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1.1. Background
Agriculture is a risky industry among others due to exposure to weather extremes (Hardaker et al.,
2015). Further, in open systems such as is often the case in aquaculture, risks also stem from other
farmers (Bush et al., 2010). Joint risk-sharing solutions, such as risk pooling, mutual insurance and
certification programs can incentivize good risk management and eventually reduce the risk.
However, such solutions are often hampered by problems of systemic risks and information
asymmetry (Meuwissen et al., 2001a; Meuwissen et al., 2013; Van Anrooy et al., 2022). Comparing
with other industries, insurance companies backed out of aquaculture industry (Vyas et al., 2021).
Strategies to reduce the problems of systemic risks and information asymmetry are often top-down,
such as the setup of clusters and various types of collective action (Joffre et al., 2019; Ha et al., 2013),
group certification (Aquaculture Stewardship Council, 2019), and aquaculture improvement projects
(Sustainable Fisheries Partnership, 2018). In contrast, bottom-up strategies thriving on farmers’ social
ties and joint responsibility to reduce risk through ‘beyond farm strategies’ get little attention.
However, beyond farm management through cooperation already exists in programs to
improve the sustainability of aquaculture (Aguilar-Manjarrez et al., 2017; Arts et al., 2017; Brugère
et al., 2019). As outlined by Bush et al. (2019), there are multiple beyond farm management
approaches, which can be grouped broadly into economic approaches, ecosystem approaches and
landscape approaches. They vary from individual approaches, starting from the farm-level to more
specifically defined area or landscape approaches, which take the area-level as a starting point. These
beyond farm approaches could function as a steppingstone for improved risk management in
aquaculture, thereby potentially enabling risk financers, such as insurance companies, to re-enter the
aquacultural sector again. In turn, if well-designed, risk sharing instruments could also stimulate
sustainable development of a sector by reducing the downside risk of sustainable investments for
financers, farmers, and other value chain partners.
This thesis focuses on the aquaculture sector (more specifically small-scale shrimp farming).
Aquaculture has a critical responsibility in addressing food security for the global population growth
(Naylor et al., 2021; FAO, 2021), while also maintaining sustainable ecosystems, economies and
societies (FAO, 2020a). Moreover, its related activities offer opportunities to alleviate poverty and
hunger, increase employment, generate income and livelihoods for a majority of communities across
the world, including the small-scale aquaculture producers.
The purpose of this thesis is therefore to explore how beyond farm management enables to
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address systemic risks and information asymmetry. Grounding my thesis in the beyond farm
management approach, I use three analytical dimensions for my exploration: socio-spatial
connectivity, information practices and beyond farm cooperation strategies.
The introduction chapter is structured as followed. In the next section, I present the current
management systems implemented at the beyond farm level. In section three, I introduce the three
analytical dimensions of the conceptual framework. The research questions are formulated in section
four. Finally, I describe the research methodology in section five and outline the overall structure of
this thesis in section six.
1.2. Management systems beyond farm management
Beyond farm management systems are essential to address risks that transcend the boundaries of the
individual farm level (World Bank, 2014). Responding to this, a range of beyond farm management
approaches emerged in Southeast Asia to mitigate systemic production risks (Brugère et al., 2019;
Arts et al., 2017) among others through voluntary sustainability assurance initiatives (Bottema et al.,
2021a; Kruk et al., 2021).
The most familiar examples of area-level approaches are led by external actors. For instance,
so-called clusters are an example of an economic approach where farmers can cooperate in formal or
informal organizations (Kassam et al., 2011). They cooperate with each other in the same locality to
enable self-regulation for implementing standard or better management practices at the farm level
and for increasing bargaining power for inputs or marketing purposes(Umesh et al., 2010; Joffre et
al., 2019; Ha et al., 2013). The ecosystem approach entails aquaculture zoning, site selection, areamanagement (Aguilar-Manjarrez et al., 2017), and zonal approaches led by NGOs (Sustainable
Fisheries Partnership, 2018). Examples can be found in practice applications for disease control on
salmon farms (Gustafson et al., 2016; Murray and Gubbins, 2016). The landscape approach is
relatively similar to the ecosystem approach and is developed by NGOs specifically for aquaculture
in order to achieve multiple objectives, i.e. reduce disease risk, attract business investment and protect
natural resources (The Sustainable Trade Initiative, 2019).
However, the top-down nature of these various approaches forgoes to build on the existing
social relations and common understanding of risks among farmers (Bottema, 2019a). Also Lo and
Chan (2017) and Joffre et al. (2020) stressed the importance of informal and formal relations and
farmer networks to drive cooperation. This raises the question whether bottom-up management can
lead to beyond farm approaches with higher intrinsic motivations of farmers to collaborate and thus
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to more effective ways of dealing with the problems of systemic risks and information asymmetry –
so widely apparent in aquaculture.
1.3. Three dimensions to explore beyond farm management
As mentioned in the beginning of this thesis, I use three analytical dimensions to better understand
the potential of beyond farm management. This section outlines their hypothesized relationship with
systemic risks and information asymmetry.
The first dimension is socio-spatial connectivity. The concept of socio-spatial connectivity
emerges out of a relational understanding of how networks are formed and reproduced in space and
time (Massey, 2005). As Arts et al. (2017) argue, this relational perspective opens up new approaches
for landscape or area-based governance. Instead of management boundaries being drawn around predefined farm boundaries or biophysical ‘units’, socio-spatial connectivity defines boundaries based
on where, when and how social actors coordinate actions based on shared meanings and perceptions
of risk (see for instance Koppen and Bush (2018), Allen et al. (2018), Fischer et al. (2019) and
Kamstra et al. (2019)). The degree of socio-spatial connectivity can be identified at the scale where
risks are perceived to be held in common (Bear, 2013; Vandergeest et al., 2015), and relations of
trusts exist among farmers (Joffre et al., 2020). As such, farmers are likely more motivated to
coordinate management activities to reduce risks which are transmittable beyond the farm. By
understanding where, when and how social actors coordinate actions based on shared meanings and
perceptions of risk, we argue, this dimension enables us to explore how the social connectivity
between farmers operating in a given landscape or ‘area’ affects their risk behaviour (i.e., how they
perceive and manage risks).
The second dimension refers to information practices; that is, shared and routinised ways of
collecting, collating and communicating information through a set of socially learnt skills and a set
of communicative tools and technologies (following Spurling et al. (2013)). This dimension directly
responds to the persistent issue of information asymmetry under the assumption that existing
information practices do not provide the accuracy, precision or coverage needed to adequately assess
conduct and performance (Ngoc et al., 2021b; Samerwong et al., 2018) and/or do not conform to the
formats required for independent assessment (Davis and Boyd, 2021; Kusumawati et al., 2013).
Investigating the dimension of information practices can enable us to understand where, when, how
and with whom small-scale aquaculture farmers share their information about their performance of
shrimp farming. This could then be translated into improvements of the availability and quality of
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data at farm level and thus in reducing information asymmetry in the value chain.
The third dimension assesses the effects of cooperation strategies on reducing systemic risks.
Cooperation strategies between farmers are either direct through collaboration and information
sharing (Galappaththi and Berkes, 2015; Galappaththi et al., 2016) or indirect through seeing and
doing the same thing (Doddema et al., 2018; Shove et al., 2012). The degree of cooperation amongst
farmers is often fairly low (Arts et al., 2017; Bottema et al., 2019b) due to a low understanding of
risk (Bottema, 2019a), and lack of trust (Joffre et al., 2020). This raises the question on what practices
best facilitate collaboration amongst small-scale farmers to address production risks beyond the farm
(Arts et al., 2017; Bottema et al., 2019b).
Central to each dimension is that social relationships play a role and that there is some degree
of common understanding of risks. In this thesis I hypothesize that more social relations and common
understanding of risks reduce the problems of systemic risks and information asymmetry. Vice versa,
I hypothesise that more individualization leads to higher levels of systemic risks and information
asymmetry. Figure 1.1 below summarizes these hypotheses.
Systemic risks and
information asymmetry

Social relations and common understanding of risk
Hypothesized relationship

Figure 1.1: Hypothesized relationship between problems of systemic risks and information
asymmetry, and degree of social relations and common understanding of risk
1.4. Research objectives
The main objective of this thesis is:
To assess how beyond farm management enables to address systemic risks and information
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asymmetry in Vietnamese shrimp aquaculture
This main objective will be achieved by answering the following three research questions that are all
applied to the Vietnamese shrimp aquaculture setting:
1.

How does socio-spatial connectivity between farmers influence their risk behaviour?
(Chapter 2, 3 and 4)

2.

In what ways do information practices impact the quality of data provision in aquaculture?
(Chapter 2 and 3)

3.

