively
deliberate stewardship strategies that are socially, economically, and environmentally defensible,
acknowledging that different power positions will have to be consciously worked with rather than
obfuscated.
4.6. Conclusions and implications for adaptation policies
In this case study, we have drawn on the concepts of livelihood trajectories and the threedimensional vulnerability framework to trace livelihood dynamics following the adoption of
aquaculture as a new adaptation strategy in the Tam Giang Lagoon. The transformational shift in
the dominant fishery practice from artisanal fishing to aquaculture triggered a substantial
bifurcation in livelihood trajectories and associated wellbeing between fishing and aquaculture
households. While this transformational adaptation in a constrained yet shared resource space has
benefitted the adopters (aquaculture farmers) and improved their livelihood conditions, it has had
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detrimental consequences for non-adopters (fishers) who find themselves locked into a state of
heightened vulnerability. More worrisome still, this hailed albeit also loathed adaptation, may
ultimately drive the entire social-ecological system to a higher vulnerability level. Drawing on the
empirical findings from this study - one of a few studies in Vietnam to trace livelihood trajectories
alongside the aquaculture boom - we conclude by raising four critical issues that are of relevance
for future adaptation policies.
Firstly, when mapped onto the three-dimensional vulnerability framework, the emerging
trajectories highlight the need to contextualise the temporal dynamics of livelihoods and carry
these vital nuances into targeted fishery management policies. Conventional assessments often
consider vulnerability at the community level as homogenous and aim at reducing aggregate
vulnerability, with less attention paid to individual and household vulnerabilities (Volpato & King,
2019). Our empirical findings suggest that, without careful attention to these nuances, policy risks
perpetuating if not exacerbating rural inequalities.
Secondly, both fishery management interventions and rural development policies would be well
served to acknowledge the origin and extent of local struggles and aspirations (Orchard et al., 2016),
incorporate diverse and at times contradictory perspectives about the possible futures of the
system (Armitage & Marschke, 2013), and provide viable opportunities to the most underprivileged
groups. Otherwise, the least influential and resource-dependent villagers are likely to resist policies
when their livelihood risks and limits are not adequately addressed (Mamonova, 2015; McCarthy,
2010). More inclusive decision-making processes open essential spaces for designing and
implementing fishery management policies and abandon misguided “one-size-fits-all” approaches
that merely further the interests of the most affluent constituencies, even in contexts of persistent
poverty and growing inequality.
Thirdly, SSFs worldwide are experiencing a broad array of multi-scalar and temporal
socioeconomic, political, environmental, and climatic changes (N. Bennett et al., 2016; N. Bennett
et al., 2015) that, together, require creative and transformational solutions coupled with novel
adaptation strategies (Kates et al., 2012). Yet, such transformative solutions and strategies not only
alter production systems but also harbour unintended consequences that may significantly
disadvantage some stakeholders. Transformation in an inherently political and contested process
hence rarely entails simple win-win solutions. To reduce the risk of elite capture, we advocate for
more scrutiny and nuance when assessing the planned and inadvertent effects of new adaptation
options on livelihoods in coastal fishery-based communities that address uneven power structures.
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Finally, small-scale fishing households like those encountered in the TGL will remain reliant on
common-pool resources despite their tangible experiences with ecological and environmental
degradation in the past. Future research is needed to identify not only well-targeted ways to
enhance stakeholder awareness of the longer-term system behaviour but also promote
cooperation between rivalling groups in common-pool resource management.
As global SSFs “are being subtly and overtly squeezed for geographic, political and economic space
by larger-scale economic and environmental conservation interests” (Cohen et al., 2019, p. 1), it
becomes even more urgent to safeguard the lives and livelihoods of millions of women and men in
this sector. An explicit deliberation regarding possible, desirable, and sustainable livelihood
trajectories for all parties involved is a crucial first step in the right direction.
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Chapter appendix
Detailed results from statistical tests of the variables used for the quantitative analysis of
differences in household wellbeing between fishing and aquaculture households are presented in
the following tables.
Appendix 1. Summary of the results of the Chi-squared test for goodness of fit to examine
differences in demographic characteristics of households between two groups (fishing households
and aquaculture households)
Test Statistics
Household 2017
income Age
Education
size
(1000vnd)
(Year)
level
a
b
c
Chi-Square
174.197
144.366
45.606
96.479d
df
9
25
44
3
Asymp. Sig.
.000
.000
.405
.000
a. 0 cells (0.0%) have expected frequencies less than 5. The minimum expected
cell frequency is 14.2.
b. 0 cells (0.0%) have expected frequencies less than 5. The minimum expected
cell frequency is 5.5.
c. 45 cells (100.0%) have expected frequencies less than 5. The minimum
expected cell frequency is 3.2.
d. 0 cells (0.0%) have expected frequencies less than 5. The minimum expected
cell frequency is 35.5.

Appendix 2. Summary of the results of the Chi-squared test for independence to assess
relationships (associations) between household occupations (fishing vs. aquaculture) and
wellbeing perceptions
Chi-Square Tests
Value

df

Asymp. Sig. (2- Exact Sig. (2- Exact Sig. (1sided)
sided)
sided)
.000
.000
.000
.000
.000

Pearson Chi-Square
24.233a
1
b
Continuity Correction
22.497
1
Likelihood Ratio
25.898
1
Fisher's Exact Test
Linear-by-Linear
24.062
1
.000
Association
N of Valid Cases
142
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 21.70.
b. Computed only for a 2x2 table
Symmetric Measures
Value
Approx. Sig.
Phi
.413
.000
Nominal by Nominal
Cramer's V
.413
.000
N of Valid Cases
142
a. Not assuming the null hypothesis. b. Using the asymptotic
standard error assuming the null hypothesis.
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Appendix 3. Summary of the results of the logistic regression test to assess the effects of eight
significant variables on the likelihood of respondents to report household wellbeing as better or
worse.

Step
1(a)

Income
TV
Mobile_phone
Fishing_boat
Income_and_savi
ng
Aquaculture_area
Good_social_relat
ionships
Helping_neighbor
Constant

B

S.E.

Wald

df

Sig.

Exp(B)

5.345

2.152

6.167

1

.013

2.864
2.694
.673

2.694
1.477
1.594

1.130
3.328
.178

1
1
1

.288
.068
.673

95.0% C.I.for EXP(B)
Lower
Upper
14229.06
209.493 3.084
9
17.530 .089
3440.271
14.786 .818
267.126
1.960
.086
44.607

2.569

.940

7.476

1

.006

13.058

2.070

82.377

3.895

1.569

6.164

1

.013

49.148

2.271

1063.617

-5.605

3.655

2.352

1

.125

.004

.000

4.747

.484
-2.755

1.245
2.948

.151
.874

1
1

.697
.350

1.623
.064

.142

18.607

a Variable(s) entered on step 1: Income, TV, Mobile_phone, Fishing_boat, Income_and_saving,
Aquaculture_area, Goodsocial_relationships, Helping_neighbor.

Appendix 4. Summary of descriptive statistics of household wellbeing sub-indices and
composite index

Basic_materials
Security
Health
Social_relations
Freedom_of_choices
Overall_HHWBI

Group ID
1
2
1
2
1
2
1
2
1
2
1
2

N
67
75
67
75
67
75
67
75
67
75
67
75

Mean
.4965069
.5681471
.6840796
.7711111
.6620588
.6787513
.6422056
.6696296
.6036484
.7003704
.6176999
.6776019

Std. Deviation
.09009769
.10434279
.14253102
.12785283
.11782951
.14619676
.11074460
.12309385
.10033871
.12591783
.05397001
.06816360

(Note: 1 = fishing households; 2 = aquaculture households)
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Std. Error Mean
.01100719
.01204847
.01741294
.01476317
.01439517
.01688135
.01352961
.01421365
.01225832
.01453974
.00659349
.00787085

Appendix 5. Summary of the results from independent-sample T-test to examine whether the sub-indices and composite index of household wellbeing
were statistically different between the two groups
Levene's Test
for Equality of
Variances

Basic_materials
Security
Health
Social_relations
Freedom_of_choices
Overall_HHWBI

Equal variances assumed

F

Sig.

t

2.474

.118

-4.354 140

Equal variances not assumed
Equal variances assumed
Equal variances not assumed
Equal variances assumed
Equal variances not assumed
Equal variances assumed
Equal variances not assumed
Equal variances assumed
Equal variances not assumed
Equal variances assumed

t-test for Equality of Means

.294

.588

2.327

.129

2.979

.087

1.760

.187

1.204

.274

Equal variances not assumed

139

df

Sig. (2- Mean
tailed) Difference

Std. Error 95% Confidence Interval of
Difference the Difference
Lower
Upper

.000

-.07164022

.01645493

-.10417251

-.03910793

-4.390 139.847 .000

-.07164022

.01631943

-.10390492

-.03937553

-3.836 140
.000
-3.812 133.475 .000
-.743 140
.458

-.08703151
-.08703151
-.01669257

.02268916
.02282896
.02245462

-.13188920
-.13218484
-.06108655

-.04217382
-.04187818
.02770141

-.752 138.586 .453
-1.389 140
.167
-1.398 139.991 .164

-.01669257
-.02742399
-.02742399

.02218560
.01974103
.01962341

-.06055859
-.06645308
-.06622055

.02717345
.01160509
.01137256

-5.022 140
.000
-5.086 138.263 .000
-5.759 140
.000

-.09672195
-.09672195
-.05990205

.01926007
.01901764
.01040211

-.13480013
-.13432495
-.08046758

-.05864376
-.05911894
-.03933651

-5.834 138.068 .000

-.05990205

.01026764

-.08020420

-.03959990

Appendix 6. Summary of household wellbeing subindices and composite index
Group of
households

Basic materials
for a good life

Security

Health

Good social
relations

Fishing HHs
Aquaculture HHs

0.49
0.56

0.66
0.67

0.68
0.77

0.64
0.66

Freedom of
choices and
actions
0.60
0.70

Composite
index
0.61
0.68

Appendix 7. Summary of the results of the logistic regression test to assess the effects of different components of wellbeing on the likelihood of respondents to report
household wellbeing as better or worse.
B
Step 1(a)
Group
Basic materials
for a good life
Health
Security
Social relations
Freedom of
choices and
actions
Constant

S.E.

Wald

df

Sig.

Exp(B)

95.0% C.I.for EXP(B)
Lower
Upper
0.082
0.743

-1.397

0.562

6.193

1

0.013

0.247

16.215

3.248

25.031

1

0.000

1142569.54

19634.742

664976740.923

-3.965
3.410
0.794

1.974
2.003
2.023

4.035
2.898
0.154

1
1
1

0.045
0.089
0.695

0.19
30.264
2.212

0.000
0.597
0.042

0.908
1534.934
116.593

0.967

2.135

0.205

1

0.650

2.631

0.040

172.633

-10.267

3.061

11.525

1

0.001

0.000

a. Variable(s) entered on step 1: Group (fishing HH = 1, aquaculture HH = 2), Basic material, Health, Security, Social relations, Freedom of choice and actions.
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5.Chapter 5. Examining fishery common-pool resource problems in the largest lagoon of
Southeast Asia through a participatory systems approach

This chapter is under review in Social-Ecological Practice Research in the Special Issue “Understanding multi-scale interactions” [See Appendix 3].

Abstract
Increasing competition for resources in small-scale fisheries (SSFs) can lead to overharvesting and
threatens their sustainability. Sustainable management policies require engaging multiple resource
users in decision-making processes, capturing diverse interests, and creating a platform for
collaborative activities. This paper combines participatory modelling and systems thinking
approaches to develop a joint stakeholder understanding of system structure, feedback
mechanisms and system archetypes of a SSF system in the Tam Giang Lagoon, located along the
central coast of Vietnam. The model revealed the extent to which the dynamics of this SSF system
were governed by non-linear and cyclic feedback loops between social and ecological components.
To manage complexity, the interactions between reinforcing and balancing feedback loops were
distilled into four key system archetypes – Limits to growth, Fixes that fail, Success to the successful
and Tragedy of the commons – that provide crucial lenses to identify leverage points for effective
management. The findings suggest that the possibilities to avoid the dominance of undesirable
archetypes in this highly contested fishery system remain limited for both local resource users and
managers because of cultural and socioeconomic constraints. Reducing intensified resource
exploitation and expanding livelihood alternatives for communities are the keys towards more
sustainable pathways for this common-pool resource system and other similar ones. This case study
demonstrates the usefulness of an analytical approach that integrates participatory modelling with
systems thinking with the ultimate goal of improving communication and collaboration among
multiple stakeholders in complex socio-ecological situations.
Keywords Causal loop diagrams, Participatory modelling, Systems thinking, Small-scale fisheries,
Tam Giang Lagoon
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5.1. Introduction
Small-scale fisheries (SSFs), a distinctive type of common-pool resources (CPRs)21, support the
livelihoods of many coastal communities, especially in low-income and food-deficit countries
(Cinner, 2014, p. 65; FAO, 2016a, p. 32). SSFs employ more than 90% of capture fishers globally
(FAO, 2015), and provide vital employment opportunities for rural populations (Koralagama et al.,
2017, p. 2). SSFs have a long history of human exploitation, experiencing significant resource
degradation and conflicting interests among stakeholders (Cohen et al., 2019, p. 2; Mahrad et al.,
2020, p. 2). Globally, numerous management initiatives (e.g., co-management schemes) have been
applied to address the problems associated with overexploitation in CPRs, but many have not met
expectations (De Pourcq et al., 2016; B. L. Jones et al., 2018, p. 8). The limitations of these efforts
have been attributed to various factors; however, the lack of a deep understanding of local socioecological contexts and a failure to meet the needs and priorities of local stakeholders appear to
be the main issues (Saavedra-Díaz et al., 2016, p. 2). Conventional management has often employed
“top-down” approaches, using framings from pre-existing problems or an idealised understanding
to identify solutions (Afroz, 2016, p. 2; Cuppen, 2012, pp. 25-26). This approach can miss important
contextual factors and hinder proper communication among local stakeholders (Cuppen, 2012, pp.
25-26; Watkins et al., 2018, pp. 61-62), which is fundamental for identifying efficient contextdependent solutions. Given the rising attention being paid to SSFs in recent decades (H. Smith &
Basurto, 2019, p. 1), the need for an improved understanding of their context-specific
characteristics is therefore imperative for sustainable management (B. L. Jones et al., 2018, p. 2).
Coastal lagoon systems offer an ideal setting to explore the socio-ecological complexity of SSFs as
they have long experienced intensive resource exploitation and ecological changes. Coastal lagoons
are unique systems situated at the interface between land and sea; they are considered one of the
most productive ecosystems on Earth (Chapman, 2012; Mahrad et al., 2020; Pérez-Ruzafa &
Marcos, 2012). They occupy 13% of the world’s coastal areas and are commonly found in countries
with a shoreline (Chapman, 2012, p. 33). Lagoonal SSFs play an important role in food provision to
local inhabitants and socioeconomic development in their vicinity. In Sri Lanka, SSFs have been
estimated to provide a livelihood to 2% of the total population (B. L. Jones et al., 2018). Along the
Mediterranean coast, lagoonal SSFs contribute 10 to 30% of local fish production (Pérez-Ruzafa &
Marcos, 2012). In some particular areas, more than 40% of the population are heavily dependent