What are the effects of cooperation strategies on opportunities for risk sharing solutions
in aquaculture? (Chapter 3, 4 and 5)

1.5. Methodological design
To explore how beyond farm management enables to address systemic risks and information
asymmetry, this thesis uses various quantitative and qualitative methods to collect and analyse data.
This section provides a brief overview on the data collection and the analytical methods employed in
each chapter.
1.5.1. Data collection
Data for chapter 2 (Socio-spatial connectivity index) is collected through a structured farmer survey,
which was carried out from November to December 2018 in Ca Mau, Bac Lieu, and Soc Trang in
Vietnam; the main shrimp producing provinces in the Mekong Delta. Four production systems were
included in the sample: intensive shrimp system, semi-intensive shrimp system, improved extensive
shrimp and integrated mangrove – shrimp system.
The data collection for chapter 3 (Information practices) is conducted in three ways. First, a
mix of participation observation and practical learnings by taking apprentice role are used to observe
the performance of shared practices (Shove et al., 2012). This enables a thick description of why and
how farmers conduct information practices, i.e., with whom, with what language, and where, and
with what links to non-aquaculture practices (Nicolini, 2010). Second, data is collected through semistructured interviews with farmers in the same provinces as above and with other stakeholders.
Interviews were held from July to August 2019. Third, information from the interviews is triangulated
through document analysis, with documents from websites, brochures, certification standards and
reports.
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In chapter 4 (Impact of cooperation strategies on yield risks), two different data sources are
used. Data for the farm-based scenario comes from literature. Data for the cooperation scenarios is
collected through expert elicitation in two online workshops held in May 2022.
In chapter 5 (Opportunities of group-based contracts for risk sharing solutions), information
comes from literature. Building on empirical studies from diverse agri-food sectors an overview of
cooperation strategies and opportunities for risk-sharing solutions is composed.
1.5.2. Analytical methods
With regard to the analytical methods, in chapter 2, a structural equation model (SEM) is used as a
technique which allows to identify relationships among endogenous and exogenous variables (Kline,
2011). The motivation for applying a SEM model is to get a richer understanding about how sociospatial connectivity impacts farmers’ perception of production risks and how they make their
decisions to adopt individual and shared risk management strategies.
Following Doddema et al. (2018), chapter 3 applies a social practice-based framework to
examine situated and routinized behaviour (Shove et al., 2012). Building on Nicolini (2013) the
analysis both ‘zooms in’ on specific performances of actual practices and ‘zooms out’ on linkages
between practices over time and space. In doing so information practices among shrimp farmers are
identified and situated in the everyday sayings and doings of shrimp farming. Finally, these everyday
practices are compared with the demands placed on farmers by international monitoring programs
providing sustainability assurance to international markets. A comparison is then made between
existing and expected practices of collecting, collating, and communicating information on the risks
associated with shrimp farming.
Stochastic modelling is a tool which enables to capture the uncertainty around input variables
by mimicking this variation through probability distributions (Rees, 2015). Chapter 4 uses a stochastic
simulation model to explore the changes in yield losses across different cooperation scenarios. Table
1.1 below summarizes the methodological approaches to collect and analyse data adopted in this
thesis.
1.6. Thesis outline
This thesis consists of six chapters, i.e., the general introduction (Chapter 1), four research chapters
(Chapter 2, 3, 4 and 5) and a concluding chapter with the general discussion and conclusions. Each
research chapter explores various aspects of the horizontal axes of Figure 1.1, i.e., the social relations
and common understanding of risks – as central concept underlying the beyond farm management.
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Chapter 2 develops a socio-spatial index (SSI) that enables to identify area-based management based
on the extent of social connectivity of shrimp farmers. Chapter 3 analyses how existing information
practices as required by the Aquaculture Stewardship Council and VerifiK8 are embedded in the
wider social lives of farmers. Chapter 4 evaluates three cooperation scenarios which vary in the degree
of synchronisation of practices and information sharing practice among farmers within their social
networks. Chapter 5 discusses how group-based contracts can positively affect the feasibility of risksharing solutions. Chapter 6 synthesizes the findings of the four research chapters. The chapter
concludes with providing policy and business recommendations, research limitations and avenues of
future research.
Table 1.1: Overview of the methodological approaches to collect and analyse data adopted in this
thesis
Research chapter

Data collection method

Analysis method

Chapter 2: Socio-spatial
connectivity index

x Structured farmer survey

x
x

Chapter 3: Information
practices

x Participant observation
x Practical learning

x Assessment based on
social practice theory

x Semi-structured interviews
with farmers, NGOs,
processing company, input
suppliers, hatcheries
x Triangulation through
websites, brochures,
certification standards
x Expert elicitation

x Zoom-in and zoomout toolkits

Chapter 4: Impact of
cooperation strategies on
yield risks
Chapter 5: Opportunities
of group-based contracts
for risk sharing solutions

Index composition
Structural Equation
Modelling (SEM)

Stochastic modelling

(Two workshops)
x Literature review

Not applicable
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CHAPTER 2

A socio-spatial index for risk management
in shrimp aquaculture across landscapes

This chapter has been published as:
Lien, H. H., de Mey, Y., Bush, S. R. & Meuwissen, M. P. M. 2021. A socio-spatial index
for risk management in shrimp aquaculture across landscapes. Aquaculture 531.
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Abstract
Area-based management has been promoted to mitigate risks beyond the boundaries of aquaculture
farms. However, there remains no objective measure of the scale at which area-based management
can most effectively control systemic production risks. There is also a lack of understanding of how
the social connectivity between farmers operating in a given landscape or ‘area’ affects the shared
risk perceptions and strategies of shrimp farmers. This chapter addresses this gap by introducing a
socio-spatial index (SSI) that enables the objective definition of area-based management based on the
spatial extent of the social connectivity of shrimp farmers. The study explores how the SSI translates
into individual and shared risk behaviour by using structural equation modelling. The results indicate
that the SSI provides a generic measure for the socio-spatial extent of area-based aquaculture
management and a specific means of determining the probability of farmers adopting shared
mitigation strategies related to key risks like disease. The SSI provides the assessment and further
development of spatially explicit risk management strategies for promoting responsible aquaculture
production.
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2.1. Introduction
Aquaculture is one of the fastest growing industries in Asia, having grown at an average annual rate
of nearly 10 percent over the last three decades to now contribute more than 50% of global seafood
production (FAO, 2018a). Although the development of aquaculture has been associated with high
and fast economic returns, production has been relatively unstable due to the impact of low quality
of inputs and post larvae (Joffre et al., 2018a), water pollution (Anh et al., 2010) and disease
occurrence (Thitamadee et al., 2016). Nearly all of these production risks are either directly or
indirectly attributable to the surrounding environment in which aquaculture farms are embedded
(Soto et al., 2008; Subasinghe et al., 2009).
Recognizing the shared nature of production risks, government and NGOs have developed a
range of ‘beyond farm’ management approaches for the aquaculture industry, including agro-ecology
(Tomich et al., 2011), landscape management (Freeman et al., 2015), farmer clusters and cooperatives
(Joffre et al., 2019), and more recently zonal and area-based management (Aguilar-Manjarrez et al.,
2017; Henriques et al., 2017; Salama et al., 2016). All of these approaches require a high degree of
collaboration amongst socially connected farmers that can enable information sharing and the
coordination of key production activities in a given area, landscape or region, like stocking and water
exchange (Aguilar-Manjarrez et al., 2017). Most recently area-based management has been promoted
as a means of scaling up ‘on farm’ risk management strategies and/or coordinate shared risk
management strategies between farms (and farmers) (Meuwissen et al., 2019; Bush et al., 2019;
Bottema et al., 2019b).
Yet despite the potential benefits of area-based management in mitigating risks beyond the
boundaries of farms (Bottema et al., 2019b), and the proliferation of area-based management
approaches currently employed (e.g. aquaculture management area, bay management plans and
disease management plans, see (Murray and Gubbins, 2016), there remains no standard quantifiable
way of determining the spatial scale at which an ‘area’ should be defined. In addition, while the
importance of cooperation among farmers is widely cited (Ha et al., 2013; Galappaththi and Berkes,
2015; Joffre et al., 2019; Bush et al., 2010; Umesh et al., 2010), most studies focus on individual
rather than shared risk perception, risk attitude and risk management strategies of farmers and other
actors (Ahsan, 2011; Bergfjord, 2009; Joffre et al., 2018b; Le and Cheong, 2010; Lebel et al., 2016;
van Winsen et al., 2016; Meraner and Finger, 2017). By ignoring the role of shared risk perception,
attitude and strategies, we argue that farmer practices that have an effect beyond the boundary of a
farm are likely to be misrepresented.

2
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Using shrimp aquaculture in Vietnam as a case study, we address this research gap by
introducing a socio-spatial index (SSI) that enables an objective and quantifiable definition of areabased management based on the spatial extent of social connectivity between farmers oriented to
mitigating shared risk in a given area. The value of the SSI is two-fold. First, it provides insights to
both individual and shared risk behaviour. Second, it offers a generalizable means of assessing the
connection between shared risk management strategies based on socio-spatial connectivity that can
be used both in and beyond the aquaculture sector.
The chapter is divided into four main parts. The following section explains the design and
operationalization of the SSI based on an empirical survey of shrimp farming in Vietnam, including
three key hypotheses of how the SSI relates to risk behaviour (i.e., risk perception, risk attitude, and
risk management). We then present results testing these hypotheses. The final sections of the chapter
discuss the potential of the SSI on the implementation of area-based approaches to aquaculture
management in Southeast Asia and beyond.
2.2. Design, operationalization, and key hypotheses of socio-spatial index (SSI)
The concept of socio-spatial connectivity emerges out of a relational understanding of how networks
are formed and reproduced in space and time (Massey, 2005). As Arts et al. (2017) argue, this
relational perspective opens up new approaches for landscape or area-based governance. Instead of
management boundaries being drawn around pre-defined jurisdictions or biophysical categories,
socio-spatial connectivity defines these boundaries based on where, when and how social actors
coordinate action based on shared meanings and perceptions of risk (see for e.g. van Koppen and
Bush, 2018; Allen et al., 2018; Fischer et al., 2019; Kamstra et al., 2019)
The definition of relational boundaries is fundamentally different to the top-down definition
of planned zones or top-down management areas. As argued by Bottema et al. (2019b), socially
delineated area-management of shrimp aquaculture is dependent on how farmers anticipate the
outcomes of shared and individual management decisions, faced with high levels of uncertainty. The
delineation of relational spaces of risk can therefore be considered as inherently dynamic, shaped by
the constantly changing risk perception of multiple farmers. Nevertheless, when risks are perceived
to be held in common, and farmers coordinate management activities to minimize these risks, sociospatial boundaries can be stabilized (enough) to constitute the definition of an area (Bear, 2013;
Vandergeest et al., 2015).
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The socio-spatial index (SSI) developed in this chapter represents the relational space of
shared risk management. In developing the SSI, we construct and combine the two composite
indicators of social and spatial connectivity.
Social connectivity is measured by the extent to which farmers share information with their
neighbours – defined by Bottema et al. (2019b) and Aguilar-Manjarrez et al. (2017) as those sharing
a common water source. Our measure of social connectivity is based on the assumption that the more
information sharing the greater the connectivity (Benhabib et al., 2011). As such, the strength of
connectivity is based on the exchange of information related to farming, as well as information related
to everyday life. Here our assumption is that the totality of farming and everyday information
exchanged will have a proportionate effect on the exchange of information about production risks
such as the spread of disease, water exchange, buying feed, and selling shrimp.
Spatial connectivity is represented by the proximity of farmers communicating on shared risk
strategies. We measure this proximity based on the minutes travelled between farms using a
motorbike – the dominant form of transport used by farmers in the Mekong Delta of Vietnam (and in
extension Southeast Asia). Transport time has been selected rather than mobile phone
communication, given our field-observations that these farmers prefer face-to-face engagement when
discussing issues related to production risk. This assumption is corroborated by Matous and
colleagues (2017; 2015) who demonstrate that physical mobility remains a precondition for (digital)
information sharing in rural areas.
To determine the type of risk strategy deployed at the area level, we examine the relationship
between the SSI, production risk perception, and the adoption of risk management strategies.
Accordingly, we test three main hypotheses.
First, we expect the SSI to be positively associated with farmers’ perception of production
risk (Hypothesis H1 in Figure 2.1). This is based on the assumption that risk perception can differ
between individuals (van Winsen et al., 2016), and that the more social interactions farmers have
within their spatial network the more information they will share (Meuwissen et al., 2019) and the
greater their awareness and perception of production risks will be (Hunecke et al., 2017).
Second, we expect the SSI to be positively related to the adoption of on-farm risk management
and risk-sharing strategies (Hypothesis H2 in Figure 2.1). As argued by Meuwissen et al. (2019), the
intention to cooperate around the implementation of risk management strategies increases as farmers
improve their knowledge on production risks through close and regular social contact. Therefore,
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farmers in closed proximity and with high social interaction are likely to adopt more both on-farm
and shared risk management strategies.
Third, we expect risk perception to be positively associated with the adoption of on-farm risk
management strategies and risk-sharing strategies (Hypothesis H3 in Figure 2.1). Risk perception can
differ among individual farmers because of the types of the risk the individual faces and/or the
difference of subjective risk interpretation (van Winsen et al., 2016). Although other factors, such as
quasi-voluntary requirements set by chain actors and finance providers, can influence farmer adoption
of risk management strategies (Meuwissen et al., 2001a), the perception of risk is widely shown to
play an important role in driving and shaping the adoption of farmer risk management strategies
(Bishu et al., 2018; Joffre et al., 2018b; Ahsan, 2011; Lebel et al., 2016). Therefore, individual
farmers with a high perception of risk are expected to actively adopt risk management strategies to
mitigate and share risk with other farmers.
In addition to our main hypotheses, we test the relationship of risk attitude on SSI, risk
perception and risk management strategies (see Figure 2.1). Risk attitude is widely recognized as a
key factor in determining how farmers perceive and act in response to risk (van Winsen et al., 2016;
Meuwissen et al., 2001a; Meraner and Finger, 2017; Ahsan and Roth, 2010). We address risk attitude
(i.e. the degree to which an individual is willing to take risk) by hypothesising that risk averse
individuals have higher risk perceptions and are more likely to adopt multiple risk management
strategies (van Winsen et al., 2016; Meraner and Finger, 2017). There is currently no hypothesis of
risk attitude on our SSI, so we leave the effect to be empirically observed from our analysis
Finally, we test the relationship of personal characteristics of farmers (age, education, shrimp
experience, farmer group types) and farm characteristics (species, production system) with risk
perception, risk management strategies and SSI. Previous studies have correlated these personal
characteristics and farm characteristics with risk perception and risk management strategies (Lebel et
al., 2016; Bishu et al., 2018; Meuwissen et al., 2001a; van Winsen et al., 2016; Meraner and Finger,
2017; Ahsan, 2011; Joffre et al., 2018b; Joffre et al., 2019). However, it does not clear how they
shape relations of individual farmers in a given area. There is also currently no hypothesis of farm
and farmer’s characteristics on SSI, so also here we leave the effect to be empirically observed from
our analysis (see Table 2.1 for a summary of our hypotheses and expected relationship among
variables).
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Table 2.1: Hypothesized relationships between SSI, risk behaviour variables and farmer and farm
characteristics
Variables

Relation

Sign

SSI

Risk perception

+

Adoption of on-farm risk management strategies

+

Adoption of risk-sharing strategies

+

Risk perception
Risk attitude

Adoption of on-farm risk management strategies

+

Adoption of risk-sharing strategies

+

SSI

+/-

Risk perception

+

Adoption of on-farm risk management strategies

+

Adoption of risk-sharing strategies

+

SSI

+

Risk perception

+

Adoption of on-farm risk management strategies

+

Adoption of risk-sharing strategies

+/-

SSI

+

Risk perception

-

Adoption of on-farm risk management strategies

-

Adoption of risk-sharing strategies

+

SSI

+

Risk perception

-

Adoption of on-farm risk management strategies

+

Adoption of risk-sharing strategies

+

Farmer characteristics
Age

Education

Shrimp experiences

Membership of group

SSI

+/-

Risk perception

+/-

Adoption of on-farm risk management strategies

+/-

Adoption of risk-sharing strategies

+/-

Farm characteristics
Intensity of production system

Species

SSI

+/-

Risk perception

-

Adoption of on-farm risk management strategies

+

Adoption of risk-sharing strategies

+

SSI

+/-

Risk perception

+/-

Adoption of on-farm risk management strategies

+/-

Adoption of risk-sharing strategies

+/-

Notes: + positive expected influence, - negative expected influence, +/- no prior
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Socio-spatial index
(SSI)
H1
Risk perception

H2
Risk management
strategies

H3

Risk attitude

Farmer
characteristics

Farm
characteristics

Figure 2.1: Conceptual framework and research hypotheses. Hypothesis 1 (H1) and Hypothesis 2
(H2) indicate a positive association between the socio-spatial index and risk perception and risk
management strategies adoption. Hypothesis 3 (H3) indicates that risk perception is positively
associated with the adoption of risk management strategies
2.3. Methodology
2.3.1. Data collection
Data was collected through a survey of farmers in Ca Mau, Bac Lieu, and Soc Trang; the main shrimp
producing provinces in the Mekong Delta. Four production systems were included in the sample intensive shrimp system (IS), semi-intensive shrimp system (SIS), improved extensive shrimp (IES)
and integrated mangrove – shrimp system (IMS) (Table 2.2). These systems provide the most
generalizable sample of the potential socio-spatial connectivity among shrimp farmers. Specific
farmers were sampled from a selection of districts and communes representing the different
production systems – determined by the volume and area of production. This resulted in a total sample
of 313 farms (See A1 in Appendix A) for more details regarding sample selection).
Our study focuses on production risks (e.g., related to disease risk, input, and water risk) that
affect the volumes and/or quality of production. Starting with the classification of risk management
strategies by Hardaker et al. (2015), we distinguished two categories: on-farm risk management and
risk-sharing strategies in the aquaculture sector. On-farm risk management strategies refer to
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strategies where individual farmers’ decisions determine how the impact of production risks on their
production are mitigated or avoided. Risk-sharing strategies involve communication and coordination
between multiple farmers and/or other actors (e.g., banks, insurers) to mitigate or prevent impacts
from production risks.
Table 2.2: Sample size for each production system in three provinces in Vietnam
Production system
Province