21

According to Ostrom (2008, p.11), CPRs are systems that are sufficiently large and hence “it is difficult, but no impossible, to define
recognized users and exclude other users altogether” (referred to as excludability). CPRs have a finite capacity in providing resources to
users which means the overuse of resources by one group of users diminishes benefits to others (referred to as subtractability). Fisheries,
forests, and pastures are among the most common types of CPRs.
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on lagoonal SSFs (B. L. Jones et al., 2018), and 50% of fishery revenues come specifically from
lagoons (Pérez-Ruzafa & Marcos, 2012).
Often, coastal lagoons are strongly impacted by multi-purpose, conflicting usages such as fishing,
aquaculture, agriculture, tourism and recreation, urban development, and extraction of non-living
resources (Mahrad et al., 2020). Among these, resource loss caused by over-fishing and habitat
degradation linked to the expansion of aquaculture activities have been identified as the most
important underlying factors threatening the sustainability of coastal lagoons in recent decades (B.
L. Jones et al., 2018; Mahrad et al., 2020; Nayak et al., 2014; Pérez-Ruzafa & Marcos, 2012). Much
of the fishery literature shows that, in general, resource degradation often relates to poverty, food
insecurity, alternative livelihood limitation and illegal fishing (Hanh & Boonstra, 2018; Ho et al.,
2016; Nayak & Berkes, 2010), while aquaculture-led habitat modification mainly responds to
increasing seafood demand of both local and external populations (e.g., Cao et al., 2015;
Galappaththi & Nayak, 2017). However, those causes and consequences of changes vary from place
to place. In some cases, aquaculture expansion, for example, in the Chilika Lagoon in India
(Galappaththi & Nayak, 2017; Nayak & Berkes, 2010) and the Cau Hai Lagoon in Vietnam (Hanh &
Boonstra, 2018; Huong & Fikret, 2011), has led to privatisation of lagoon spaces and reduction of
common fishing grounds, pushing fishers to adopt more efficient, but potentially destructive gear
to maintain their catch, ultimately causing the collapse of SSFs. In contrast, some lagoons (e.g. in
North-western Sri Lanka) have experienced the same habitat modification pressures but have since
witnessed positive impacts on the lagoonal fisheries thanks to collective management and effective
spatial planning (Galappaththi & Nayak, 2017).
The heterogeneity of causes and associated impacts of changes within lagoonal fisheries make it
challenging to understand what factors contribute to the (un)sustainability of these valuable CPRs.
While there is increasing literature on their underlying ecology and biology, there remains limited
research into fishery-related issues of coastal lagoons worldwide (Pérez-Ruzafa & Marcos, 2012, p.
19). Hence, detailed case studies are important to provide empirical evidence to help guide
practitioners as to what level of management interventions are adequate. With this in mind, we
used the Tam Giang Lagoon (TGL), situated in the central coast of Vietnam as a case study to
complement the available information on global lagoon-based fisheries. We aimed to develop a
conceptual model that defines the underlying system structure and core feedback and used this to
identify characteristics of system archetypes operating within this complex SSF, in order to explain
recurrent resource-use problems and suggest critical leverage points for management. The TGL has
a long history of human utilisation and provides a plethora of socioeconomic, cultural, ecological
and environmental benefits for local society and biodiversity conservation (N.Q.V Binh, 1996, pp.
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129-136; T. H. Tuan et al., 2009, p. 103). Similar to other coastal SSFs of the world, such as the
Chilika Lagoon in India (Nayak et al., 2014) and coastal lagoons in Sri Lanka (Galappaththi & Nayak,
2017) and Nicaragua (Benessaiah & Sengupta, 2014) and the TGL has experienced significant
resource degradation, habitat modification and transformation from the use as a common fishing
ground to supporting an aquaculture-privatised system (Huong & Fikret, 2011; H. T. Thanh et al.,
2020). These changes have considerably impacted the livelihoods of local villagers and accelerated
unstainable exploitation and competition between resource users (H. T. Thanh et al., 2021; T. H.
Tuan et al., 2009)
To achieve the research objectives, we combined participatory modelling and systems thinking
concepts22. In CPRs, interactions between social, political, economic, ecological and environmental
components in CPRs form complex, non-linear feedback-effects (Kotir et al., 2017b, p. 115), which,
in turn, reinforce or maintain growth, collapse and stability of a system (Sterman, 2000a).
Traditional management approaches that assume linear cause-effect relationships between
components (e.g., Bayesian Belief Networks) to guide regulatory policies have often proven
inadequate to solve socio-ecological problems (Messier et al., 2016, p. 151). Where systems
thinking has been applied to engage diverse stakeholders, it has been shown to help build a holistic
qualitative understanding of system interrelationships and complexities, a shared understanding of
system structure, and improved decision-making processes (Banson et al., 2016, p. 80; Elsawah et
al., 2017, pp. 128-129; Voinov & Bousquet, 2010, p. 1271; Vugteveen et al., 2015, p. 30). There
remain challenges, however, in “operationalising” system concepts to enact change in a practical
sense, and it is envisioned the approach developed herein will be useful more broadly for socioecological practitioners.
5.2. The Tam Giang Lagoon
The TGL is the largest coastal lagoon system in South-East Asia, covering approximately 22,000 ha
in Thua Thien Hue province, central Vietnam (Tuyen et al., 2010, p. 328) (Figure 5.1). It is formed
by three interconnected sub-lagoon systems (Tam Giang, Sam Chuon - Thuy Tu – Ha Trung and Cau
Hai that are 2-10 km in width and extend 70 km along the coast. Input flows are received from the
western side of the province through four major rivers, and, on the eastern side, two inlets connect
22 According to Maani and Cavana (2007), systems thinking consists of four related levels of thinking: events or symptoms,

patterns, systemic structures and mental models. Events are understood as the basic level of thinking, representing “the
tip of the iceberg”. This level of thinking represents how humans understand or perceive aspects and events through their
visible characteristics in the environment. Patterns constitute the second level of thinking, indicating behaviours of events
over time. Systemic structures are an even deeper level, illustrating how system components relate and interact over
time in complex systems. Mental models, the most complex level of thinking, reflects “the beliefs, values and assumptions
that we personally hold, and they underline our reason for doing things the way we do” (Maani & Cavana, 2007, p.15).
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the lagoon to the sea. Together, this creates a brackish ecosystem with diverse habitats supporting
numerous aquatic species. In 2016, the lagoon supported a total human population of
approximately 500,000 (half the provincial population) living in more than 300 communities in five
districts (Hue Statistics Office, 2016). Communities in the TGL were formed by both native residents
and sampan dwellers23 through several provincial resettlement programs from 1975 to 2010. The
lagoon communities have a higher poverty rate (10.3%) compared to the provincial (7.2%) and
national (6.1%) averages (General Statistics Office, 2017; Hue Statistics Office, 2016).
The governance system of the TGL has evolved along with socioeconomic development.
Historically, the lagoon fisheries were operated under customary governance, managed by a “Van”,
a group of 40 to 70 households that lived on boats and travelled to fish together in the lagoon
(N.Q.V Binh, 1996, p. 23). Each Van had a leader and its own rules regarding fishing, natural resource
exploitation and sustainability, and used a unique type of fishing gear in specific fishing grounds
negotiated between the leaders. Until 2005, the lagoon was an open access area with poorly
defined property rights where local residents were allowed to catch fish freely. According to Chi et
al. (2018b, p. 142) and T. H. Tuan et al. (2009, p. 102), many fishers adopted exploitative practices,
causing considerable degradation to fish populations. To deal with overfishing and competition
between multiple stakeholders (fishers, aquaculture farmers) across the lagoon area, the provincial
government, with the support from international donors and academic researchers, initiated
several management interventions, the first in 2006. Notably, Fisheries Associations (FAs) were
established in each fishing community24 to facilitate co-management plans between fishers and
local authorities. Two Departments (the Department of Natural Resources and Environment, and
the Department of Home Affairs) set specific boundaries to each FA. Fishers were encouraged, but
not required, to join a FA by paying a small registration fee. Each FA now has its own regulations,
proposed based on the provincial fishery regulations, to manage gear use, monitoring activities and
social disputes related to fishing activities within its designated area. By 2016, 83 FAs involving
almost all fishers were established for fishery co-management in the TGL supporting the main goal
of monitoring and reporting illegal fishing activities to the local authorities.

23

The term sampan dwellers refers to fishers in Vietnam who live on small boats traveling to fish in water bodies. These mobile dwellers
are typically landless, have low income and limited access to healthcare and education services, and experience poor living conditions.
24
In Vietnam, communities and villages represent the same administrative unit. We therefore use these two terms interchangeably.
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Figure 5.1. Map of the Tam Giang Lagoon with its sub-lagoon systems and inlets to the sea in Thua
Thien Hue province, Vietnam. Circles indicate the two study communities, and triangles show the
sites of scoping visits.
Currently, the TGL is used for several purposes; fishing and aquaculture are the most common
practices, but it also supports waterway transport, eco-tourism and habitat protection. Property
rights are extremely complex in this lagoon, including private property rights (aquaculture ponds
and fish corrals granted to households), collective property rights (fishing grounds granted to FAs),
and public property rights (waterways and habitat protection areas). Registered fishers are allowed
to fish within their FA territory while non-registered fishers can only fish in waterways (public
spaces). Artisanal fishing remains the traditional activity supporting local livelihoods across the TGL,
however, exploitative fishing practices (Boonstra & Nhung, 2012), together with water pollution
(Nhung, 2016) and changing hydrological regimes (flood regimes), have significantly diminished fish
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stock and catch yield in the last two decades. To reduce poverty and improve community wellbeing
in the lagoon area, the provincial government has encouraged aquaculture since the late 1980s.
Aquaculture rapidly expanded from 20 ha in 1990 to approximately1,600 ha and 4,500 ha in 1998
and 2006, respectively (Hue Statistics Office, 2000, 2005, 2010). As a large area of the lagoon
became privatised for aquaculture farming, available nursery habitats and fishing grounds were
significantly reduced.
5.3. Analytical framework and approach
We adopted a system dynamics modelling approach to understand the complexity and feedback
mechanisms in the TGL. According to Maani and Cavana (2007), the process of system dynamics
modelling consists of five distinct but complementary stages: (1) problem articulation, (2)
formulation of a dynamic hypothesis (causal loop modelling), (3) quantitative simulation, (4) model
testing and validation, and (5) policy design and scenario modelling. As our objective was to
understand structural feedback mechanisms between system components (variables), we focus in
this paper on the first two stages only. These stages allowed us to construct conceptual models of
sub-system components and later merge them into an integrated causal loop diagram (CLD) which
was then used as a foundation for identifying system archetypes. The outputs of analysis of system
archetypes then were able to lead us to the identification of leverage points towards sustainable
management (Maani & Cavana, 2007), which could be further used for quantitative simulations and
identifying key policy interventions through scenario testing; this step is, however, left for future
analysis. Following recent applications of system dynamic modelling (Agnew et al., 2018; Brzezina
et al., 2017; Mai et al., 2019; Walters et al., 2016) and participatory modelling (Argent et al., 2016;
Kotir et al., 2017b; Voinov & Bousquet, 2010; Voinov et al., 2016; Wu et al., 2016), we conducted
our modelling processes through the following sequential stages, as depicted in Figure 5.2: problem
articulation (1a, b and c), formulation of the dynamic hypothesis (via building CLDs) (2a), a
refinement workshop (2b), and analysis of system archetypes (2c).
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1a. Literature and
archival research

1c. Recruitment of
participants

1

2a. Participatory construction of
Causal Loop Diagrams (CLDs)

2

1b. Informant
interviews

2b. Participatory refinement
and evaluation of CLDs

2c. System archetype analysis based on CLDs

Management leverage points

4

3
Quantitative simulation

Model validation

5
Scenario formulation
and testing

Figure 5.2. Iterative modelling framework used to examine system structure and leverage points
in the small-scale fishery system in the Tam Giang Lagoon. Small graphs (Limits to growth, Success
to the successful, Fixes that fail, and Tragedy of the commons) in Step 2c represent behaviours
over time of the system and are adapted from Braun (2002) (see Braun (2002) for detailed
descriptions). The purposefully blurry background picture (CLD) in Step 2c hints at the complex
structure of our case study system, further examined later (see Figure 5.4).
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5.3.1. Problem articulation
The initial step of problem articulation is to understand the context of the study area and major
stakeholder concerns regarding changes in their socio-ecological system. We first conducted
archival research to identify potential study communities (1a). The lead author then carried out
scoping visits to ten villages around the TGL (Figure 5.1). We adopted a rapid rural appraisal method
to elicit basic information on each village, considering socioeconomic (population, main livelihoods,
fishery engagement, poverty rates, core infrastructure), geographical (distance from the city,
estuary areas, inland side, coastal side, impacts of natural hazards) and environmental (water
pollution, mangrove forest cover). Each community was scored (high = 3, medium = 2, low = 1) using
a matrix based on these predetermined selection criteria, support from the community leader, and
accessibility. Generally, communities on the coastal (ocean) side of the lagoon were identified to
have mostly similar social and ecological characteristics (e.g. habitats, development and
infrastructure, etc.). However, they were considered to differ from communities on the inland side
who had different use-patterns of aquaculture models and fishing gear use, plus were more
susceptible to poor water quality and habitat loss (both terrestrial and aquatic) associated land use
change. These two sides of the lagoon were identified to have different spatial vulnerability levels
in terms of exposure to climatic hazards (e.g. floods, typhoons, droughts). Hence, the two
communities, (Ha Do Phuoc Lap (HDPL)) and Village 14 (V114), in Quang Dien district were chosen,
as they best represented the specific social and ecological characteristics that differentiated each
side of the TGL, and had the highest scores overall. HDPL community is situated on the inland side,
with communities close to the estuaries and experiencing high poverty rates, and a pattern of
aquaculture operation usually in the dry season and fishing in the wet season. V14 is located on the
coastal side and had a lower poverty rate, and a reliance on aquaculture operations all year round.
The two community leaders knowledgeable about the social and ecological conditions and
governance system were approached and interviewed first. Then, 29 interviewees were selected
through snowball sampling. In addition, 142 face-to-face surveys were conducted using random
route sampling. We used the semi-structured interviews and household surveys to obtain insights
about the fishery system, fishing and aquaculture practices and livelihood adaptations as well as to
establish rapport with active fishery-based households for further research activities (1b). A total
of 142 face-to-face surveys (including the 29 interviewees above) were conducted to collect
socioeconomic data from fishery households. At the end of the interviews and surveys, the
respondents were asked whether they were interested in and available for participating in further
research activities. Ultimately, 48 fishers and aquaculture farmers participated in group model
building sessions (GMBs) and the final workshop (1c) (Questions used in the interviews and GMBs
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are listed in Appendix 1 and 2). Whilst efforts were made to capture diverse views, men were often
the primary respondents. In line with the cultural and custom norms in rural communities in
Vietnam, men are often the heads of households and represent their families when participating in
external activities such as this research; accordingly, we note the gender imbalance in our
respondents.
5.3.2. Formulation of a dynamic hypothesis
A dynamic hypothesis refers to a conceptual model that represents the overall structure of a system
and the interconnections of its variables (Sterman, 2000a). Causal loop diagrams (CLDs) are often
used to represent mental models to develop a preliminary hypothesis of complex system dynamics
as they provide graphic structures to communicate with local stakeholders and clarify system
pathways and interactions (Elsawah et al., 2017; Kotir et al., 2017b). Following Agnew et al. (2018)
and, we built CLDs (mental models) and identified key feedback processes (loops) (2a). CLDs
comprise system variables connected by arrows illustrating positive and negative causal
relationships (polarities) between variables.
To build the CLDs, four group model-building (GMB) sessions, one for fishers and one for
aquaculture farmers in each community were conducted during the fieldwork seasons in 2019
(Figure 5.3). The GMB is a participatory approach that allows involving multiple stakeholders with
different types of knowledge and perspectives. This approach is well suited to capture different
place-based understandings of a research problem (Butler & Adamowski, 2015, p. 154; Exter &
Specht, 2003) as it “improves problem understanding, increases engagement in systems thinking,
builds confidence in the use of systems ideas and develops consensus for action among diverse
stakeholders” (Siokou et al., 2014, p.1). Each GMB involved nine to eleven participants representing
diverse demographic backgrounds (Table 5.1). In each GMB, an overview of the research project,
objectives, and modelling processes was introduced to the participants. Each GMB took place at
the respective village hall and was divided into three parts.
In the first session, to construct an initial mental model, the participants were asked to identify key
issues that affected i) their livelihoods and ii) ecological sustainability, considering associated
causes, effects, and common responses. In order to ensure the mental models were readable, the
participants were asked to list a maximum of five key issues only. Different colour post-it notes
were used to visually differentiate between categories (issues, causes, effects, and responses) (see
Figure 5.3). After identifying relevant variables, the participants were guided to organise their
mental model structure by placing variables in a consistent order centred on key issues. It was
envisaged that contradictory perspectives would arise during the modelling process, so the
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researcher often facilitated the discussion between the participants to reach an agreement about
what would be relevant to the entire lagoon system before proceeding to other points. Although
the community leads (i.e. the community leader and the head of the Fishery Association)
participated in GMBs, they tended to play a neutral role in the discussions. They did not seek to
dominate or attempt to control the discussions in GMBs.
Table 5.1. Characteristics of participants in group-model-building sessions in study communities
and the final workshop
Participants in
GMBs