Intensive

Semi-intensive

Improved

Integrated mangrove

shrimp

shrimp

extensive shrimp

– shrimp
0

Total

Soc Trang

25

44

24

93

Bac Lieu

28

6

55

0

89

Ca Mau

44

1

40

46

131

Total

97

51

119

46

313

Questions on production risk and risk management strategies were compiled based on the
Aquaculture Stewardship Council (Aquaculture Stewardship Council, 2014) and Seafood Watch
Standard (Monterey Bay Aquarium, 2016) for aquaculture. The lists of 16 production risks sources
and 46 risk management strategies were then refined through the key literature relating to each
production system in Vietnam (Ha et al., 2013; Bush et al., 2010; Joffre and Bosma, 2009). A set of
46 risk management strategies were categorized as either on-farm and shared, each with several subcategories (see A4). In addition, questions were also asked on the personal characteristics of farmers,
including age, experience, main shrimp area, risk attitude, education, group types, and shrimp species.
Table 2.3 presents the descriptive statistics of selected characteristics of the farmers and their farm in
the sample.
Additional data for the SSI was collected through a mapping exercise. Farmers were asked to
draw their location relative to their main source of water and then identify the location of the
(maximum) five surrounding farms with which they share this water source (based on the
methodology employed by Bottema et al. (2019b)). The number of five surrounding farms was
chosen based on empirical information sourced from interviews with farmers before survey
implementation. Using this map farmers then indicated the farms with which they shared information
about farm management and who they interacted with socially. Farmers were asked about the average
travel time (in minutes) on a motorbike to reach each of these farms. In addition, farmers were asked
to evaluate their relationship with these farms on a three-point scale: 1 (weak), 2 (neutral), and 3
(strong). Further details on survey design and the SSI data collection are explained in A2 in Appendix
A.
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%
%
%
%
%
%
%
%
%
%
%
%
%
%

Primary school
Secondary school
High school
College degree
University degree
Total
6. Membership of group

Cooperatives supported by NGOs
Cooperatives initiated by
t
Individual farmers
Total
7. Shrimp species

Both
Vannamei
Monodon
Total

43.30
44.33
12.37
100.00

44.33
32.99
22.68
100.00

15.46
53.61
25.77
2.06
3.08
100.00

49.02 (10.85)
13.38 (6.39)
1.13 (1.20)
3.47 (1.07)

97

Intensive shrimp

(a)
29.41
36.97
33.61
100.00
(a)
25.21
12.61
62.18
100.00

(a)
31.37
29.41
39.22
100.00
(a)
49.02
41.18
9.80
100.00

17.65
56.86
23.53
0.00
1.96
100.00

52.29 (11.87)
15.64 (5.23) (a)
1.93 (3.70) (a)
3.07 (1.22)
(a)
34.45
47.90
10.92
3.36
3.36
100.00

49.53 (11.37)
16.96 (7.45) (a)
0.95 (0.70)
3.11 (0.88)

Production system
Improved extensive
shrimp
119

Notes: Standard deviation (sd) in parenthesis (a) Significant difference at 5% with intensive production system

5. Education

Mean (sd)
Mean (sd)
Mean (sd)
Mean (sd)

Unit

Age
Shrimp experience
Main shrimp area
BS – risk attitude

1.
2.
3.
4.

Farmer and farm characteristics

Semi-intensive
shrimp
51

Table 2. 3: Descriptive statistics of selected farm and farmer characteristics in the sample

(a)
0.00
0.00
100.00
100.00

(a)
0.00
15.22
88.78
100.00

51.11 (12.03)
19.02 (8.68) (a)
4.31 (2.20) (a)
3.28 (1.25)
(a)
28.26
56.52
15.22
0.00
0.00
100.00

Integrated mangrove –
shrimp
46

30.99
25.24
43.77
100.00

30.03
31.31
38.66
100.00

24.92
52.4
18.21
1.92
2.56
100.00

50.65 (11.54)
15.65 (6.80)
1.87 (2.75)
3.23 (1.14)

Total
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2.3.2. Socio-spatial index (SSI) construction
We construct the SSI following the OECD (2008) framework for composite indicators. Based on the
theoretical framework presented above and the data selection of the previous section (and noting there
was no need for imputation of missing values), we combine the two-dimension ratios of spatial and
social connectivity into one composite index.
Based on the empirical data collected, the social connectivity ratio (SOCIALi) was calculated
for each farmer i that shares water source with J other farms as the equally weighted sum of the K
,
different production related risks discussed between farmers ܴܲ = σ,ୀଵ ܴܲ, divided by

maximum number of risks possibly discussed max(ܴܲ) = 6  ܬ כand the sum of the L different topics

,
related to everyday social participation discussed between farmers ܵܲ = σ,ୀଵ ܴܲ, divided by its

maximum number max(ܵܲ) = 3 ܬ כ:

ܱܵܮܣܫܥ = 0.5 כ

ܴܲ
ܵܲ
+ 0.5 כ
max(ܴܲ)
max(ܵܲ)

The spatial connectivity ratio (SPATIALi) was calculated by deducting the average proximity
to the J other farms of each respondent i measured in time travelled (݁ܿ݊ܽݐݏ݅ܦ =
σୀଵ ݀݅݁ܿ݊ܽݐݏ, / )ܬfrom the average proximity of the whole sample size (20 minutes). We used the

average of the whole sample given the results of a MANOVA test did not reveal any differences

between production systems (Table C.1). We determine that the higher the relative proximity the
more coherent the definition of the socio-spatial area:

ܵܲܮܣܫܶܣ = (20 െ ݁ܿ݊ܽݐݏ݅ܦ )/20

The final spatial connectivity ratio was normalized into a scale from 0 to 1 – the higher the
index the stronger the connectivity.
The final SSIi is the equally weighted average of both ratios:

ܵܵܫ = 0.5 ܮܣܫܥܱܵ כ + 0.5 ܮܣܫܶܣܲܵ כ
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2.3.3. Analytical methods
All survey items were first checked for outliers, skewness, and kurtosis. After inspecting and treating
missing data, our sample size had 313 observations. We tested the internal reliability of risk
perception, risk management strategies and risk attitude by using Cronbach Alpha. We tested the
sample adequacy for perceived risk scores and risk attitudes by using the Kaiser-Meyer-Olkin (KMO)
measures. Next, we performed exploratory and confirmatory factor analysis to reduce the number of
variables in the survey related to sources of risk perception, risk management strategies and risk
attitude to fewer but more meaningful latent variables. The factor extraction method used was
principal component analysis. We decided to include items based on the loading factors > 0.4 and
significant p<0.05 (Kline, 2011). Then, we performed a structural equation modelling (SEM) by using
these latent variables in our model to test the three hypotheses in Figure 2.1. The following paragraphs
described in more detail about factor analyses and SEM.
First, the perceived production risk scores were calculated by multiplying the scores of
perceived probabilities and the impact of different production risk sources. Using the perceived risk
scores, we performed an exploratory factor analysis for 16 risk perception sources to translate them
into meaningful factors of production risks. However, only 14 perceived risk sources were reduced
into five latent variables, the others were excluded due to loading factors <0.4.
Second, the adoption of 46 risk management strategies was measured on five-point Likert
scales. These strategies were grouped into 6 sub-categories by taking the mean overall scores in each
subcategory. On-farm risk management strategies include four sub-categories to avoid the impact of
a risk like disease or poor water quality on their farm, namely: (1) risk prevention, (2) investment to
reduce risk, (3) select less risky technology, and (4) diversification and flexibility. Risk-sharing
strategies consist of two sub-categories named: (1) prevention and mitigation production risk
strategies through cooperation with others (such as buying inputs together) and (2) prevention and
mitigation production risks strategies through financial agreements (such as credit from banks or input
suppliers to prevent or mitigate impacts from these risks). Based on these six sub-categories, we ran
confirmatory factor analysis based on the maximum likelihood extraction method using the SatorraBentler estimator to confirm these sub-categories of the two latent variables named on-farm risk
management and risk-sharing strategies.
Third, risk attitudes were measured by the four business statements method, which is used in
many risk perception studies (Meuwissen et al., 2001a; Bishu et al., 2018; Meraner and Finger, 2017).
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More details are provided in A2 (Appendix A). Exploratory factor analysis was then performed to
create one aggregated variable named risk attitude.
We applied structural equation modelling (SEM) to identify the different relationships among
endogenous and exogenous variables and simultaneously tested the three hypotheses in Figure 2.1.
All the essential assumptions required in SEM were checked before developing a SEM model. Those
latent variables achieving from exploratory and confirmatory factor analyses were used in our
structural model (Figure 2.2). The description of latent variables using in the SEM model were
presented in Table 2.4. Following Accord (2014) to assess the fit of the model, we selected
Comparative Fit Index (CFI) > 0.9, the Root Mean Square of Error of Approximation (RMSEA) <
0.06 and the Standardized Root Mean Square Residual (SRMR) < 0.05. More specific details
regarding to assumptions, missing data treatment, tests and model fit indexes are explained in A3
(Appendix A).
Table 2.4: Description of the variables representing SEM constructs
Construct and variables