Participants in the
workshop

Total number of participants

39

23

Gender

Male

32

19

Female

7

4

Range

28-77

34-65

Average

49

48

Fishing

21

14

Aquaculture

18

9

Characteristics

Age
Main livelihood activities

Versions of the CLDs were then constructed in the second session by drawing connections between
system variables. The first versions were quite complex; hence their outputs were revised and
simplified upon agreement from all participants. The final versions were presented by one of the
participants, and minor changes were made until all participants were satisfied. In the third session,
the participants identified critical feedback loops that were considered to influence long-term
system structure and behaviour. We adopted questions from the work of Bennet at al. (2005) to
identify changing variables, processes and key feedback loops. Each key feedback loop was then
identified as a reinforcing loop if the combined polarities between its variables made up an even
sum, whereas an odd sum was indicated as a balancing loop (Walters et al., 2016).
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a. Participants identifying system variables

b. Participants identifying causal
relationships between system variables

Figure 5.3. Group model building sessions in the study communities (Photos taken by the
first author).
After all GMB sessions were completed, individual CLDs were digitised using Vensim PLE software
(https://vensim.com/). While the two aquaculture farmer sub-models showed noteworthy
differences, the two fishers-built CLDs included several similarities and hence were merged into
one fishers’ sub-model. These three sub-models were then combined to build an integrated CLD
representing the overall system structure.
5.3.3. Refinement workshop
The digitised sub-models and integrated CLD were presented at a participatory workshop (two
weeks after the last GMB) for further refinement and evaluation (2b). The workshop involved 23
villagers representing aquaculture farmers and fishers who had taken part in the previous GMBs,
one local environmental researcher who acted as a co-facilitator, and two assistants for note-taking
and logistic arrangements. In the workshop, the lead author first introduced the procedural rules,
gave a short talk about the historical dynamics of key variables, followed by an up-to-date overview
of the lagoon fishery system, and then presented the digitalised CLDs.
During the refinement process, the three individual CLDs were presented to help the participants
recapture key ideas about the system structure raised in the GMBs. Then the integrated CLD was
gradually refined to capture the structural dynamics of the entire lagoon fishery system. As model
applicability and simplicity are important features for assisting decision-making processes (Elsawah
et al., 2017, p. 136; Walters et al., 2016, p. 58), the participants were encouraged to focus on the
most important variables and feedback loops, and the participants were asked to remove or change
any irrelevant variables. Upon agreement, some variables were eliminated (e.g. immigration) or re152

named (e.g. “water pollution” instead of “water resource”), for clarity. At the end of the workshop,
a short evaluation of the modelling process and outputs was conducted with all participants,
drawing upon the work of Kotir et al. (2017b).
5.3.4. System archetype analysis
Although the integrated CLD was useful in representing a holistic system picture, it was still
complex. Such complexity can prevent genuine stakeholder understanding of recurrent dynamics
in a system (Inam et al., 2015). Therefore, we sought to identify the generic archetypes within the
larger system in order to better visualise core sub-system behaviours (2c). System archetypes are
broad system structures that have a combination of reinforcing and/or balancing feedback loops
that represent generally accepted patterns of internal dynamics and processes within socioecological systems (Oberlack et al., 2019; Senge, 2006). As a higher level of conceptualisation
(Maani & Cavana, 2007; N. C. Nguyen & Bosch, 2013, p. 110; Senge, 2006), system archetypes can
provide useful insights on common patterns of system behaviours (Banson et al., 2016, p. 88; Mai
et al., 2019, p. 560; Wolstenholme, 2003, pp. 7-8). They are particularly suitable when the
overarching aims to distil the complex structures and behaviours of systems into more tractable
tools (Purwanto et al., 2019). As noted by several scholars (e.g., Banson et al., 2016; Mai et al., 2019;
N. C. Nguyen & Bosch, 2013), system archetype analysis can help to enhance the appreciation of
system behaviours among the various resource users as the individual sub-systems are more
relatable to non-experts.
Ten generic archetypes, including Limits to growth, Shifting the burdens, Fixes that fail, Tragedy of
the commons, Drifting goals, Growth and underinvestment, Success to the successful, Accidental
adversaries, Attractiveness principles, and Escalation, are widely acknowledged in sustainability
research (Braun, 2002; Senge, 2006). However, a standard method for identifying particular
archetypes in a system is still not obvious from the literature (Eisenack et al., 2019; Sietz et al.,
2019). We followed descriptions of characteristics of ten generic archetypes by Kim (2000a, 2000b)
and Kim & Anderson (1998) and the approach by Brzezina et al. (2017) to identify relevant system
archetypes for the TGL. Accordingly, we identified system archetypes in the TGL through three
steps. First, we reviewed the whole set of generic archetypes to understand their structures and
characteristics. Second, we synthesised insights from behaviour over time graphs of critical
variables (Figure 5.6), feedback loops derived from the integrated CLD, and information from the
interviews and GMBs through different system archetype lenses. In this step, we identified all
possible archetypes that were relevant to the SSF in the TGL. Finally, we conducted four follow-up
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interviews with the heads of the two communities and the leaders of FAs to assess whether a
particular archetype identified by the research team was highly relevant in the TGL.
Leverage points are places in a complex system where minor interventions in one component can
result in major changes in other components (Meadows, 1999, p. 1). Leverage points are common
but not intuitive in complex systems (Meadows, 1999); therefore, they are not easy to identify. Mai
et al. (2019) and Senge (2006) argue that leverage points become more apparent if system
archetypes are identified. Hence, in this study, leverage points for management interventions were
identified by analysing the characteristics and dynamics of each archetype, as recommended by
McLean et al. (2019) and Senge (2006) (further detailed in Section 5).
5.4. System structure
5.4.1. Preliminary conceptual models
The participating fishers identified water quality, weather (climate), fishing ground availability, the
use of destructive gear, and a boating dock facility as most relevant for their local livelihoods and
system sustainability, with direct and/or indirect impacts on fish stock abundance, and
consequently fish catch (fishers’ sub-model). Because livelihood options are limited in these fisherybased communities, fishing households undertake basic adaptations (e.g. seasonal jobs close to the
village, and acquiring more fishing gear).
Views among the aquaculture farmers were more diverse than those of the fisherfolk. Those in Ha
Do Phuoc Lap (HDPL) were concerned about water quality, climate change, the use of destructive
gear, and the new intensive monoculture model, whereas those in Village 14 (V14) worried about
water salinity, water pollution, fish stocks, market demand for aquaculture products, as well as the
new aquaculture model. In both communities, farmers adopted diverse strategies to increase
production. Overall, water pollution, aquaculture expansion, the use of destructive gear and fish
stock appeared in both farmers’ sub-models.
Although the final sub-model of each GMB session was constructed via consensus of all participants,
different perspectives among the participants were observed during the modelling process. While
men voiced concerns over the lagoon ecological conditions (fish stock, water pollution) and
governance (unauthorised fishing disputes), women tended to raise fishery income-related issues
and availability of seasonal jobs. Young villagers demanded alternative employment while the
seniors expressed hope for more sustainable management and governance for the long-term
viability of livelihoods. In order to avoid creating an unnecessarily complex model, the participants
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were frequently reminded about the purpose of the model, and to limit themselves to the most
relevant variables agreeable to all.
5.4.2. Integrated conceptual system model
The integrated CLD for the TGL consists of 37 variables and 67 links, representing a highly connected
and complex system (Figure 5.4). Nonetheless, it does not contain every variable identified in the
sub-models. “Redundant variables” that did not significantly contribute to an explanation of the
lagoon dynamics were removed, and some very similar variables were aggregated at the final
workshop to better represent the system structure. The names of some variables in the sub-models
were slightly modified after participant agreement at the workshop (see Section 5.3.3). The
majority of participants (91%) agreed that the final model adequately represented the lagoon
reality as it captured key structural elements of the TGL fishery CPRs.
The interactions between system variables generated eleven key feedback loops (seven reinforcing
loops and four balancing loops) (Figure 5.4) that shaped the dynamics of the TGL as identified by
the participants (Appendix 1 provides more graphical details of feedback loops). These loops involve
essential components of the lagoon fishery system (i.e. aquaculture development, fishing activity,
fishery governance, and social issues). The most influential variables of these loops consist of
aquaculture expansion, social conflicts, water pollution, aquaculture yield, fish catch yield, and the
use of supplementary (manufactured) feeds (Figure 5.5). In the following section, the dynamics of
these key feedback loops are described via relevant system archetypes.

155

+

-

Rainfall

+

Runoff water

Climate change

+

+
+ Water pollution

Sewage system
+
Intensive
agriculture +

Nursery
habitat
availability
-

+

B2

- Underground saline
water extraction
R6

Investment cost +

Fish reproduction

Fishing ground availability

Community
awareness

+
-

+
R4

+

+

+

Number of fishing gears

Fish stock

-+

-

+

B3

B4

-

+
-

+ Social conflicts

-

R5
+ Co-management

Access to
education

Gear loss and
damage

efficiency
External finacial
support

Income from
fisheries
R7

-

Use of destructive gear
Fishery
governance

+

+

-

+ Fish catch

Number of fishers

Livelihood
alternatives
+ +

New aquaculture
models
+

Fish corral
removal

R3

+

-

+

+

+
- Fish emigration

Water salinity

Fishing gear
cleaning
+

R2

+

+

R1

-

Aquatic diseases

-

+

Supplementary
feeds

Aquaculture +
+ expansion +

+

Aquaculture
yield

+ +

+

Population

Water exchange
between lagoon and
ponds
+
B1

+
+ Fishery infrastructures

Figure 5.4. Integrated conceptual model representing structural dynamics of the fishery system in
the Tam Giang Lagoon. R and B denote reinforcing and balancing loops, respectively. Orange
arrows indicate key reinforcing loops, green arrows represent key balancing loops, and blue
arrows show causal relationships between variables in the system.
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Figure 5.5. Most frequent variables identified in the eleven key feedback loops driving dynamic
behaviours of the Tam Giang Lagoon fishery system. The frequency of each variable was
calculated from the core feedback loops of the integrated CLD.

5.5. System archetypes and leverage points
Based on the integrated CLD, key feedback loops and behaviour over time graphs of critical
variables (Figure 5.6), complemented by additional information from the interviews, GMBs and the
workshop, we applied the ten system archetypes from the literature to explain recurring problems
of the TGL SSF. Out of these ten, four system archetypes were identified as highly relevant for the
TGL: Limits to growth, Success to the successful, Fixes that fail, and Tragedy of the commons.
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Figure 5.6. Contextual representation of behaviours over time of key factors in the Tam Giang
Lagoon fishery system. The graphs are not meant to present absolute changes or values but to
indicate a certain direction of a variable. (Data were synthesised from information from the
interviews and GMBs and complemented with the following secondary data: aquaculture
expansion and yield, and total fish catch yield (Hue Statistics Office, 2000, 2005, 2010, 2016),
pollution discharge into the lagoon (Trang et al., 2013), annual fish catch per household (Hanh &
Nam, 2010), and water quality (H. T. Thanh et al., 2020)).

5.5.1. Limits to growth: degraded water environment and limited human capital
Limits to growth represents a situation in which a system grows in its initial stages, but its growth
gradually encounters balancing processes when the system approaches its limits (Braun, 2002). This
archetype highlights diminished outcomes of continuing effort users spend to maximise their gains
in natural resource extraction. Here, Limits to growth contains one reinforcing loop and balancing
loops, representing relationships between aquaculture yield and environmental pollution (Figure
5.7a), and fishing efforts and fish catch (Figure 5.7b).
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Figure 5.7. Limits to growth archetype represented in aquaculture development (a), and fishing
activities (b) in the TGL fishery system. Grey variables indicate intermediate links to other system
archetype(s).
In the TGL, overfishing and the expansion of aquaculture over the past three decades mirror the
archetypical behaviour of Limits to growth (Figure 5.7a). Aquaculture has continued to expand into
adjacent agricultural lands with support from local authorities whilst water quality has declined,
constraining further growth (loops B1 and B2). Lack of pollution treatment facilities due to the low
financial capital and farm management skills accelerated these balancing loops; this was
particularly apparent in the mid-2000s when aquaculture was severely disrupted due to water
pollution and the spread of aquatic diseases within the lagoon. Although these problems have
eased, the interviewees continue to worry over aquaculture development. This archetype indicates
that continuing expansion of aquaculture will not generate a linear increase of aquaculture yield
and profit over time if pollution and disease risks are not controlled.
159