Description of the variables

Perceived risk score of
Combines disease-water risk
(DW)

1st month disease outbreak
Fluctuation of water temperature
Low dissolved oxygen
Algae death

Disease risk
(DR)

2nd 3rd month disease outbreak
4th disease outbreak
Slow growth shrimp disease

Controlled water risk
(W1R)

Fast drop in water salinity in pond
Algae blossom
Excessive waste in pond

Input risk
(IR)

Low quality of shrimp post larvae

Uncontrolled water risk
(W2R)

Increase in water salinity in pond

Lack of PL reliable places to buy
Pollution in common water resources

Adoption of risk management strategies
On-farm risk management
strategies (OFRMS)

Risk prevention
Investment to reduce risk
Select less risky technology
Diversification and flexibility

Risk-sharing strategies
(SS)

Prevention and mitigation production risk by cooperation
with farmers
Prevention and mitigation production risk through financial
agreement

2
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To test if variables are significantly different among different production systems, we
performed MANOVA. We analysed the dataset by using STATA 14 (StataCorp, 2015).
2.4. Results
2.4.1. Dimensions of socio-spatial connectivity and socio-spatial index (SSI)
The results show several significant differences between the key components of the SSI (see more
details in Table C.1). However, the results also show that the SSI is not significantly different among
production systems. This first indicates that, contrary to earlier studies (see Bush et al. (2010)), the
degree of collaboration between farms is dependent on social relations and a spatial dimension
regardless of the kind of production system. Second, it also indicates that the SSI provides a generic
measure of the socio-spatial extent of shared risk management. As the SSI is determined by social
measures—the potential and degree of information exchanged among farmers—it can be measured
regardless of the difference in biophysical dimension of land, coastal and marine aquaculture
landscapes.
2.4.2. Risk perception and risk management
Perceived production risk and risk attitude
Exploratory factor analysis revealed five factors related to disease that shape the risk
perception of farmers. First, “combined disease and water risk” brings together perceived disease risk
within the first stocking month with water quality risk due to the changes in water temperature,
dissolved oxygen, and algae death in the pond. Second, “disease risk” represents the disease occurring
one month after stocking. Third, “controlled water risk” represents changes to water indicators, such
as salinity and algae blooms, that farmers can directly manage. Fourth, “input quality risks” combines
the risk of low quality and lack of reliable places to buy good quality post larvae. Finally,
“uncontrolled water risk” covers the perceived risk of water pollution from common water sources
and salinity increase, which are beyond the ability of farmers to manage.
All five factors had eigenvalues higher than 1 and the total variance accounted for 58.42%.
The scree plot testing presents the appropriated model with five factors. We also confirm the model
fit based on good model fit indices (see Table C.2). The factor loadings for risk attitude are all above
0.40 and the model fit indices indicate a good model fit (see Table C.3).
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Risk management strategies
The results of the factor analysis validate the four sub-categories used to define on-farm risk
management strategies and the two sub-categories used for risk-sharing strategies (see Table C.4).
Loading factors of each sub-category in the on-farm risk management and risk-sharing strategies are
above 0.4 except for the risk-transfer strategies. This means that the risk-transfer strategies, such as
yield insurance and finance, are unlikely to be adopted as shared risk management strategies amongst
farmers – an observation supported by the virtual absence of insurance and access to finance in the
shrimp sector (Nguyen and Jolly, 2019). Although the loading factor of risk-transfer strategies in the
risk-sharing strategies’ is only 0.28 (<0.4), we decided to keep this sub-category because the model
has good fit indices (see Table C.4).
2.4.3. Associations between the SSI and risk perception and risk management strategies
The SEM model explores the associations between the SSI, production risk perceptions and risk
management strategies. It also analyses the factors affecting the adoption of risk management
strategies namely: risk attitude, production system, species, age, education, experience, and group
types. The results are shown in Figure 2.2. The model has good fit indices, which means that our
SEM is an appropriate model to explain the relationship among SSI, risk perception and risk
management strategies (Table 2.5).
As expected, the results in Table 2.5 confirm a positive association between SSI and
perception of disease risk with a significant coefficient (0.21) (see H1). This means that a high SSI,
corresponding to high degree of socio-spatial connectivity among farmers sharing common water
resources, plays a role in shaping the perceived risk of disease.
The results in Table 2.5 also confirm a positive relation between the SSI and the adoption of
both on-farm (0.23) and shared risk management strategies (0.4) (H2). This indicates that the more
information that is exchanged among farmers sharing a source of water the greater the uptake of risk
management strategies in general.
We expected to find a positive association between risk perception and risk management
strategies (H3). However, the five perceived production risk factors were neither found to be
associated with the adoption of on-farm nor shared risk management strategies. Only the perceived
relationship between “combined disease and water risk” was found to have a positive and
signification relationship with the adoption of on-farm risk management (Table 2.5). Based on these
results hypothesis H3 is rejected.
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Finally, production system, species and membership of groups are all found to associate with
farmer’s risk behaviour (as observed by Joffre et al., 2018b; van Winsen et al., 2016; Ahsan, 2011).
We observe that farmers who have a high degree of socio-spatial connectivity (i.e., with a higher SSI)
appear less likely to be a member of a group. In addition, the degree of information shared among
this network directly influences a farmer’s adoption regardless the intensity of the production system.
This indicates that membership of groups plays a role in determining the adoption of risk-sharing
strategies among farmers and, reflecting, opens up opportunities for group-based contracts for risksharing.
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Figure 2.2: Results of the SEM model for the adoption of on-farm risk management strategies and
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2.5. Discussion
The results confirm that the SSI can be used to define the spatial extent of shared risk management
strategies for shrimp aquaculture. We find that the spatial extent of area-based management is, as
expected, directly related to the amount of information shared between farmers using a common water
source and is at least as important as the risk attitude of farmers or other characteristics of farms and
farmers for determining the adoption of risk management strategies. We also find that a higher SSI
associates with the higher awareness of disease-water risks and the higher adoption of risk
management strategies. Conversely, a lower SSI indicates that the less information shared, the weaker
the perceived risk, and the less likely shared risks strategies will be adopted. Finally, we find a weak
relationship between risk perception and the adoption of risk management. However, we also observe
that risk perception is more likely to have an indirect relationship on risk behaviour as measured by
the SSI. As argued by Bottema et al. (2019b) this is because socio-spatial communication and
collaboration may stimulate the adoption of shared risk management and in doing so override the
influence of individual perceptions of on-farm risk management strategies.
We argue that the SSI responds directly to calls for relational approaches to landscape or areabased management/governance (Bottema et al., 2019b; Arts et al., 2017) by providing a quantitative
predictor of the scale at which farmers will most likely invest in the shared management of production
risks. By defining the spatial extent of shared risk management based on social and spatial
connectivity the SSI provides a fundamentally different starting point to determining the scale at
which management is best enacted. For example, current measures and tools for spatial planning
related to aquaculture are based on conflict resolution, macro-economic and conservation planning
(Henriques et al., 2017), dispersion models of effluents and/or disease vectors (Murray and Gubbins,
2016), or biophysical modelling (Adams et al., 2016; Bannister et al., 2016). The SSI challenges these
approaches by incorporating a social measure of management boundaries based on where when and
how farmers coordinate their action based on shared meaning and perceptions of risk.
The results also show that regardless the different average distances between farms in the four
production systems (ranging from 1 to 20 minutes), there was no significant difference in the SSI
index amongst these systems (Table C.1). This indicates that the relational space between farmers,
based on information sharing, can be considered spatially ‘elastic’ – with the potential to expand and
retract over Euclidean distance between farms dependent on social connectivity. This means that
although our study is delimited to farmers sharing a common water source (following Bottema et al.
(2019b) and Murray and Gubbins (2016)), the SSI appears likely to remain useful over landscapes
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that extend beyond the catchment of shared water sources. It also means, however, that further
research is needed to determine just how elastic SSI-based delimitation of management areas are
given different degrees of social connectivity that we found in the case of Vietnamese shrimp
production (i.e., five surrounding farms). This research should also explore how variations in
methodology influence the sensitivity on the model results under different conditions of area
management that extend to both inland and marine (cage-culture) production systems (starting, for
instance, with the AMA systems reported on by Murray and Gubbins (2016)). Linked to this, further
research is also needed to assess the ability of the SSI to predict farmer collaboration for managing
shared risks across different landscaped and spatial scales.
Expanding the SSI to inland and marine production systems would require further research on
the different risk perception, attitudes, and strategies of farmers for species other than shrimp. The
different risk profiles of other species would lead to more or less information shared among farmers
which would affect the application and calculation of the SSI. Overall, however, comparison between
the type and volume of information communicated between farmers producing these different species
would enhance the comprehensiveness and generalizability of the SSI. Similarly, further qualitative
analysis based on different production systems would also empirically validate whether the social and
spatial connectivity can be assumed to have equal weight as we have done for the case of shrimp.
Once further developed, the SSI has the potential to refine existing area-management
approaches as well as open up new approaches for shared risk management within these areas.
Existing area management can be enhanced, for instance, by more effectively predicting the spatial
extent, or area, within which shared risk management may be most effectively implemented
(Meuwissen et al., 2013). New risk management approaches using the SSI are expected to face less
problems of asymmetric information as risk-sharing mechanisms such as insurance and group
contracts are better aligned to the social (and therefore informational) networks within a given area.
For instance, if a group of farmers has a high SSI, indicating a higher flow of information between
farmers and increased probability of shared risk management strategies, there may be a lower
probability for incorporating poor performers (adverse selection) and/or less change of riskier
behaviour after risk transfer arrangements have been put in place (moral hazard). As suggested by
Bush et al. (2019), this can in turn provide impetus for the development of new forms of assurance
amongst farmers, and between farmers and insurers, banks and international buyers.
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2.6. Conclusion
The SSI introduced in this chapter provides one of the first objective measures for determining the
spatial extent of shared risk management in a given farming area or landscape. More fundamentally
the SSI also provides insights into how shared and selected individual risk perception translate into
shared risk behaviour. In doing so the SSI enables an alternative socio-spatial measure for defining
the areal extent of shared risk behaviour that goes beyond the predominant focus in research and
practice on individual farm-level risk management strategies.
The SSI is as such applicable for predicting the spatial extent of existing production risksharing strategies, as well as designing area or landscape-based management. In any potential
application, the SSI stresses the importance of social networks among farmers in determining the
scale at which boundaries around spatial connectivity across landscapes can be defined. As such, the
SSI can be generalized beyond aquaculture to any attempt to develop spatially explicit forms of
primary production or natural resource use that requires the mitigation of shared risk. Before being
translated into practice, further development of the SSI is needed, either in the design of new areabased management approaches or the reform of existing approaches, by assessing its relevance and
accuracy across a range of different empirical contexts.
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Abstract
This chapter explores changes in the performance and embeddedness of information practices
performed by small-holder farmers in Vietnamese shrimp aquaculture in response to private
sustainability interventions. Using a social practice intervention framework, we analyse how existing
information practices embedded in the wider social lives of farmers are affected by the adoption of
both analogue and digital reporting methodologies prescribed by the Aquaculture Stewardship
Council and VerifiK8. Our results demonstrate how these reporting methodologies are not aligned to
the performance and embeddedness of existing information practices, and how this misalignment has
undermined their function and performance. The chapter concludes that a better understanding of
information practices offers important insights for redesigning these reporting interventions and, in
doing so, better support both the goals of farmers and the improvement of shrimp sustainability. These
observations hold implications for improving the impact of informational interventions for not only
shrimp production but small-holder production in a range of food sectors.
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3.1 Introduction
The aquaculture industry, like other food sectors, faces a range of sustainability challenges related to
the use of key inputs, such as feed and water, polluting effluent flows and impacts to land and
biodiversity (Naylor et al., 2021; Gephart et al., 2021). Addressing these sustainability challenges is
essential for closing the large performance gaps in terms of improved resource-use
efficiency, profitability, and overall environmental performance to meet global demand for
sustainable aquatic foods (Henriksson et al., 2021).
Reliable information is fundamental to assessing and improving the conduct of farming
practices that affect environmental impact (Bottema et al., 2021a) and food safety (Lewis and Boyle,
2017). However, underreporting, insufficient quality, and incompleteness in data are persistent issues
in the aquaculture industry, especially in the small-scale sector in developing countries (Short et al.,
2021). In Southeast Asia the lack of information on the conduct of aquaculture production results
from weak public monitoring and control, and opaque relationships between producers and their
buyers (Nguyen and Jolly, 2019). Without more accurate information the impact of public regulation,
private sustainability standards, finance and insurance aimed at improving the overall sustainability
of this and other sectors will remain limited.
Recognizing these challenges, a range of voluntary sustainability assurance initiatives
targeting aquaculture producers are being implemented across a range of countries in Southeast Asia
and beyond (Kruk et al., 2021; Bottema et al., 2021a). By improving the transparency of producer
conduct and performance, these initiatives aim to improve farming practices for complying with
national and export market standards. However, while methods and technologies for facilitating
information collection are developed, these programmes continue to place the responsibility of
disclosing farm level information under the premise of ‘self-reporting’ (Kruk et al., 2021; Bush et al.,
2013). In doing so they make assumptions about the information practices of producers to gather,
process and use this information (Doddema et al., 2018). Yet despite the perceived precision and
accuracy of the information from these monitoring programs there is limited understanding of how
the demands they place on producers either align or misalign with the practices of those producers in
their real-life settings. If misalignments between practices cannot be reconfigured there is a risk that
sustainability improvements are seen on paper but not in reality.
In this chapter we apply a social practices intervention framework developed by Doddema et
al. (2018) to examine the extent to which the information practices of small-holder shrimp farmers in
Vietnam (representing 80% of national shrimp production volume, see (Oxfarm, 2018) are aligned to
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self-reporting requirements of the Aquaculture Council Stewardship’s (ASC) group certification
standard and the VerifiK8 digital assurance tool developed by Fairagora. Both ASC group
certification and VerifiK8 were introduced in the Mekong Delta of Vietnam, with the aim of
improving data transparency and help overcome compliance barriers to small-holder incorporation in
global value chains selling to markets exhibiting demand for sustainability certification (see
Aquaculture Stewardship Council (2019), VerifiK8 (2018), World Wildlife Fund (2018)).
Using the social practices intervention framework, we explore the role of shared and
routinized “ways of doing” that constitute human behaviour and how it changes (Shove et al., 2012;
Schatzki, 2002; Spaargaren et al., 2016). This includes analysing how aquaculture practices,
embedded in the wider social lives of farmers, are affected by the adoption of the analogue and digital
data collection methods prescribed by the ASC and VerifiK8 respectively. We do this by (1)
examining how existing information practices of farmers are embedded within a range of everyday
routines that influence how information is collected and ‘informally’ shared; and (2) exploring the
extent to which externally prescribed methods of self-reporting are aligned or misaligned to these
practices and with what consequence for the quality of information collected.
The following two sections present the social practices intervention framework for
understanding the alignment of prescribed and existing information practices and our empirical
methodology. We then outline the goals and assumptions of the ASC and VerifiK8 related to the
information practices of farmers before presenting our empirical findings of how farmers engage with
these programmes. Finally, we discuss the consequences of our findings for the ambitions and design
of private monitoring programs aimed at enhancing the sustainability of food production into the
future.
3.2 Information practices as social practices
Social practices are shared, routinized, ways of doing and saying that are enacted by knowledgeable
and capable actors while interacting in a given socio-material setting (Spaargaren et al., 2016; Shove
et al., 2012). Social practices have been used to examine the ways in which people perform in a range
of shared consumption and production activities (Spaargaren, 2011; Mengistie et al., 2017; Brons and
Oosterveer, 2017), as well as how they change daily routines when engaging with new technologies
(e.g., Smale et al., 2019), and/or responding to incoming information, norms and/or rules (Doddema
et al., 2018; Doddema et al., 2020)
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We use a social practices framework to identify and examine what we label information
practices; that is, shared and routinised ways of collecting, collating and communicating information
through a set of socially learnt skills and a set of communicative tools and technologies in each
material setting (Spurling et al., 2013). Specifically, we investigate the information practices of smallscale shrimp farmers and how these practices either accommodate, reject or are reconfigured in
response to demands for self-reported information on conduct and performance of shrimp farming
for the purposes of compliance to externally set certification standards (Spaargaren et al., 2013;
Doddema et al., 2018). One of the ways these demands are translated into practice is through new
methods collecting, collating and self-reporting information (in analogue or digital form) under the
assumption that existing information practices do not provide the accuracy, precision or coverage
needed for assessing conduct and performance (Samerwong et al., 2018; Ngoc et al., 2021b) and/or
do not conform to the formats required for independent assessment (Davis and Boyd, 2021;
Kusumawati et al., 2013).
As information demands for certification have continued to expand, both in terms of precision
and coverage, so too have new methods of reporting. As outlined by Bottema et al. (2021a), a range
of new NGO and certification-led reporting methodologies have emerged aimed at reducing the
burden of reporting on small-scale farmers through digital technologies (see Kruk et al. (2021)) and/or
collective analogue forms reporting through new ‘group certification’ methodologies. These new
methodologies prescribe the information deemed relevant for external assessment, as well as the
information formats, timing, precision and coverage of data (e.g. Schader et al., 2014). They also
prescribe how this data should be observed, recorded, collated, calculated and communicated (Naylor,
2017; Campbell et al., 2012). Evaluations of these and other reporting methodologies attribute poor
data to poor reporting by farmers and orient solutions to further training and/or the further refinement
of existing reporting methodologies (e.g. Davis and Boyd, 2021). No evaluations in the aquaculture
sector (to our knowledge) draw attention to the degree to which prescribed information practices align
or reshape the existing information practices of farmers embedded in their daily lives.
We analyse the degree to which prescribed information practices lead to a de-routinisation of
existing practices and the re-routinization of information practices that are aligned to external
assessment and assurance goals for sustainable shrimp production. Following Doddema et al. (2018),
the introduction of new reporting or data collection methodologies is followed by a phase in which
practitioners de-routinize their existing practices as they are forced to how to best appropriate the
intervention into established practices. As they start to experiment with new rules, formats, goals and
technologies, they start to re-routinize new or adapted practices. Whether and how practices are de
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and re-routinized depend on the impact the information demands have on both the performance of
information practices by farmers and the embeddedness of the targeted practices in a wider bundle of
farming and non-farming practices.
To assess the performance of information practices we use five practice elements introduced
by Schatzki (2002) and Shove (2012). These are (1) the materials that enable the performance of
information practices (e.g., bodies, resources and technologies), (2) the meanings or general
understandings (including rationales, ideas and aspirations) on what the practice is about, (3) the
competences (skills, know-how, techniques) needed to perform the practices, (4) the written or
unwritten rules and norms that structure the practice by specifying what to do, and (5) the goals that
give direction to practitioners on how the practice should be carried out. For example, to assess
whether a new water quality assessment methodology will be adopted by farmers, attention should
be given to the skills of farmers, as well as how assessments of water quality enable guidance on how
to change norms and technologies affecting water flows on and between farms.
Second, we assess the embeddedness of information practices in a wider bundle of other
supporting or contravening everyday social practices related (or not) to farming (Nicolini, 2010;
Schatzki, 2002). For example, the degree to which new information demands on where and how
individual ponds are stocked is enabled or not by collective buying and stocking practices that both
enable networks of farmers to assess post larvae quality and/or maintain credit relationships in supply
chains (as indicated by (Bush and Oosterveer, 2007)). Here we examine the effect of new information
demands by assessing how links between practices in these bundles are broken, reinforced or created
(Schatzki, 2012). Again, following Doddema et al., (2018), we assume that immediate compliance to
information demands, such as logging information on a mobile phone app, demonstrates close
alignment to multiple digital, farming and community practices. Alternatively, we assume that the
partial compliance or non-compliance to digital information demands (including the moral hazard of
filing intentionally misleading information) reflects a misalignment to a subset (or all) of those
practices.
3.3 Methodology
Our analysis is divided into three steps. First, we examine the assumptions made by both ASC and
VerifiK8 to justify the information demands and reporting methodologies they introduced to farmers.
These assumptions were identified through documents on their websites and a series of iterative
interviews with key informants from both organisations and WWF-Vietnam, who directly support
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farmers for technical issues over the course of the entire field work period. Second, empirical analysis
of the integration of these information demands with farmer practices was examined through a series
of field visits to four communes engaged with ASC and VerifiK8 between June and August 2019.
Fifteen interviews were held with participating farmers over multiple visits combined with participant
observations going about their daily business in various farming practices such as stocking, feeding
and harvesting. Third, information from these interviews was triangulated through document analysis
(websites, brochures, certification standards and reports) and interviews with other key actors
including the processing company sourcing from these farmers, two hatcheries supplying seed, two
feed and veterinary local distributors, three NGOs supporting the farmers’ attempts to become
certified and the secretary of a farming cooperative (see Table D.1 in Appendix D for full list of
respondents).
Following Nicolini (2010) these three steps allowed us to continuously zoom-in on the
performances of information practices and zoom-out on their embeddedness in wider configurations
of everyday practices that affect information exchange. To enable both interviews and participant
observations, a topic list of questions was structured using open-ended, flexible and evolutionary
questions (ibid.; see Table D.2 in Appendix D for the full list of questions). In addition, farmers were
asked to draw out their social networks and explain the flows of information they both shared and
received. All interviews were conducted with prior informed consent of the interviewers and coded
following the structured question lists in Table D.2 (Appendix D) in ATLAS.ti 9.
3.4 New reporting methodologies
The goal of voluntary sustainability assurance initiatives is to assess and transparently communicate
the performance of producers against a set of a priori standards (Hatanaka et al., 2005). The most
common example of these initiatives, certification standards, have continued to come under scrutiny
for their limited capacity to include small-holders because of the cost and the burden of reporting and
compliance (Bush et al., 2013; Naylor et al., 2021). Attempts to overcome the information and
auditing burden of these initiatives have led to several new self-reporting methodologies (Kruk et al.,
2021; Bottema et al., 2021b), of which two are examined here. First, cooperative forms of reporting
and auditing, such as ASC group certification, and second, efficiency oriented digital reporting and
auditing technologies like VerifiK8. The design of each of these reporting methodologies prescribes
information practices based on desired content and data formats (see Figure 3.1).
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The ASC established their Group Certification program in 2019 (Aquaculture Stewardship
Council, 2019) with the aim of bringing “efficiency to the certification of organised groups of small
producers [which define the unit of certification] against ASC standards for responsible aquaculture”
by providing an “overarching framework for a central, shared management system to coordinate the
group’s certification process to apply for, obtain and maintain certification” (p. 7). Membership to
these groups is based on the technical and organizational capabilities of farmers to contribute data on
their performance and improve production practices to comply with the ASC’s farm-based standards
(Bottema et al., 2021a). Farmers joining the group sign a written agreement to conform with the
standards. The group, coordinated by the group management body and group secretary, then signs an
agreement on compliance and reporting with the ASC and the conformity assessment body (or
auditor) assessing the performance of the farmers based on the information organised and disclosed
by the group (Aquaculture Stewardship Council, 2019). The group then has the authority to organise
the internal management system used to collect and collate compliance information.