With respect to fishing activities, the participants reported intensified efforts to maximise fish
catch: more gear, longer trips, and larger investment into equipment and vessels (Figure 5.7b).
Together this led to a further decline in fish stocks, which creates notable negative feedback
between fish catch and fishing efforts. Moreover, the fishers testified that catch-per-unit effort had
significantly decreased, despite intensification of effort.
Whilst the local resource users have tried to drive the reinforcing loops (expanding aquaculture
areas, increasing fishing efforts) to maximise production, a more effective way to address Limits to
growth archetypical behaviour lies in weakening the effects of limiting factors or removing limiting
factors(balancing loops) (Senge, 2006). In the case of the TGL, in order to weaken limiting factors
on aquaculture development, targeted efforts to improve water quality are needed. For example,
the provincial government could prioritise investment in wastewater treatment facilities to reduce
pollution loading from external sources (e.g. residential areas, industrial parks) to the lagoon.
Further, minimising pollution discharge from aquaculture ponds could be achieved by stronger
enforcement of the existing regulations and guidelines related to exchanging water between ponds
and the lagoon. These solutions, along with more comprehensive training programs on aquatic
disease management, will help aquaculture farmers weaken the effects of limiting factors, allowing
growth to continue.
In order to resolve the issue related to the fish stock decline in the TGL, it is necessary to reduce
the pervasive overfishing problem on the one hand whilst increasing nursery habitats for fish
reproduction on the other. Recently, the provincial government has attempted to increase the
number of aquatic habitat protection zones (no-take zones), and their positive effects have been
recorded in some parts of the lagoon. However, illegal fishing such as using tiny mesh size nets and
electric gear may limit the benefits provided by these protected zones to authorised fishers, as was
emphasised in the GMBs. This situation requires improved fishery monitoring to prevent illegal
fishing activities and enhance the awareness of fishers to adopt more sustainable fishing practices
to improve stocks in the long term.
5.5.2. Fixes that fail: reduced fishing efforts without providing sufficient livelihood alternatives
Fixes that fail illustrates that quick solutions to a critical problem in the system often bring
immediate positive effects; yet, they also tend to trigger unintended consequences that amplify the
original problem (Maani & Cavana, 2007). In other words, quick fixes only have some palliative
effects and help to ease the symptoms of a problem in a short period, but they don’t solve the root
causes (Braun, 2002). This archetype consists of one balancing loop representing the effects of the
fixes and one or more reinforcing loop(s) representing harmful and unintended consequences (Kim,
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2000a). Aspects of the dynamics of the TGL fishery system appear to resemble the features of the
Fixes that fail archetype, when looking closely at the effects caused by some policy and
management interventions resembles.
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Figure 5.8. Fixes that fail archetype in the TGL fishery system. Grey variables indicate intermediate
links to other system archetype(s).
For example, fish corrals were removed in 2010 to increase water exchange between the lagoon
and sea, with the goal of improving water quality and reducing aquatic disease outbreaks (Figure
5.8). Approximately half of the fish corrals (~500 sets) covering > 500 ha were removed after four
Decisions by the provincial government (PPC, 2009, 2010a, 2010b, 2011). This effort did improve
water quality and ecological conditions, but produced two unintended consequences. First, the
massive removal of fish corrals significantly affected livelihood activities of thousands of villagers
due to a lack of alternatives and inadequate job-shifting programs provided by local authorities. As
a result, most affected households either joined mobile-fishing activities or engaged in aquaculture,
some even did both, leading to an increased number of mobile-gear-fishers and aquaculture
farmers across the lagoon areas (loops R1 and R2). Second, the improved ecological conditions after
the corral removal acted as an incentive for farmers to expand aquaculture areas to new locations
in the lagoon. Together, this led to more fishing gear being employed and more pollution being
discharged to the lagoon. According to the interviewees, the improved ecological conditions lasted
for about two to three years before becoming worse, causing aquatic pervasive diseases in many
areas of the lagoon.
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This archetype suggests the need for a long-term view when planning management interventions.
Accordingly, quick fixes should be used only as interim measures to mediate extreme threats while
exploring effective and sustained solutions (Senge, 2006). Thus, a relevant leverage point to temper
the Fixes that fail feedback in the TGL would be to provide alternative livelihoods and income
sources for those displaced by the intervention, thereby reducing stakeholder reliance on
aquaculture and fishing as their only income source. Some previous studies have suggested that
eco-tourism and community-based tourism could be promising alternatives in the TGL because the
number of visitors to Hue City has been increasing. However, the majority of villagers in the TGL
currently do not have adequate capacity (e.g. service skills, accommodation facilities) to transition
and join this emerging industry. Moreover, in many tourist hotspots in Vietnam, tourism does not
necessarily generate positive outcomes such as new employment opportunities, poverty
alleviation, and improved living standards (Adongo et al., 2017). In some cases, It has led to
significant negative impacts on the environment (e.g. more environmental pollution and
biodiversity degradation (MONRE, 2017) as well as social disturbances (e.g. breakdown in
traditional social structures, loss of traditional lifestyles and knowledge) (IUCN, 1999), disruption of
rural labour markets (Quyen & Khanjanusthiti, 2015), and mounting inflation (Suntikul et al., 2016).
The provincial government should therefore aim to provide training programs for villagers to enable
the tourism sector to develop, along with adequate planning of tourism destinations to minimise
undesirable side effects and increase the variety of offerings to attract visitors. Finally, when
conservation or economic development projects are likely to encroach on fishing grounds, the
provincial government needs to provide fisherfolk with adequate training and opportunities to
transition to non-fishing jobs.
5.5.3. Success to the successful: increased space occupation by a group
Success to the successful highlights inequality in natural resource management in which higher
resource allocation to particular individuals, groups, or societies increases their likelihood of
succeeding compared to other equally capable candidates (Braun, 2002). This archetype includes
two reinforcing feedback loops (Kim, 2000a), representing the dynamics of one growing
(succeeding) and one declining (failing) cycle.
The dynamics of the TGL fishery system well match the Success to the successful archetype; the
gains of the aquaculture group over the fishers’ in a shared fishery space (Figure 5.9) constitute a
key feature of recent changes within the system (H. T. Thanh et al., 2021). As food demand and
market prices of seafood increased in the 1990s, the local government launched numerous
initiatives to promote aquaculture development and expansion within and around the lagoon. As a
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result, aquaculture farmers accumulated financial capital, encroaching on more and more lagoon
space (R1). Inevitably, the space left for fishing and zones of high quality nursery zones dwindled,
reducing fish populations and slashing fish catch yield (R2). The results from available census data
mirror this system archetype (see Figure 5.6). The dynamics of lagoon space allocation may even
widen the gap of benefits being derived from the lagoon into the future when as a larger number
of more communal fishing grounds are converted into protected areas than relative to what is
currently planned.
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Figure 5.9. Structure and dynamics of Success to the successful archetype in the TGL fishery
system. Grey variables indicate intermediate links to other system archetype(s).
This archetype arose from the uneven distribution of revenues being obtained from the lagoon
resource pool. Better management measures that reduce inequality of revenues between the
groups are therefore necessary. As confirmed in the GMBs and workshop, aquaculture areas are
permanently owned by farmers, and conservation and economic planning often require conversion
from communal fishing grounds. A critical implication is that the local government needs to secure
the livelihoods of the “losers” meaning that fishing grounds should be prioritised for the fishers.
Stakeholders, especially fishers whose livelihoods are heavily reliant on fishing, need to be
adequately involved in designing and implementing fishery management plans and have their
voices heard, and should receive sufficient compensation if they are losing their long-standing
fishing grounds. Currently, new rules dictate co-management mechanisms and territorial user rights
for fishers; however, their effectiveness is curtailed due to low participation and compliance of
fishers.
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5.5.4. Tragedy of the commons: intensified and unsustainable exploitation of the lagoon
resources
Tragedy of the commons provides insights into the effects of individual benefits on the long-term
sustainability of socio-ecological systems. When each individual and/or group exploits limited
common resources to fulfil their own demands, they continue gaining as long as resources are
abundant. As users intensify their exploitation, satisfaction drops when resources become
significantly depleted or entirely consumed (Maani & Cavana, 2007; Neudert et al., 2019; Senge,
2006). This archetype is witnessed when multiple users compete with each other in a shared space,
but the local government lacks capacity (or knowledge) to enforce users to comply with regulations
to limit resource use.
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Figure 5.10. Tragedy of the commons archetype in the TGL fishery system. Grey variable indicates
intermediate links to other system archetype(s).
In the TGL, this archetype consists of two reinforcing loops representing intensification of fishing
efforts and aquaculture expansion and three balancing loops depicting negative consequences
(Figure 5.10). The use of the lagoon resources has intensified because each group (fishers,
aquaculture farmers) tries to maximise their gains. The fishing group increased fish catch mainly
through higher fishing efforts (R2). When the total catch is lower than the fish reproduction rate
and fish stock limit, the positive gain incentivises fishing activities while also attracting new fishers.
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Positive net gain from aquaculture farms encourages farmers to expand their farm (R1). However,
in the long term, fishing and aquaculture increased pollution in the lagoon, and since the system
has limited space and purification capacity, such intensification ultimately diminished net gains for
each group (B1, B2 and B3). When net gains decreased (e.g. fish catch amount, aquaculture yield
per ha), TGL resources users’ often intensified their exploitation efforts, thereby exacerbating the
problem. This behaviour of the Tragedy of the commons archetype complements the observed
evidence of increased water pollution and reduced fish catch per household over time (see Figure
5.6).
The leverage points in this case lie with both the resource users and management agencies. Firstly,
given the low education level of fishers and aquaculture farmers in the TGL (also confirmed in Chi
et al. (2018b)), it is essential to heighten awareness of the long-term system trajectories and the
interconnections between individual actions and the overall sustainability of the lagoon, for
instance by offering adequate fishery extension programs. These can gradually encourage resource
users to adopt more sustainable practices. Secondly, villagers stressed the importance of
communication and peer pressure across communities to reduce destructive exploitation activities.
Communication can also help build trust between stakeholders, reduce social conflict, and boost
co-management efficacy. Thirdly, the local government ought to facilitate self-regulating
mechanisms for monitoring resource exploitation. Several state-led mechanisms (e.g. comanagement, territorial use rights for fisheries) have been established, but participation and
compliance are low as fishers are not authorised to punish violators and receive no financial
remuneration for monitoring. Moreover, fishers face the risk of reprisal from violators who may
destroy their property in the lagoon. Many villagers advocated for more legal rights under comanagement schemes to control illegal exploitation activities and to avoid further depletion of
lagoon resources.
As with many lagoons, the TGL acts as a sink for pollution. It receives more than 60% of wastewater
originated from the entire province of Thua Thien Hue; direct pollution discharged from onsite
activities (i.e. domestic consumption, aquaculture, and fishing) accounts for a relatively small
proportion to which the lagoon is exposed (Trang et al., 2013). This reality indicates that efforts of
lagoon communities only are unlikely to be able to prevent the Tragedy of the commons. This,
therefore, underpins the notion that a comprehensive solution requires regional planning and
efforts to reduce external pressures (i.e. pollution discharge) on the lagoon system as well as
advancing science on water quality (e.g., the environmental carrying and purifying capacity) and
fishery (e.g., fish stock and recovery capacity assessments) to identify limits of acceptable change.
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5.6. Discussion
5.6.1. Interpretation of system archetypes for improved CPR management
Multiple archetypes often occur and are related to each other rather than operating independently
in one socio-ecological system (Neudert et al., 2019). The TGL case showed that the four identified
system archetypes included several overlapping issues: water pollution, aquaculture diseases,
social conflict, and fish stock decline. This suggests that management interventions targeting one
archetype will also influence others, and that improper management and interventions could
induce unintended consequences. This is clear in the Fixes that fail archetype when the removal of
fish corrals improved the lagoon water and ecological conditions in the short term, but also led to
increased fishing and aquaculture expansion that, in turn, contributed to symptoms associated the
Tragedy of the commons feedback pathways. Hence, these findings imply that fishery managers
need to carefully examine in more depth the consequences of proposed interventions and have a
long-term vision. For example, if some fishers are forced to shift to other, less profitable or desirable
livelihood activities, the government will need to provide sufficient support to dissuade them from
returning to fishing activities later.
We argue that the possibilities to avoid the dominance of undesirable archetypes (i.e. Tragedy of
the commons, Fixes that fail) in the TGL remain limited, as they do in other SSF systems globally,
because of three main reasons. First, both fishers and aquaculture farmers originate from the
lagoon, hence they have strong place-based identities and attachments to their fishing grounds and
aquaculture areas. The identities tie them to fishery-dependent activities. Many interviewees
insisted they would continue fishing despite dwindling fish catch, since fishing was their preferred
lifestyle that was also linked to their freedom. Second, limited livelihood alternatives in SSFs inhibit
villagers from readily switching to non-fishery jobs. Some literature suggests that place-based
resource users tend to pursue more sustainable practices (Masterson et al., 2017) or demonstrate
more willingness to participate in co-management activities (Zanetell & Knuth, 2004, p. 793).
However, when opportunities for income diversification are scarce, place-based attachments may
in fact become barriers for preventing transitions to sustainable pathways (Cinner, Daw, et al.,
2009; Hanh & Boonstra, 2018). Finally, the Tragedy of the commons in lagoon SSFs originates not
only from locally generated activities (fishing and aquaculture) but also from exogenous pressures
(upstream reservoirs, urban pollution discharges and climate change) (H. T. Thanh et al., 2020). This
situation poses undeniable challenges for local resource users and managers, potentially
disempowering them as they know their own efforts are likely to be inadequate to prevent the
degradation of fishery resources.
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However, there are ways out of this impasse. They require substantial efforts at the scale of the
lagoon and at larger geographical levels. This is because the Limits to growth and Fixes that fails
encompass more local issues while the Success to successful relates to regional factors (e.g.,
provincial fishery policies and seafood demand) and the Tragedy of the commons is strongly linked
to larger-scale factors (e.g. external drivers of pollution discharge and population growth driving
decline of the fishery system). Specifically, the enforcement of existing fishery rules is likely the
most imperative action to improve fish stock. For example, previous studies suggested that a
flexible monitoring scheme, including sufficient financial incentives for villagers to join fishery
monitoring schemes, could reduce over-harvesting and illegal fishing in many fishing grounds in the
TGL (e.g. Chi et al., 2018a). Furthermore, reducing the heavy reliance on fisheries as the only
predominant source of income is expected to reverse resource degradation. This requires planning
and investment from provincial and national governments to further diversify employment
opportunities among fishery-dependent communities. Lastly, environmental policies that limit
external pressures (e.g. water pollution from distant sources) are a necessary step to contribute to
improving the ecological conditions of the lagoon.
5.6.2. Practical methodological insights
We have provided empirical evidence for an emerging approach that combines participatory
modelling with systems analysis to understand the structure and examine feedback behaviours of
a SSF in Vietnam. Our combined method enabled a shift from traditional approaches that provide
external resources and solutions for a priori-framed problem to agency-driven approaches that
focus on the strengths within communities. Problem-based approaches may fail when external
interventions do not align with the needs and priorities of stakeholders who navigate complex local
socio-ecological contexts (Watkins et al., 2018, pp. 61-62). In contrast, approaches that emphasise
agency and strength create the space needed to bring stakeholders with diverse types of knowledge
into a more inclusive and collaborative modelling process. This encourages them to express
divergent viewpoints and grapple with the system in its entirety, including real-life problems, needs
and aspirations. In our case study, the convergence of key problems and feedback loops, as
explained by the local stakeholders, would not have been explicit without such an inclusive and
collaborative methodology. The results from our modelling approach are in line with observations
by Paolisso et al. (2019, p. 109) that collaborative learning promotes knowledge exchanges and
enables negotiations between stakeholders towards sustainability of socio-ecological systems. An
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implication derived from this case study is that fishery policies may ultimately attract higher
participation and compliance of resource users when broader deliberations are taken seriously25.
Furthermore, iterative modelling processes are well suited to create an open, non-threatening
space and provide a transparent framework for early stakeholder engagement; this, in turn, may
help avert public obstructions and mobilise public resources for implementing management plans
(Stave, 2002, p. 139). Inclusiveness from the get-go not only helps the villagers expand their own
understanding of the system in question and appreciate diverse viewpoints but also ensures a sense
of ownership of management plans, decisions, and policies (Chi, Schilizzi, et al., 2020, p. 6; Treby &
Clark, 2004, pp. 355-356). Early engagement also increases trust and social connections between
stakeholders, particularly when they have experienced their ecological knowledge and agency
being repeatedly belittled or ignored by higher-level governments (Chi, Hailu, et al., 2020). The
lesson from the approach in this case study highlights the potential of participatory modelling to
enhance meaningful communication among stakeholders, particularly when the complex system is
decoded into smaller, more relatable elements (in this case easily understood system archetypes).
This may help otherwise overlooked stakeholders to envision and ultimately implement more
sustainable practices, given more nuanced appreciations of longer-term and potentially farreaching consequences of their actions.
Our analysis mapped out the various system variables, causal relationships, and feedback loops,
but did not venture beyond at the level of qualitative elements. Hence, the model outputs
(feedback loops and system archetypes) remain hypotheses. The results of this work should be used
as an essential foundation for further investigations and assessments that pursue quantitative
simulation of system dynamics (Figure 5.2). Furthermore, future studies may benefit from including
a wider range of participants such as policymakers, resource managers and socially-diverse
participants (e.g. more women and cultural/ethnic minorities) in the modelling processes. This
would ensure that multiple stakeholders beyond male resource users get a chance to collaborate
in inclusive and respectful ways which, in fact, is a precondition for successful management of SSFs
and CPRs in general (Cohen et al., 2019; Veríssimo & Campbell, 2015).