Figure 3.1: Expectations about the externally prescribed methods of self-reporting-ASC farm
logbook and VerifiK8
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The internal management system (Aquaculture Stewardship Council, 2019) requires the
collection of farm, group and traceability data. Farm level data is prescribed by the criteria set out in
the ASC shrimp standard1 and is assessed by an internally appointed inspector responsible for
assessing compliance of members against the ASC standard (Aquaculture Stewardship Council,
2019). In Vietnam, these criteria require farmers to report data on environmental parameters, feed,
disease, effluent and aeration management at daily or weekly time intervals in logbooks introduced
to farmers by the Vietnamese government (Aquaculture Stewardship Council, 2018b). Much of this
reporting is highly prescriptive in terms of both content and timing. For instance, environmental
parameters such as pH, dissolved oxygen and temperature need to be recoded between 7:00 and 9:00
and again between 13:00 and 15:00. Other data points related to feed and pharmaceutical use also
need to be recorded every time they are added to ponds.
VerifiK8 is a digital platform designed by the company Fairagora Asia to provide a monitoring
and verification solution for social and environmental performance in agribusiness supply chains. The
goal of VerifiK82 is to enable farm-level data collection using a range of generic indicators aligning
with the requirement of industry and commodity relevant standards and convention, including ASC.
By enabling digital data collection through mobile and web applications VerifiK8 aims to deliver
real-time analytics that enable farmers to gain greater insights on improving their performance on
environmental and social responsibility and facilitate to achieve relevant sustainability certifications3.
The platform assumes digitalisation increases the efficiency of standards such as ASC by reducing
the reporting burden and facilitating lower cost, remote auditing, as well as providing key
performance indicators upon which farmers can improve their production.
VerifiK8 was piloted in one Vietnamese aquaculture farming commune through a partnership
between WWF Denmark, WWF Vietnam and the ASC with the goal of facilitating ASC certification.
VerifiK8 enables data to be collected and presented on the original sources and the use of key feed,
seed, pharmaceutical inputs, the location and the status of registered ponds, and environmental
indicators in line with ASC. The platform then enables cooperatives, members and farmers to create
and present number and location of ponds stocked, the source of their seed, feed PL and the stocking
density per pond. By sharing this information it is assumed that VerifiK8 enhances the accessibility,
traceability and transparency of shrimp production for buyers (VerifiK8, 2018). These buyers can
then assess the capacity of the cooperative, the shrimp farming culture and the expected harvesting
volumes based on the profiles presented on the VerifiK8 platform. Farmers are assumed to benefit
from using the app because of the convenience it offers for recording data, as well as displaying
information relevant for auditing purposes. Its application in Vietnam assumed high level of mobile
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phone use in the target communes, meaning that farmers would have the necessary skills for entering
data and receiving information related to farm management and that the VerifiK8 platform would
enable farmers to report data required by the ASC group certification.
In the following we analyse how the logbook and VerifiK8 mobile application, as new
reporting methodologies, align or not with the existing information practices of the shrimp farmers.
For each reporting methodology we examine how these methodologies are performed and embedded
in the wider set of information and farming practices.
3.5 Misalignments of information practices
3.5.1