25

The participatory workshop included an evaluation survey that asked the participants to evaluate the
modelling processes and outcomes. Generally, the participants expressed their positive experiences, as they
understood conceptual models, key interactions between system variables and the long-term dynamics of
the lagoon SSF. However, I have not had an opportunity to conduct a follow up fieldwork since the final
workshop in January 2019, I could not justify whether the results of this thesis have caused any changes in
the participants’ practices toward more sustainable ways.
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5.7. Conclusion
In this paper, the conceptual model that represents the system structure, feedback-effects and
system archetypes in a small-scale fishery context in Vietnam was developed based on an iterative
approach combining participatory modelling and systems thinking. We have mapped key variables
and the causal relationships that provide the foundation for understanding the long-term behaviour
of the study system. Our findings show that the relationships and interactions between system
variables are non-linear and cyclical, thus causing several feedback loops. The feedback loops
governing the system behaviour encompass three interconnected components: ecological (water
pollution, fish stock, aquatic diseases), social (aquaculture and fishing activities, co-management,
social conflict, the use of destructive gear) and economic (aquaculture production, fish catch and
fishery income).
An improved understanding of the archetypical structures underlying complex social-ecological
systems can help us visualise pathways to sustainability. The occurrence of four archetypes in the
TGL were the results of interactions between multiple and interconnected feedback loops. The
dominance of reinforcing over balancing loops implies more sources of growth, erosion, and
collapse in the system evolution (Kotir et al., 2017b). It seems that the system will more rapidly
follow the logic of the Tragedy of the commons if the current resource exploitation practices and
pollution loads are not effectively regulated. Although various potential solutions were proposed
for each archetype, we emphasise, in accordance with local stakeholder perspectives, the
importance of simultaneously reducing overharvesting of the lagoon resources and enhancing
livelihood diversity in an integrated management plan. These insights suggest that policymakers
ought to design management plans that discourage or even prohibit exploitative practices and
unsustainable reinforcing loops that would push the system towards collapse. At the same time,
non-fishery income activities such as eco-tourism and factory employment need to be promoted to
reduce high dependence on the lagoon resources. Although these solutions are not straightforward
and potentially trigger negative consequences for rural socioeconomic and ecological systems, they
are needed to counteract the decline of resources in coastal lagoon systems across the globe. This
is because fisherfolk in this type of SSFs have not just “contributed to the decline of the resources
they depend on, but rather they lacked opportunities, motivation, and capacity to prevent this
decline” (Björkvik et al., 2020, Conclusions).
From a methodological perspective, our approach that combines participatory modelling with
systems thinking makes it possible to elicit real-life stakeholder concerns and priorities and, as such,
bypass a priori problem definitions and detached management interventions. The approach used
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here offers a transparent and intuitive modelling procedure, thus allowing place-specific ecological
knowledge to be integrated into modelling processes to comprehend the system complexity,
variable interactions and feedback mechanisms in relatable terms. This case study of a small-scale
fishery, albeit grounded in place-based contexts in Vietnam, offers valuable insights into inclusive
engagement possibilities for common-pool resource management elsewhere. As these
environments are particularly susceptible to future challenges brought about by climate change,
such approaches can also assist in identifying pathways for adaptation and building resilience.
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Chapter appendix
Appendix 1. Key feedback loops identified in the Tam Giang Lagoon system
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The artisanal fishery system in the TGL has been significantly transformed to dominant aquaculture
areas. Loop R1 represents a strong relationship between aquaculture expansion and yield.
Aquaculture expansion increased yield and revenue, which in turn encouraged villagers to convert
fishing space and adjacent agricultural lands to aquaculture ponds. Higher aquaculture yield
generated higher income, increased access to education for young villagers, and enhanced
aquaculture knowledge and diversified aquaculture models, after some delay (loop R6). This
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expansion, however, was countered by a balancing loop reflecting aquatic diseases (loop B1).
Accordingly, aquaculture expansion required more supplemental feeds, resulting in water pollution
that disallowed regular water exchange between the lagoon and ponds. This increased the risks of
aquatic diseases, reduced aquaculture yield and slowed the expansion. To counter the impacts of
aquatic diseases, villagers and local authorities evaluated alternative aquaculture models;
successful models reinvigorated expansion (loop R2).
Study participants raised critical concerns about the increasing use of destructive gear and amount
of gear, the latter by fishers to maintain their catch when water pollution reduced fish reproduction
and stock in the lagoon. This increased the amount of chemicals being used for gear cleaning, which
in turn led to increased water pollution (loop R3) and reduced fish stocks (R4). In response to
declining fish catch and fish stocks, some fishers shifted to other alternative employment; however,
the majority tended to intensify fishing efforts, leading to further degradation of fish stock and
resources. Even though it was used widely, the use of illegal, destructive gear accelerated social
conflicts (loop R5, R7). The results reduced the efficiency of co-management initiatives, and less
effort was paid to monitoring illegal fishing activities.
Although reinforcing loops involving aquaculture expansion and the use of destructive gear were
dominant, there were some balancing loops, represented in loop B3 and B4 that illustrate the
effects of social concerns. Aquaculture expansion reduces water quality (loop B3) and fishing
ground availability (B4), leading to reduced fish catch and increasing social conflict. These situations
forced the local government to adjust management systems, and eventually slowed down or
prevented aquaculture expansion in some particular areas. As a result, the expansion of
aquaculture in recent years is at a much slower pace compared to the period of aquaculture boom
in the 2000s.
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6.Chapter 6. Conclusion

6.1. Introduction
Globally in the last two decades, or so, coastal small-scale fisheries (SSFs) have been experiencing
rapid changes and transformations in their social-ecological systems (SESs). In parallel, there has
been a growing body of literature on the consequences of these changes to the associated fishery
communities, the environmental and climatic drivers behind them, and suggested management
interventions. However, there remain critical challenges in understanding the temporal dynamics
and interactions of multiple cross-scalar drivers and their differential impacts on natural resourcedependent communities. The need for an enhanced understanding of how SESs evolve, the role of
drivers, and why communities are affected in different ways has been emphasised in recent
literature (N. Bennett et al., 2016; Fawcett et al., 2017; Ford et al., 2018). Longitudinal studies have
emerged as an appropriate approach to deal with problems in complex SESs (Fawcett et al., 2017;
Ford et al., 2018; Naylor et al., 2020). In the context of a SSF in Vietnam, this thesis has attempted
to make scholarly contributions to bridge shortcomings in the literature by examining the evolution
and associated impacts on community livelihoods in this SSF and by providing empirical evidence
of system dynamics for its sustainable management. Specifically, this research addressed the
following questions:
1. How has the small-scale fishery system of the Tam Giang Lagoon evolved in responding
to changing socioeconomic, environmental, and climatic conditions over the past three
decades?
2. How did the changes in the system shape the livelihood dynamics of different fisherydependent groups?
3. What are the key factors and processes that management efforts should focus on to
address resource-use problems and improve the social-ecological resilience of the smallscale fishery system?
The research focused on the Tam Giang Lagoon (TGL), a hotspot of multiple socioeconomic,
environmental and climatic disturbances in Vietnam. Chapter 1 provided an overview of the
research problems and objectives, conceptual foundations and lenses for the research, and
shortcomings in the literature. Chapter 2 described methods employed for data collection, analysis
and interpretation. The research questions were addressed in a series of three papers which
examined different aspects of the problem in a case study. Chapter 3 (Paper 1) set the foundation
for this research, providing an overall understanding of the evolution of the SSF and associated
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livelihood pathways for ~ 100 years. Chapter 4 (Paper 2) further examined the livelihood dynamics
by using a three-dimensional vulnerability framework and compared differences in livelihood
conditions and wellbeing of fishing and aquaculture households in the context of changing SESs.
Chapter 5 (Paper 3) drew on local knowledge and perspectives to investigate the complexity of the
system structure and explain recurrent resource-use problems in fishery common-pool resources.
This last chapter summarises key findings, scholarly contributions, policy and management
implications, and limitations and directions for future research.
6.2. Summary of key findings
Chapter 3 (paper 1) drew on a review of the resilience literature and the adaptive cycle to trace the
evolution of the TGL SES. The findings showed that the present condition of the fishery had been
shaped by a series of historical events and governance attempts at reorganisation. Historical shocks
triggered the evolution of the system. This opened up opportunities for new livelihood options that
involved resettlement on the land for mobile-gear fishers and the development of aquaculture but
also led to undesirable outcomes. The results provided a preliminary understanding of the
divergent livelihood pathways of local communities, in which only some households gained benefits
following an upward trend while most households were constrained by changes in SES following a
downward trend. Fishery communities in the TGL are expected to face new challenges induced by
the further intensification of resource use, its association with ecological degradation, and climate
change. The results also showed the role of cross-scale processes (local, regional, national and
international) and cross-domain interactions (social and ecological components) in accelerating
changes in this lagoon SES. These findings are consistent with those of other studies, which show
that the long-term dynamics of coupled SESs are complex and often shaped by multiple drivers and
across-scale and domain interactions between system components and drivers (Antoni et al., 2019;
Goulden et al., 2013; Rasmussen & Reenberg, 2012; Salvia & Quaranta, 2015; Tenza et al., 2017).
Chapter 3 also showed that the adaptive cycle heuristic could be used as a tool to explain the
evolution of complex SESs such as SSFs. However, it is important to note that the adaptive cycle is
not a predictive tool, and an SES does not necessarily follow four phases sequentially. Instead, SESs
can transit between phases depending on the magnitude of the disturbances and the resilience of
the system.
Recognising that the dynamics of the TGL fishery system was strongly associated with the
transformation from artisanal fishing to aquaculture, a challenging question emerged: whether or
not this transformation brought equal benefits for all groups of resource users in the communities?
This question then required further analysis. Chapter 4, therefore, conducted an analysis of
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longitudinal livelihood dynamics associated with the new adaptation (i.e. aquaculture) in the TGL
and quantitatively compared whether the differences in livelihood outcomes and household
wellbeing between adopters (aquaculture households) and non-adopters (fishing households) were
statistically significant or just happened by chance. The findings revealed that aquaculture
households experienced conditions of higher wellbeing. The differences in overall wellbeing, basic
materials for a good life, security, and freedom of choice and actions between aquaculture and
fishing households were statistically significant. There were no differences in health and social
relations. Three distinct livelihood trajectories, accumulating, fluctuating and marginalising, were
demonstrated. These represented the differential pathways available to fishing- and aquaculturedependent households that emerged as a result of the impacts of the transformation and multiple
stressors. In this constrained yet shared resource space, the transformational adaptation through
aquaculture has benefited the adopters and enhanced their livelihood resilience but had
detrimental consequences for the non-adopting fishers who found themselves locked into a state
of heightened vulnerability. In other words, livelihood adaptations taken by one group have
consequences for the other. This has been true in the past, and such consequences, albeit
unintended, are expected to be the case in the future. More worrisome still is that aquaculture may
ultimately drive the entire SES to a higher vulnerability level. The heterogeneity of livelihood
trajectories also revealed the differential struggles each group faces. These findings corroborate
those of previous studies that also showed the heterogeneity of livelihood trajectories and the
marginalisation of fishing families (often poor households) in the context of aquaculture expansion
in shallow-water environments in Vietnam, Bangladesh and India (Hoque et al., 2018; Nayak &
Berkes, 2010; Orchard et al., 2016). More importantly, livelihood and wellbeing conditions of the
fishing households in the TGL lag much behind the national macro-economic growth and poverty
reduction trends. This is consistent with those of other previous studies conducted in small-scale
coastal fishery communities in Vietnam (e. g. Betcherman et al., 2019; Betcherman & Marschke,
2016; Marschke & Betcherman, 2016).
Small-scale coastal fisheries like those encountered in the TGL will remain reliant on common-pool
resources despite their tangible experiences with ecological and environmental degradation. The
sustainability of SESs depends on resource exploitation practices and how multiple users with
various interests compete and interact with each other and their ecological system. These
processes may reinforce or stabilise the SESs. Chapter 5 integrated participatory modelling and
systems thinking to develop a conceptual model to understand complex structure and feedback
between resource exploitation practices and the sustainability of the TGL system. The model
revealed the extent to which the dynamics of the TGL SES were governed by non-linear and cyclic
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feedback loops between social and ecological components. Four generic system archetypes,
namely “Limits to growth”, “Fixes that fail”, “Success to the successful”, and “Tragedy of the
commons”, were presented in the TGL fishery system. These archetypes were related to and
interacted with each other rather than operating independently. Their interactions caused the
recurrent resource-use problems that continue to pose challenges for management interventions.
The analysis of the system structure and archetypes revealed that avoiding the dominance of
undesirable archetypes in a highly contested fishery system such as the TGL remains limited for
both local resource users and managers because of cultural and socioeconomic constraints.
Overexploitation and limited livelihood opportunities were the main factors contributing to
resource degradation and livelihood struggles. Moreover, fishers and aquaculture farmers tended
to intensify exploitation practices rather than diversify their livelihood spectrum. Hence, reducing
levels of resource exploitation and expanding livelihood alternatives for communities are the key
to more sustainable pathways for this common-pool resource system. Furthermore, this Chapter
demonstrated the usefulness of integrating participatory modelling with systems thinking to
improve communication and promote a shared understanding among resource users.
Although a comprehensive assessment of spatial vulnerability is beyond the scope of this study,
there were substantial differences in ecological and social vulnerability across the lagoon
communities, and in particular between the coastal (represented by V14) and inland (represented
by HDPL) sides of the TGL. Differences in ecological vulnerability can be linked to a number of
primary consequences of climate change associated risks (i.e. coastal and river floods, droughts,
sea level rise) and risks associated with water pollution. The inland side is highly exposed to river
flooding and water pollution because of its close proximity to rivers draining the surrounding
landscapes and residential towns within the floodplain. As the inland side communities generally
have a lower quality of infrastructure (e.g. houses, roads, ponds), and the majority of the population
lives in the floodplain, they face increasing risk of submergence and damage to aquaculture ponds.
According to the interviewees, river dykes that were built in the 1980s are not adequate to protect
the inland villages from medium-sized floods. The issue of submergence is thought to be worse
under future climate projections. Therefore, the inland communities may need to consolidate or
even relocate residential and fishery infrastructure to cope with those risks. Aquaculture
production and fish stocks are also affected by degraded water quality, which has been linked to
droughts, as one of the main causes of aquatic diseases and fish kills, and generally reduced fishery
production on the inland margin of the lagoon. By contrast, the coastal side is considered to be
more exposed to coastal flooding and erosion, which is increasing in likelihood due to sea level rise.
However, the management activities on the coastal side have been somewhat successful in
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protecting the coastal assets by using nature-based restoration approaches, such as sand dune and
forest repair, and also through the use of human-made seawalls; together these actions have made
these communities less risk prone toclimate change and water pollution.
Moreover, projections of intensity and frequency of droughts through the 21st century are expected
to increasingly affect communities across the lagoon. Specifically, droughts increase salinity,
resulting in hypoxia and fish kills in aquaculture areas in the summer. However, while villages on
the coastal side benefit from seawater, maintained by a half-day tidal regime that provides suitable
salinity and oxygen levels for both wild and farmed fish, the inland aquaculture areas are
constrained by reduced water levels and limited flushing. As a result, in recent years the coastal
communities have experienced fewer disease outbreaks in aquaculture areas relative to the inland
communities. Impacts of the above-mentioned stressors have been witnessed to reduce the
capacity of the ecosystem to remain productive, causing disproportionate consequences for fishery
communities across the lagoon.
Overall, the coastal communities are considered to have higher social vulnerability than the inland
villages. Differences in social vulnerability between the two sides of the lagoon are evident in
socioeconomic backgrounds: fishery dependency, remoteness, the average income from fisheries,
and adaptation options. Higher fishery dependency rate in coastal communities, compared to
inland villages, means that the former would be more sensitive to changes in the lagoon system.
However, when considering average density (i.e. the number of households per ha), the coastal
side has a significantly lower density than the inland side. Remoteness acts as a direct contributor
to overall vulnerability of the communities across the lagoon. While villagers on the inland side have
more opportunities to take seasonal labour jobs because daily travel to adjacent towns is easy,
those on the coastal side have fewer options to earn additional income because they often have to
travel long distances and high risk of road accidents. Travel difficulties increase fishery dependency
for those living on the lagoon's coastal side. However, the success of the recent multi-species
aquaculture model has helped households on the coastal side increase their adaptive capacity (i.e.
increased income and human capital). For example, high income helps villagers invest in education
for their children to support the potential development of new knowledge for aquaculture to cope
with negative impacts such as aquatic diseases and advance larvae production in the future. Finally,
adaptation options significantly vary among the lagoon communities. Households on the inland side
chose to invest their labour in non-fishery jobs in nearby towns whereas villagers on the coastal
side tend to invest their time and money in aquaculture farming. Thus, adaptation options
inevitably contribute to the adaptive capacity of fishery communities, and these are driven by the
availability of alternative sources of income and the impacts of hazards.
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6.3. Contributions to scholarship
The thesis, as a whole, brings together the concepts of vulnerability, resilience, livelihood, wellbeing
and systems thinking into one case study. This approach contributes to the growing body of
empirical studies that employ an integrated analytical framework to improve our understanding of
the holistic dynamics and complexity of coupled social-ecological systems, and the associated
consequences for natural resource-dependent communities. Together, the thesis chapters provide
substantial contributions to scholarship in the fields of social-ecological vulnerability and dynamics.
They do so by responding to recent calls for: (i) longitudinal analyses for assessing impacts of
multiple stressors and vulnerability dynamics at the community level (e.g. N. Bennett et al., 2016;
Fawcett et al., 2017; Ford et al., 2018; Naylor et al., 2020) [Chapter 3 and 4]; and (ii) empirical
studies that adopt systems-based approaches for understanding complex resource-use problems
in coupled social-ecological systems (e.g. Binder et al., 2013; Elsawah et al., 2017; Little et al., 2019;
J. Liu et al., 2015) [Chapter 5].
Firstly, this thesis is one of the first studies of a tropical fishery context that has been able to provide
empirical evidence to prove the differential impacts of multiple stressors on different groups of
rural populations. Although the concept is well established, it has to date been mostly discussed
conceptually in the literature on climate change and global environmental research (see recent
reviews by N. Bennett et al., 2016; Ford et al., 2018; Räsänen et al., 2016 ; K. Thomas et al., 2019).
For example, Chapter 13 in the IPCC AR5 report (L. Olsson et al., 2014) conceptualises differential
livelihood trajectories when a system is simultaneously impacted by multiple stressors originating
from both macro and micro levels. However, it remains of topical interest to analyse data from
diverse case studies to validate this concept. This thesis advances the literature on the impacts of
multiple stressors at the community level by demonstrating that, when multiple stressors intersect
or coincide, heterogeneous livelihood trajectories can emerge. Specifically, the data showed that
only a few households benefited considerably, and some households benefited modestly, whilst
most households had their livelihood quality further diminished. Moreover, while there have been
increasing studies acknowledging the role of multiple impacts in driving differential livelihood
vulnerability and marginalisation (Räsänen et al., 2016; K. Thomas et al., 2019), conventional
vulnerability assessments often fail to capture intra-community (within scale) heterogeneity and
diversity (Segnon et al., 2020). Analysis of the livelihood trajectories at the household level in this
study demonstrated that households within communities followed different pathways, depending
on their own adaptive capacity, relative exposure to natural resource conditions, and institutional
support. Within the same community, households were not homogeneous, spanning differential
levels of vulnerability (high, medium, low). By revealing and visualising different livelihood
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trajectories within and across communities, this thesis adds to a limited number of empirical studies
that describe rural livelihoods as “a moving target” (Valbuena et al., 2015). Capturing the
heterogeneity in, and dynamics of, rural livelihoods that result from the impacts of multiple
stressors allows for identifying the vulnerable groups and helps to avoid an “one-size-fits-all”
adaptation intervention that continues to be common place in the systems literature.
Secondly, with respect to longitudinal livelihood dynamics in the context of fishery transformation
and national economic development, this thesis has demonstrated that small-scale fishing
households have been unable to take advantage of opportunities arising from the national macroeconomic modernisation to increase their local wellbeing. I acknowledge previous studies (e.g.
Belton et al., 2017; Betcherman et al., 2019; Betcherman & Marschke, 2016; Marschke &
Betcherman, 2016) that found that national-level economic growth did not always benefit rural
communities. These studies had revealed massive shifts across various livelihood activities (e.g.
fishing, aquaculture, migration), leading to a diversification of income sources and less dependence
on common resources through time. This thesis delivers a new piece to the understanding of the
livelihood strategies undertaken by fisherfolk, by highlighting that, when rural households were
constrained by multiple stressors, many tended to concentrate on just a few of their livelihood
activities, causing an intensification of unsustainable practices and further common resource
degradation. This could be because the government has prioritised its investment into more
profitable sectors, like aquaculture, for international export and economic growth, without
adequate consideration for providing the required support for the artisanal fishing community.
Intensification of unsustainable fishery practices (coping strategies) ultimately led to further
erosion of the ecological capacity, potentially causing a maladaptive response. Understanding how
household livelihoods align with the national macro-economic development is important because
it allows scholars to comprehend disproportional negative and possibly unexpected impacts to
fishery-based communities from economic development and fishery transformation.
Thirdly, this study advances the body of knowledge on the vulnerability dynamics in fishery socialecological systems by combining the perspective from both system dynamics (the adaptive cycles)
and livelihood dynamics (the multi-dimensional vulnerability framework). As Ford et al. (2018)
contend, although the literature has long recognised vulnerability as dynamic, a significant
proportion of contemporary research has continued to focus on examining vulnerability as an
outcome, providing snapshots of the vulnerability context and “neglecting how vulnerability is
produced and evolves over time” (p. 194), including at the community level. This thesis contributes
to addressing this gap: it illustrates that,

when multiple disturbances converged in time,

differentiation of vulnerability within the community occurred, whereby livelihoods of aquaculture179

based households became more resilient while fishing families became more vulnerable; this
potentially contributed to a loss of resilience within the entire system overall. Remarkably, similar
to previous studies (Antoni et al., 2019; Goulden et al., 2013; Rasmussen & Reenberg, 2012), the
convergence of multiple disturbances seemed to overlap with collapse phases in the adaptive cycles
used to describe a social-ecological system. From a system dynamics perspective, the adaptive cycle
analysis suggested collapses had happened to the entire lagoon system. However, when looking at
the system from a livelihood dynamics view, the aquaculture subsystem had the capacity to prevent
the system from a full collapse, which would have pushed the system beyond a threshold and
broken the entire system structure and function. These insights provide a more nuanced
understanding of social-ecological interactions, making it possible to pinpoint how and why
differentially positioned actors of a system evolve in particular pathways, which can improve
adaptation planning efforts.
Finally, with this in mind, this thesis contributes to the practice of implementing system-based
approaches by integrating the system archetypes into an analytic process for unpacking the
complexity and interconnectivity between system components of SESs. This integration advances
conceptual models (CLDs) by distilling complex structures into more understandable, traceable and
tangible system archetypes that are more relatable to stakeholder groups with diverse backgrounds
(Banson et al., 2016; N. C. Nguyen & Bosch, 2013). By reducing the highly complex system into four
underlying archetypes, this research has been able to (i) identify priority management “leverage”
points that participants could more easily understand, and (ii) envision future trajectories of the
social-ecological system in which they were participating. Analysis of system archetypes allowed
identification of the core system variables, non-linear relationships, and cyclic feedback processes
underlying system behaviour that caused persistent resource-use problems and unexpected
consequences in fishery common-pool resources. These insights allow envisioning different future
trajectories that were not explicitly captured via the perspective of vulnerability and livelihood
dynamics as analysed in Chapter 3 and 4 of this study. Understanding system dynamics through the
lens of archetypes, therefore, provides opportunities for examining how a system functions and
how and in what conditions interventions can potentially steer a system toward more sustainable
and desirable trajectories.
6.4. Implications for policy and management
The findings of the evolution of the TGL and associated consequences for community livelihoods
provide managers and policymakers with useful information about system resilience and
management interventions. Firstly, because the transition between phases and cycles is strongly
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triggered and accelerated by governance interventions, management efforts should expand
monitoring scope to involve more indicators, such as the decline of native fish and presence of
invasive species, to identify early warning signals for tipping points. Adding these indicators
together with existing monitoring activities of water quality and illegal fishing can provide early
signals of possible regime shifts that inform resource managers to implement necessary
interventions to direct the system away from undesirable tipping points or prepare to adapt when
shifts are unavoidable. Secondly, prompting institutional responses to prolonged problems (e.g.
water pollution, disease outbreaks and habitat degradation) is required to reduce the risk of system
collapse. Currently, the villagers strongly complained about the tardy response from the
government, especially in response to water pollution and pervasive illegal fishing. This
recommendation should, however, entail capacity building for governmental officials responsible
for the lagoon and fishery management.
In the context of Vietnam, the government has invested significantly in aquaculture development
for international export over the last three decades. This boosted the country to become the thirdlargest global seafood exporter and improved overall national economic growth and poverty
reduction. However, the findings in this study showed the heterogeneity of livelihood trajectories
of fishery households, in which some households benefited, but many others were marginalised
along with the expansion of aquaculture and national economic development. This fact requires
more action to provide sustainable and equitable livelihood opportunities for fishery communities
to cope with future changes, shocks and stresses, and ultimately, to improve long-term SES
resilience. Firstly, in decision-making processes, policymakers need to take into consideration the
diverse and contradictory struggles and aspirations of different groups. In particular, the needs of
the least influential and marginalised group need to be incorporated and supported in target
policies because this group is likely to resist policies if their livelihood risks and constraints are not
adequately addressed. Secondly, securing enough space for fishing is a means of securing the
livelihoods of fishing households that heavily depend on the lagoon resources. More importantly,
in the context of ecological and habitat degradation and dealing with other economic and
conservation interests in using the lagoon, securing the space and access rights for fishers is crucial.
As stated by one of the village leaders, no fishers should be excluded from accessing the lagoon
commons they have been using for centuries. The above recommendations may provide insights to
assist in implementing the regulations contained in the most recently issued policy on the
management of the TGL. In February 2020, the provincial government made the decision to convert
some common fishing grounds (~10% of the lagoon area) to protected wetland areas. This policy
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will affect the already marginalised fishers most as it excludes fishing activities in many parts of the
lagoon even though the government has proposed some assistance for fishers.
The findings from the analysis of system dynamics and archetypes suggest that greater efforts
should be made to support livelihood diversification at the local/community level to reduce
villagers’ reliance on fishery activities, and consequently, resource degradation and social conflict
over competition for space. Livelihood diversification is likely the key to ease the resource-use
problems in the TGL because, despite the villagers’ acute awareness of the long-term impacts of
overharvesting, they cannot reduce their activities as alternative livelihood options are limited.
However, diversification of livelihoods should be viewed as a continued and long-term strategy that
requires provincial and national agencies to provide both training and investment. In addition,
NGOs can also play prominent roles in rural livelihood diversifications in providing capacity building,
supporting social networks, initiating adaptation programmes, providing micro-financial credit
services and mobilising climate funds in rural communities. These types of support have been seen
as effective ways to encourage rural households to diversify livelihood activities or minimise the
negative impacts of climate change in developing nations (L. Jones et al., 2016; Tahiru et al., 2019;
Yaro et al., 2015). In the meantime, the government must commit to more significant efforts
(human resource and financial support) to enforce resource users to comply with existing
management regulations. This is because the current unsustainable exploitation practices (use of
destructive gear, use of tiny mesh size nets, pollution discharge) are widespread across the lagoon
areas while the participation of villagers in fishery monitoring in FAs is just a voluntary activity.
Some researchers (e.g. Chi et al., 2018a) previously argued that villagers’ low compliance was the
underlying driver for the “race to fish”, leading to the decline of fish stocks in the TGL. Moreover,
greater efforts from the government are needed to reduce or prevent the discharge of wastewater
from multiple sources (onsite aquaculture ponds, adjacent aquaculture fields, and residential areas)
into the lagoon to improve ecological conditions. Currently, the TGL receives ~70% of the pollution
load of the entire Thua Thien Hue province, and this is expected to increase because of future
urbanisation and population growth (Trang et al., 2014). One promising solution is to treat domestic
wastewater generated from urban areas properly before discharging into the lagoon.
Furthermore, policymakers can combine participatory modelling and system dynamics modelling
(even its conceptual form) as a decision-making support tool to integrate more diverse local
ecological knowledge from the lagoon scale. Engaging local stakeholders from different locations
of the lagoon in the modelling process can help facilitate communication and sharing of experiences
between different groups. This modelling approach could be useful in rural contexts, especially
where data is often limited or unavailable, overharvesting is high, and the compliance rate is low.
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6.5. Limitations of the thesis and directions for future research
Although I made attempts to design and conduct this research to obtain insightful results, some
limitations were not envisaged and avoidable. After reflecting on the research processes and
outcomes, there remain limitations that need to be considered in future research. First, while this
study examined household livelihoods, it engaged mainly male participants. By doing so, it
undoubtedly missed some important gender differences (e.g. lived experiences and struggles,
financial management and expense skills, social networks) that play critical roles in shaping the
livelihoods of rural households. Given the rural culture and customs in Vietnam, the heads of
households - often men - are typically the ones who engage with outsiders like researchers,
especially when the researcher(s) is male. Future research should involve female respondents to
capture gender dynamics and differences to provide a more comprehensive picture of household
livelihoods in this lagoon. To overcome the gender barrier in recruiting women for such studies,
research teams should include female researchers who will easily communicate with female
participants.
Second, this study stratified the respondents into two groups (fishing and aquaculture households)
and surveyed the heads of the households for analysis and comparison. This binary was useful and
ultimately proved insightful, but it made it much more difficult to detect the complexity of
livelihood trajectories and wellbeing conditions within each group, or even within an individual
family. Future research should consider strategies to disentangle variation within groups to provide
more nuanced insights when undertaking comparisons and longitudinal analyses. In addition,
although I tried to encourage all the participants in FGDs and the workshop to give their ideas, it
was not always easy to do so because some participants (especially the poor) sometimes seemed
to be reluctant to speak about the negative issues in front of their community leader and richer
individuals. By pointing this out, I do not mean the community leads (the community leader and
the head of FA) sought to dominate or shape the discussions in the FGDs and the participatory
workshop. Nevertheless, their participation in these activities may have had some invisible effects
on the discussions and created unconscious bias. To reduce the power asymmetry that is
embedded in rural culture and customs in Vietnam, I suggest that (i) future research could benefit
from organising FGDs and participatory workshops separately for different household groups
(stratified by socioeconomic and cultural backgrounds); and (ii) researchers should be aware, during
sampling design, of the inherent power inequality that may prevent more truthful participant
responses.
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Third, this thesis faced methodological limitations when it heavily depended on two heuristics (the
adaptive cycles as proposed by Holling and Gunderson (2002), and the multi-dimensional
vulnerability framework as proposed by Fraser et al. (2011). These two heuristics have strengths to
enable researchers to investigate and explain SES dynamics and vulnerability contexts but are
criticised for some aspects, for example, lack of prediction capacity. Firstly, there is a certain degree
of subjectivity in defining phases in the adaptive cycles due to the paucity of data sources. In
addition, the adaptive cycle is not a prediction tool for identifying transition points in SESs and
anticipating outcomes of the evolution of SESs. As SESs are complex adaptive systems with a high
capacity to adapt and resist changes, they do not necessarily follow the cyclical process of the
adaptive cycle. In fact, the transition and movement of SESs depend on both interactions between
their social and ecological components and disturbances and among their components. Hence, it
may require other perspectives (e.g. power relations, environmental justice) to better explain the
outcomes of the evolution of SESs. These lenses would help researchers better understand power
dynamics, obtain more insightful nuances regarding which groups are less recognised within SSF
management and decision-making processes, and reveal benefit and burden sharing among
different groups of resource users at the community level. I explored the potential of these
alternative concepts only in hindsight, therefore, had missed an opportunity to use them in this
study. Secondly, the multi-dimensional vulnerability framework provides a comprehensive
representation of temporally and spatially heterogeneous livelihood trajectories between groups.
However, it is unable to capture shifts of livelihood activities (e.g. shifts from fishing to aquaculture
and vice versa) through time. There are other ways of tracking temporal livelihood shifts, such as
the “livelihood transition matrix” (Betcherman et al., 2019; Betcherman & Marschke, 2016), and
the “evolving livelihood pathway” (Belton et al., 2017). Unlike Fraser’s framework, the livelihood
transition matrix with its emerging livelihood pathway concept can help researchers illuminate
shifts within the spectrum of livelihood activities through time and space. Because of the time limit
for this study, I was not able to engage such alternative frameworks. Future studies that adopt
multiple frameworks simultaneously to examine how they complement each other would be
interesting. Such studies may potentially result in a hybrid framework necessary for future use.
Four, this study only completed the first two stages in the system dynamics modelling, and further
research is needed to quantitatively simulate system behaviour and feedback mechanisms
identified in the conceptual model. Whilst my original intention was to carry out a quantitative
simulation and examine how the system dynamics change under different scenarios, I was
confronted by patchy and inconsistent data and too many uncertainties to commit to a quantitative
model. I advocate that quantitative evidence may better facilitate communication between
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policymakers and local stakeholders. For example, if the model can graphically show how current
fishing practices will reduce fish stocks in numeric evidence; this is more understandable to fishers
and more convincing for enforcing fishery regulations. Future research needs to examine the TGL
system dynamics in numeric simulations. Depending on the purpose and available resources,
simulations can work with the whole system or focus on some of its critical components, e.g. water
pollution, the rise of destructive fishing gear in use, overfishing, or climate change to examine their
influence on the overall system dynamics.
Finally, this study was conducted in a small-scale fishery system situated in a shallow and sheltered
water basin. In this geographical context, the development of aquaculture, a promising livelihood
strategy providing food security and poverty reduction for local communities, had unexpected
consequences for capture fishers and the sustainability of the system. However, the extrapolation
of empirical findings from this study to other coastal SSF contexts in Vietnam and other countries
may be problematic because the introduction of aquaculture, even in shallow and sheltered water
bodies, does not always cause negative impacts to fishery communities (see the case study in the
coastal lagoons in Sri Lanka by Galappaththi and Nayak (2017)). Therefore, similar studies should
be conducted in other SSFs, particularly where aquaculture has occupied common fishing grounds,
to complement my findings and provide a broader understanding of the differential impacts of the
system transformations. Moreover, while the participatory modelling processes revealed that the
behaviour of resource users was influenced by resource conditions and the practices of other
stakeholders, this study did not conduct an explicit analysis of how and under what conditions
villagers may change their behaviours. Future research using behavioural experiments would be
useful to identify ways to encourage sustainable practices.
6.6. Concluding remarks and reflections
This research was inspired by previous work by leading scholars (e.g. Derek Armitage, Fikret Berkes,
Melissa Marschke, Truong Van Tuyen) conducted in the Tam Giang Lagoon. The work of Armitage
et al. (2011) showed that many innovative governance initiatives (e.g. the formation of comanagement institutional networks, the regulation of access rights) had been unable to address
over-harvesting and resource degradation but just “buy time until other livelihood opportunities
arise”. This thesis corroborates this view as most of the interviewed fishers were pessimistic about
the future of the TGL fisheries and their livelihoods. Hence, solving the issues of SSFs requires a
greater effort to create alternative livelihood options for fishery households.
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Managing such a highly dynamic and complex SSF like the TGL towards ecological sustainability and
livelihood improvement is extremely challenging. Hilborn (2007) emphasised that managing fishery
resources is managing people. Therefore, along with the socioeconomic and environmental
aspects, integrating psychological factors and behaviour of stakeholders (resource users) into
research will contribute to broadening our understanding of interactions between humans and the
ecosystem. This is important because people may resist seemingly well-designed management
interventions just because they feel excluded and not satisfied with the outcomes of previous
interventions. In addition, in coupled social-ecological systems such as small-scale fisheries, local
resource users usually have rich knowledge and lived experiences and play a vital role in their
management. Encouraging and empowering local resource users to participate in decision-making
processes can help reveal unexplored windows of opportunities towards more sustainable
pathways.
In the past three decades, Vietnam has witnessed miracle economic growth and poverty reduction
trends. Fishery production, including captured and farmed fish, has increased significantly, making
the country the third-largest global seafood exporter. However, globally, “SSFs are being subtly and
overtly squeezed for geographic, political and economic space by larger-scale economic and
environmental conservation interests, jeopardizing the substantial benefits SSF provide through the
livelihoods…” (Cohen et al., 2019, p. 1). Empirical findings from the TGL case study reflect that the
marginalisation of SSF households is more evident in shallow and sheltered waters where multiple
stakeholders and users compete for the same spaces and resources. Such marginalisation raises the
need for a requirement of economic policy in fisheries management to secure “a just space for
small-scale fisheries” and fishery-dependent livelihoods.
Several frameworks have been proposed and applied for analysing SESs in the last two decades.
Although frameworks focus on different levels of spatial and temporal scales, they commonly
accept that SESs are complex adaptive systems, and their evolution is determined by multi-scalar
complex interactions between the social and ecological components (Binder et al., 2013; de Vos et
al., 2019; Naylor et al., 2020; Turner et al., 2003). Hence, studying the dynamics of SESs needs to
employ different knowledge domains (Binder et al., 2013; de Vos et al., 2019; Partelow, 2018).
Considering this proposition from the literature on SES studies, this study combines different
concepts and lenses to address the research questions. In my view, some findings from a particular
concept can both support and challenge one another. For example, the resilience concept and the
adaptive cycle lens indicated two collapses of the entire system; however, the livelihood dynamics
concept revealed that the lagoon evolution resulted in divergent livelihood pathways - many
resource users lost out but some benefited from changes, and they helped prevent the system from
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a complete collapse. These empirical findings indicate that, when individual concepts focus on
different scales, they may miss nuanced insights into the dynamics and consequences of SESs.
Therefore, the integration of multiple frameworks can be used to consolidate across scales,
enabling the exploration of scale effects in SESs that might not be visible otherwise.
Based on insights from this place-based research, I argue that the integrated framework enables
the examination of the temporal dimensions of vulnerability and offers a potential approach to
unpack the spatial dimensions of vulnerability and the consequences of changes in SESs. While the
temporal dimension of change was illustrated over a period of three decades (Chapter 4), the
spatial dimension of change should be more explicitly examined and visualised by comparing
ecological, socioeconomic and institutional aspects of different communities/places (see an
example from Lin & Morefield, 2011). Although the use of all concepts within the integrated
framework of this study has helped me explore the dynamics of the TGL over three decades, there
are several aspects that I would change if I was to start again. First, I would define the adaptive
cycles and phases in some measurable indicators (e.g. aquaculture production, amount of fish
catch) to more easily communicate the results to stakeholders. Second, I would find a way to
combine the multi-dimensional framework and the livelihood shift matrix to capture both livelihood
shifts (change from one activity to another) and the direction of the livelihood trajectories (quality
of change) in SESs. Third, I suggest similar studies in the future should consider employing the
vulnerability and resilience concepts together because they offer different lenses to explore
dynamics of SESs at different spatial levels. In contrast, system dynamics modelling and archetype
analysis can be used independently because they focus on different aspects of the system.
However, knowledge and experience gained during preceding data collection and analysis of
system vulnerability and resilience (Chapter 3 and 4) were useful for me to interpret the
interactions and feedback processes (Chapter 5). I hope these reflections, even in hindsight, provide
some thoughts for future studies that aim to explore the dynamics of SESs and livelihood outcomes
in other SESs.
Regarding the fieldwork activities, I would use the same order (i.e. scoping visits, archival research,
semi-structured interviews, FGDs, household surveys, and the participatory workshop) because it
helped me: (i) build rapport with the community leaders who played an important role for all data
collection activities at the community level, (ii) recruit an adequate number of participants and
work closely with them in the short period allocated for my fieldwork, and (iii) understand the local
culture and customs to adjust fieldwork activities accordingly. I would also use the same methods
because they focused on differential scales (household, village and lagoon) to provide
complementary insights into the research issues. I found the methods informed each other well in
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this study. For example, the results from the semi-structured interviews provided me insights into
the livelihood dynamics of different groups that shaped questions I asked in the FGDs. Based on my
experience, conducting all fieldwork activities in a consecutive order (i.e. scoping visits, archival
research, semi-structured interviews, FGDs, community walks, household surveys and a
participatory workshop) provided context-specific information to allow me to refine some of the
planned survey and interview questions as the fieldwork progressed. For example, the semistructured interviews enabled me to recognise that almost all of the households just had a small
homestead land area (few square meters); hence, I had to eliminate questions about the role of
homestead land in providing subsistence food during difficult times that I had planned in the design
stage. However, it is possible to use some of these methods independently (for instance, household
surveys, semi-structured interviews and focus group discussions), depending on the specific
research purpose and cultural and political characteristics.
However, based on critical limitations I comprehend now, after this research was completed, I
would conduct some activities in different ways or involve a wider diversity of participants. First,
FGDs and the workshop would be organised to stratify feedback by gender (men and women), or
by socioeconomic background (poor, medium poor and rich households) because separate FGDs
could reduce the impacts of power inequality among the participants (the poor vs. the rich, women
vs. men). Separate FGDs, therefore, would create more liberty among marginalised participants
who are often considered the low class in rural areas for them to raise their voice on the research
problems relevant to them.
Second, I would interview female household members to capture more nuanced and diverse
insights into household livelihoods and wellbeing because “the home, domestic work and the family
has been regarded as women’s domain” (Valentine, 1999, p. 67). In practice, some women
participated in my interviews with their husbands. However, as I explained earlier, unless
researchers explicitly recruit women for interviews, the head (often a man) of a household will
inevitably represent his family to take part in research activities. Third, I would conduct two
workshops because I observed that the participants rushed in some discussions during my
workshop. Specifically, the first one is to review the results of the fieldwork and refine conceptual
causal loop diagrams that were built from the FGDs and subsequent analysis. The second workshop
would focus on identifying feedback loops and discussing some relevant system archetypes and
participants’ willingness to take actions to prevent undesirable archetypes from continuing in the
TGL. Thirdly, I would recruit participants from government departments, especially the Department
of Agriculture and Rural Development, and Department of Natural Resources, and local NGO staffs
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to take part in some activities to obtain more insights into the research problems from their point
of view.
Finally, as discussed earlier, aquaculture-based livelihoods benefited at the expense of fishingbased households; however, the former played a critical role in preventing the system from a full
collapse in the past. Given these insights, this thesis raises environmental justice issues for future
management regarding benefits and burden sharing between different groups of resource users.
Managers and policymakers will face a challenging question – should they support the rich to
become richer to prevent the system from crossing a dangerous tipping point, or not? From an
equity perspective, I argue that it is necessary to reduce the concentration of wealth among a small
number of village elites because: (i) benefits from the commons should be fairly distributed, and
(ii) further undue burden should not be placed on the poor who are already vulnerable and
marginalised and contribute least to changes in SESs. More importantly, already degraded SESs in
coastal and low-lying lands such as the TGL will likely be facing more severe impacts of climate
change and urbanisation that have the potential to accelerate abrupt changes in these systems.
Therefore, in some cases, regime shifts may be unavoidable and necessary. With this in mind,
policymakers, instead of attempting to prevent changes, should consider facilitating shifts of a
system to new and more desirable regimes for all groups of stakeholders. In order to do so,
managers and policymakers should focus on underlying feedback loops, variables and drivers to
identify leverage points for systemic interventions.
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Appendix 6. Household survey questions
Date of interview: ……………………………………….

Name of village:
…………………………...........................
Survey ID:
……………………………………………………………..
Respondent’s education level:

Ethnic group: ………………………. Head of
household: yes/no
Male ….
Age: ………
Female….
 Not schooling
 Primary school
 Secondary school  High school
 College or above

I. Household background information
Q1. How long has your family been living in this village? …………………………
Q2. How many people are there in your household? ………………………….
1-14 years old: ……….
15-60 years old: ………………………..persons
persons

>60 years old: …………
persons

Q3. What is your household economic status compared to the national poverty standard (poor if average
income per capita <750.000 VND/month):  Poor Just above-poor Non-poor
Q4. What are/were sources of your household livelihoods? Please indicate three most important sources in
each period.
Livelihood
Who currently
From
From 2000-2006
Before 2000 (when
involved?
2007(when aquaculture
aquaculture
present
boomed)
started)
 Fishing
 Respondent
 Spouse
 Children
 Aquaculture
 Respondent
 Spouse
 Children
Agriculture
 Respondent
 Spouse
 Children
Livestock
 Respondent
 Spouse
 Children
Tourism
 Respondent
 Spouse
 Children
 Wage labor
 Respondent
 Spouse
 Children
 Public services
 Respondent
 Spouse
 Children
 Others (specify)
 Respondent
…………………………..
 Spouse
 Children
Q5. Housing conditions and utilities
a. Housing materials
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House’s
size
House
type:

…………….. (m2)
 Cottage

 Semi-brick

 Brick

 Others: ………………………………………………

b. Water supply and sanitation conditions
Dry season
Water source for
 Supplied water
domestic uses
 Surface water from pond or lagoon
 Rain water
 Underground water from well
Type of sanitation facility

Wet season
 Supplied water
 Surface water from pond or
lagoon
 Rain water
 Underground water from well

 Sanitary with flush
 Traditional without flush

c. Energy sources for domestic uses
Does your household have electricity connection?
What is your main cooking fuel?

 Yes (Year connected…………….)
 No
…………………………………………………………………………
……………………………

Q6. Household livelihood assets
a. Does your household have any of the following assets?
No. Item
1
Basic furniture items (tables, chairs, beds…)
2
Television
3
Computer with internet access
4
Radio
5
Washing machine, fridge
6
Mobile phone/home phone in use
7
Motorbike
8
Car
b. Does your household have any of the following productive assets?
No. Item
1
Boat
2
Fishing gears, nets
3
Irrigation pump
4
Power tiller, rice milling machine
5
Van, small truck
6
…………………………………………………………………………………………………………….

Number of items

Number of items

Q7. Food security and consumption
a. Does your household have enough food to eat through all year round?  Yes  No
If “No”, what time of year does your family face with food insecurity/shortage? …………………….because
………………………………………………………………………………………………………………………………………………………………………
……………………..………………………………………………………………………………………………………………………………………………
…………………….……………………………………………………………………………………………………………………………………………
Q8. Income and saving
a. What is your household’s current status of income and saving?
 We have enough income for daily expenses, and have some for savings and investment
 We just have enough income for daily expenses, cannot save any
 We do not have enough income to meet our daily expenses
b. Does your household have any loan at the present?  Yes  No
What is the current amount …………………………………….VND
of loan?
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What is the interest?
Where did you take the
loan(s) from?
What did you use the loan
for?
Are you struggling to repay
the loan(s)?

………………………………………%
……………………………………………………………………………………………………………….
……………………………………………………………………………………………………………….
 Yes  No

c. What does your main household income come from?
……………………………………………………………………………………………………
d. What was your household income last years? ……………………………………………………………………….. (VND)
Q9. Social networks
a. Did your household receive help/support (money, labor…) from local community in difficult periods?
 Yes, for example
…………………………………………………………………………………………………………………………………………………………  No,
because
………………………………………………………………………………………………………………………………………………………………….
b. Are you a member of any following local organisations?
Local organisation
Your position
 Farmer Association
 Leader/sub-leader  Regular member
 Fishery Association
 Leader/sub-leader  Regular member
 Women Union
 Leader/sub-leader  Regular member
 Other (specify)
 Leader/sub-leader  Regular member
………………………………………………….
………………………………………………….
………………………………………………….

II. Livelihood activities and adaptation
Q10. Aquaculture-based activities
a. How much aquaculture area (pond and water surface) do you currently have? ………………………………………..
(ha)
b. How is your current aquaculture area compared to the two following periods?
From 2000-2006 (when aquaculture boomed over the lagoon)
 Increased  Unchanged  Decreased
Reasons of change:
…………………………………………………………………………………………………………………………………………………………...............
………………………………………………………………………………………………………………………………………………………………………
Before 2000 (when aquaculture first introduced and applied in the lagoon)
 Increased  Unchanged  Decreased
Reasons of change:
…………………………………………………………………………………………………………………………………………………………...............
………………………………………………………………………………………………………………………………………………………………………
c. Do you currently rent in any aquaculture area from other villagers?
 Yes, I rent in ………………. (ha) in year …………
 No.
d. Do you currently rent out any aquaculture area to other villagers?
 Yes, I rent out………………. (ha) in year …………………………………………..
 No.
e. How has your aquaculture farming system changed in the following periods?
Recent years
2000-2006
Before 2000
Farming system  Extensive
 Extensive
 Extensive
 Semi-Intensive
 Semi-Intensive
 Semi-Intensive
 Intensive
 Intensive
 Intensive
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Culture method
Yield (ton/ha)
Main species
cultivated
Main purpose
of farming

 Not farming
 Others: …………………….
 Monoculture
 Polyculture
………………………………………
………………………………………
………………………………………
………………………………………
 For sale
 For household
subsistence

 Not farming
 Others: …………………….
 Monoculture
 Polyculture
………………………………………
………………………………………
………………………………………
………………………………………
 For sale
 For household
subsistence

 Not farming
 Others: …………………….
 Monoculture
 Polyculture
………………………………………
………………………………………
………………………………………
………………………………………
 For sale
 For household
subsistence

What were the main reasons for you to change farming system/method?
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
f. Which certain years brought you most, least benefit from aquaculture?
Most benefit year:
…………..because…………………………………………………………………………………………………………………….
………………………………………………………………………………………………………………………………………………………………………
Least benefit year:
…………..because…………………………………………………………………………………………………………………….
………………………………………………………………………………………………………………………………………………………………………
g. Did your farm experience aquatic diseases in the past?
 Yes, in years: …………………………. Name of disease: ……………………………………………………………………………
 No.
h. How did you usually do to maintain your farm yield or income when its yield reduced?
 Clean up the farm
 Apply more artificial feeds
 Grow new varieties or species
 Try to understand causes and find solutions
 Rent out the farm
 Give up for a season
 Continue as usual and hope for better coming season
 Take wage labor or other income generating activities
 Others (specify):
…………………………………………………………………………………………………………………………………………………………
i. What environmental factors positively supported your aquaculture farm development?
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
j. What environmental factors negatively affected your aquaculture farm development?
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
Q11. Fishing-based activities
a. Are you a member of local Fishery Association?  Yes No
b. Do you have rights to fish in open access ground on the lagoon?  Yes No
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c. How have open access ground in the lagoon and your fishing activities changed in the following periods?
Recent years
2000-2006
Before 2000
Area of open
 Not enough for fishing
 Not enough for fishing
 Not enough for fishing
access ground
 Enough for fishing
 Enough for fishing
 Enough for fishing
 More than enough for
 More than enough for
 More than enough for
fishing
fishing
fishing
Yield
 High
 High
 High
 Medium
 Medium
 Medium
 Low
 Low
 Low
Main species
……………………………………… ……………………………………… ………………………………………
caught
……………………………………… ……………………………………… ………………………………………
……………………………………… ……………………………………… ………………………………………
Fishing gear
……………………………………… ……………………………………… ………………………………………
……………………………………… ……………………………………… ………………………………………
……………………………………… ……………………………………… ………………………………………
Main purpose
 For sale
 For sale
 For sale
of fishing
 For household
 For household
 For household
subsistence
subsistence
subsistence
d. What do you think about the fish stock in the lagoon compared to the past?
 Increased  Unchanged  Decreased
What were the main reasons for change?
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
e. Which certain year brought you most, least benefit from fishing?
Most benefit year: ……………….. ……………………………………………………………………………………………………………………
because ……………………………………………………………………………………… ………………………………………………………………
Least year: ……………….. ……………………………………………………………………………………………………………………………….
because ……………………………………………………………………………………… …………………………………………………………….
………………………………………………………………………………………………………………………………………………………………………
f. How did you usually do to maintain your fishing yield or income when fish catch yield reduced?
 Use more gears
 Extend your trip longer
 Move to further fishing ground
 Give up for a season
 Continue as usual and hope for better coming days
 Take wage labor or other income generating activities
 Others (specify):
…………………………………………………………………………………………………………………………………………………………………...
i. What environmental factors positively supported your fishing yield?
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
……
j. What environmental factors negatively affected your fishing yield?
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
Q12. Other livelihood activities
a. What is the area of your homestead land? …………………………………………… (ha)
b. Do you currently grow vegetables or short seasonal crops in your homestead garden?
 Yes, I grow for my family use only
 Yes, I grow for my family use and sale
 No because my garden is small
 No because the soil quality is poor
c. What types of livestock did you have in the following periods?
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Recent years

2000-2006

Before 2000

Cow/buffalo/pig (head)
Poultry (head)
Others (specify)
Q13. Besides main jobs, which following activities did you or any member of your household recently
involve to make a living in recent years?
 Worked in seasonal labor for others in the community and town
 Migrated to work in the town as a factory worker
 Took longer fishing trips to further fishing ground
 Traded local products
 Started your own business
 Others (specify):
……………………………………………………………………………………………………………………………………………………….
Q14. Overall, compared to the time when this area experienced aquaculture start (before 2000); rapid and
uncontrolled aquaculture expansion (2000-2006), and farming methods change and collective planning and
management start (since 2007 to present),
a. Your household livelihoods and wellbeing was best in the period ………………………… because ………………
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
b. Your household livelihoods and wellbeing was worst in the period ………………………… because
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
Q15. What types of the following supports would you prefer to receive from the governments and external
supporters (NGOs…) to maintain your household livelihoods in long term? Please select only three most
important ones.
 Direct financial assistance
 Concessional loans
 Training about new agriculture and aquaculture techniques
 Training for alternative livelihood activities
 Land and water surface allocation
 Tax reduction for agriculture and aquaculture
 Others (specify): ……………………………………………………………………………………………………………………………………….
III. Perception of social-ecological changes
Q16. How do you concern about the following climate related risks and their future impacts on your
farming activities?
Degree of concern
Climate related risks

Mediu
m

Do
not
know



Very
high

High

Change in seasonal pattern of rainfall
Change in seasonal pattern of
temperature
More severe droughts
Lack of fresh surface water
Increase of frequency and intensity of
extreme events (floods, typhoons…)
Increase of frequency and intensity of
coastal erosion




















































Increase of salinity intrusion into the
lagoon and agricultural land













Increase of invasive species or aquatic
diseases in the lagoon













Low

Very low

Q17. Do you think the lagoon water and soil fertility will continue to be suitable for aquaculture
development in the future?

226

 Yes, because …………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………………………
 No, because
………………………………………………………………………………………………………………………………………………….
………………………………………………………………………………………………………………………………………………………………………
 Do not know, because
…………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………………………
Q18. Do you think the lagoon water and soil fertility will continue to be suitable for agriculture in the
future?
 Yes, because …………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………………………
 No, because …………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………………………
 Do not know, because
………………………………………………………………………………………………………………………………………………………………………
Q19. Do you think the lagoon will continue to be favour for fish stock increase in the future?
 Yes, because …………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………………………
 No, because …………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………………………
 Do not know, because
………………………………………………………………………………………………………………………………………………………………………
……
Q20. Do you want to continue your current job by staying connected with the lagoon resources or switch to
off-farm job?
 Yes, continue because
………………………………………………………………………………………………………………………………………………………………………
 No, want to change the job because
…..…………………………………………………………………………………………………………………………………………………………………
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Q21. How much do you agree with the following statements about the life in your community?
Level of agreement
Statement

Strongl
y agree

1. It is a safe place to live
2. I have enough access to fresh water for consumption
3. I have enough access to foods
4. I own enough water body/aquaculture
ponds/agricultural land for farming
5. I have a good house to live
6. I have enough access to education
7. I have enough access to public healthcare system
8. Basically, I have everything I need to leave happily here
9. Water and air are clean and free of pollution
10. The land is productive and free of pollution
11. There are good relationships among the villagers
12. Villagers collaborate to improve the village conditions
13. The village leader take into account my opinion
14. I have the opportunity to participate or express my
opinion in decision-making process
15. I have helped (used to help) my neighbors at difficult
time
16. I contribute to local charity actions with money, clothes
or foods

No
idea

Disagree
































































































Thank you very much for your time!!!
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Agree

Strongl
y
disagre
e





Appendix 7. Semi-structured interview questions
1. How many members are there in your household?
a. How many members are in working age (15-60 years old)?
b. How long have you been living in this village?
2. What are you doing for a living?
a. How long have you been doing these jobs?
b. What is the most important job? And why?
c. Do you currently do more jobs/livelihood activities than in the past? Why?
3. How much agricultural land, aquaculture pond do you occupy?
a. Has the size of above properties increased or decreased compared to the past (around 5 to 10
year ago)?
b. How has the yield changed? Which periods did you get the highest yield and lowest yield? Why?
c. Have you currently focus on cash crops/species or subsistence ones? What were the reasons?
4. How did the historic flood in 1999 affect your farming and livelihoods?
5. Has your farm ever been affected by salinity intrusion and/or aquatic diseases in the past?
a. When did those issues happen?
b. How serious were they?
6. What were the main crops/fish you cultivated in the following periods? How did your farm develop in
each period?
a. Before 2000: when historical typhoon in 1985 and flood in 1999 occurred, and economic reform
(1986) and aquaculture start
b. From 2005-2006: when aquaculture uncontrollably expanded
c. Recent years (2015 up to now): collective management and planning (Fishery Associations and
no-take zones establishment)
7. How did the government and external supporters help your family in difficult times?
8. How did the introduction of the lagoon resource management policies (e.g. co-management, ban of
some fishing gears, and establishment of no-take zones…) recently affect your livelihood activities?
9. What the current and future problems in the lagoon do they concern much regarding your livelihood
sustainability?
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Appendix 8. Focus group discussion questions
A. Questions for livelihood trajectory investigation
1. What time in a year is the most hardship in your group? Why?
2. How did your group’s farming system and livelihood activities change in these periods: (use A0 size
papers and sticky cards to draw a timeline for each period)
a. Before 2000: when historical typhoon in 1985 and flood in 1999 occurred, and economic reform
(1986) and aquaculture started
b. From 2000-2006: when aquaculture uncontrollably expanded
d. From 2007- present: collective management and planning (Fishery Associations and no-take
zones establishment)
3. How has land-use change, especially aquaculture expansion, affected your community livelihoods?
a. Who got most benefits? Who got least or even affected?
b. What were your group’s common adaptation strategies?
4. How has salinity intrusion affected your group’s livelihoods system? Who won and lost?
5. Have current cultivation calendars changed compared to the past? Please figure out?
6. How did the introduction of the lagoon resource management policies (e.g. co-management, ban of
some fishing gears, and establishment of no-take zones…) recently affect your group’s livelihood activities?
7. What the current and future problems in the lagoon does your group concern much regarding livelihood
sustainability?
8. Do you think the present community wellbeing is better than in the past?

B. Questions for conceptual model building
Discussion will consider contemporary context and future concerns and problems of social-ecological
systems of the lagoon.
1. What do you think are the current changes in social and ecological systems in the lagoon area that
effecting your group’s livelihoods (income)?
2. What are the drivers, consequences/impacts of those changes?
3. What has your group commonly done to cope with those change? (Please link your responses/actions) to
specific drivers, consequence and impacts.
4. What will be possible drivers, impacts and adaptation strategies in the future?
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