ASC farm logbook

The farm logbooks prescribed by the ASC certification group management body were filled in by all
the farmers interviewed. However, they completed these logbooks in vastly different ways, which
reflects varying degrees of alignment with the existing information practices of farmers. In some
instances, we observed farmers directly filling in logbooks daily as prescribed by the group
management body. As one participating farmer illustrated, “writing in the farmer logbook does not
take a lot of time, it just takes two minutes every day and may take about five minutes if I need to fill
out missing information from the previous days” (Interview # 2). But in most cases farmers do not
fill in logbooks daily – they instead rely on recall (of up to two weeks) to complete the logbooks in
preparation for group meetings – with support from the group leader. These responses to the
introduction of the logbooks can be explained in terms of both de and re routinisation of existing
information practices, with implications on the quality of data required for both ASC group
certification and farmers alike (see Figure 3.2).
First, the logbooks introduce a written form of reporting that does not replicate nor replace
verbal information sharing and evaluation between farmers. The logbook requires farmers to collect
and summarise their daily observations of the pond, as well as receipts of purchases to enable
traceability. This information, recorded per pond, aligns with the requirements of the ASC. It also
largely corresponds with the information that farmers consider important for making decisions on
feed and health of their shrimp. As one farmer stated, “inspecting the recorded information in the
farm logbook is useful for managing feed management, estimating feed costs and calculating shrimp
biomass when harvesting” (Interview #6). However, the farmers also noted that “in spite of carefully
recording information on the farm logbook, it is really hard to make an assessment based on the value
of the number on paper” (Interview #5). The difficulty in assessment is related to the assumption that
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farmers interpret and make decisions individually. On the contrary, farmers indicated that decisions
are always discussed with their network. As another farmer explained: “I usually discuss with other
farmers and input suppliers about unusual phenomena occurring in the stocked pond. For instance, a
change in water colour from light yellow to green, strange behaviour of the shrimp [such as eating
less] and strange movement of the shrimp, which all show some severe problems in pond condition
or in shrimp health.” (Interview #4).
Such joint decision making, reflected elsewhere as characteristic of kinship, neighbour, and
mutual aid networks in Vietnamese farming communities (e.g. Hoang et al., 2006; Le et al., 2020),
enables both exchange of information and the normalisation of farming practices within communities.
By following farmers as they went about their daily business, we observed them meeting in small
groups either at each other’s farms or at the cooperative office, discussing a variety of topics related
to quality and survival of post larvae after stocking, the selection of ‘good quality’ of feed and water
quality and disease. Farmers reported in interviews that these meetings are a convenient and fast
means of making decisions, especially as they build consensus, and therefore trust, on farming
decisions. Farmers commonly reported that they discuss the quality of stocked shrimp with
neighbouring farmers and only make decisions on managing oxygen levels, pH with each other’s
input. As one farmer explained, “the success of the crop is dependent on the quality of the post-larvae
and the stocking methods during the time of stocking. So, if something may seem strange, it is fast
and convenient to ask for advice and solutions [from neighbours helping during stocking] as we
usually have a tea-break when waiting and [time for] discussing after we finish stocking” (Interview
#2).
This does not mean that the logbooks are of no value to farmers. Farmers reported that the
recorded information enables them to organise “documents in a visual way” (Interview #8). But they
report only needing these documents for handing to an “external auditor or a processing company for
farming performance assessment in order to maintain the certification status of the ASC shrimp
cooperative” (Interview #8). Most of ASC farmers recognize the potential market benefits of
compliance, which motivates them to maintain the logbooks, but they clearly differentiated between
the information delivered for the purpose of compliance with the more meaningful information
sourced from fellow farmers that allows them to assess and decide on farming decisions.
Second, the use of logbooks is affected by the timing and convenience of when and where
information is collected and recorded. Observations and measurements made by farmers are not made
on any clear timeframe. A range of observations relating to shrimp mortality and vitality, water
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quality, algae growth and shrimp’s eating performance are made at different time intervals and with
and without the use of pen and paper. Some farmers reported that there were also practical limitations
to carrying a logbook around with them “with the risk of losing or dirtying the document” - as one
respondent claimed (Interview #11). While there is no explicit requirement by ASC or the group
management that farmers would carry logbooks with them, these observations by farmers reflect their
wider frustration that logging data does not match their daily routines and are as such deemed
‘inconvenient’. As another farmer explained, “During the day, I go to check the stocking pond many
times for many reasons, such as feeding shrimp, operating the aerations, checking the feeding tray,
measuring water indicators, or just to take a walk around the pond. It is difficult and inconvenient to
carry the farm logbook to the farm in order to record information while still doing shrimp farming
tasks” (Interview #9).
It is this perceived inconvenience that means that some farmers fill the logbooks in based on
recall (at varying time-intervals) when at home, and once written the data is not used again. As one
farmer argued, “every day I go to the pond to check, if there is nothing strange to see in the pond it
means that the environmental conditions in the pond are stable and good enough for the shrimp’s
health. If it is stable, why we need spend time to record every day” (Interview #3). Reflecting the
findings of Doddema et al. (2018) on the use of logbooks in other contexts, self-reporting is deemed
by farmers as performative in that it is “stored away and forgotten” (p. 54) rather than providing any
useful function beyond being submitted to the group management body and internal inspector.
Finally, the reticence of farmers to use the logbook emphasises an emergent role of
intermediaries in recording information for them. The perceived inconvenience and misalignment of
the logbook with pre-existing information practices are offset by some farmers by enrolling the group
leader to complete the logbooks for them. This role of the leader, who is also one of the younger
farmers within the group, replicates existing relationships and practices of respect, deference, trust
and reciprocity. It also replicates state data collection within Vietnamese communes – with commune
officials commonly representing farmers in the collection of information from farmers. By engaging
with the group’s leader some farmers noted that they learn how to fill out the farm logbook, as well
as assist others to fulfil the information in the farm’s logbook. As expressed by one farmer: “Under
the agreement between cooperative and feed company, I cooperate with some cooperative farmers to
make a collective purchase of shrimp [post-larvae] to receive the free delivery service to our places.
After receiving the [post-larvae], the leader of our group will divide the [post-larvae] volume, separate
the bills and explain to us about the financial numbers to write in the farm logbook.” (Interview #7)
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To some extent it appears that the group’s leader, by acting as an intermediary, is stimulating
farmers to use cooperation and face-to-face communication practices to entrain new recording
practices. However, it remains unclear whether this intermediary role of the leader enables farmers
to maintain previous information practices or whether their role creates new routinised ways of both
sharing and recording practices that are routinized in daily farming activities. It is also unclear what
enabling farmers to (partially) avoid self-reporting has on the accuracy and usefulness of information
for ASC certification and farming.
3.5.2 VerifiK8 digital app
The VerifiK8 application, in contrast to the logbook, was not adopted by farmers after the pilot phase
as a method of real-time self-reporting. Despite the goal of VerifiK8 to enable greater convenience
and efficiency in reporting and auditing, the farmers did not incorporate the application into their
existing information practices, nor did they see value in using VerifiK8 to resolve the timing,
convenience and recall issues with logbooks outlined above. We identify three reasons why the selfreporting using VerifiK8 was not taken up by individual farmers, but instead as a collective form of
reporting organised by the group management body (see Figure 3.2).
First, while farmers demonstrate the skills to engage with digital technology, they do not
translate these skills to VerifiK8. Younger farmers (under the age of 45) use Zalo4, a social chat
application in Vietnam, that was introduced by the cooperative’s head to communicate with
cooperative members before the introduction of VerifiK8” – as one farmer said (Interview #13).
These farmers join chat groups where they receive and contribute information related to shrimp
farming technologies, market prices and they even connect to and directly market their shrimp to
consumers. Zalo enabled the farmers interviewed, many of whom had not previously used mobile
apps, to understand and assess the value of digital information technologies. However, the social
function of Zalo contrasts markedly with VerifiK8. On the one hand, farmers recognise the value of
VerifiK8 in providing them with detailed information on individual farm performance. As one
respondent explained: “I use my own account and the password to login into the app on my phone or
the website to see the information on my farm profiles. The international buyers can also see our
cooperative’s profiles and individual farmers’ profiles from whom they will buy shrimps” (Interview
#17).
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On the other hand, farmers also noted that the utility of this information is less than what they
receive via Zalo; specifically, because the information on Zalo is delivered through peer-to-peer
communication. This sentiment was captured by one farmer who reported that:
“Although most of the cooperative members are informed that the information about their
farm and the current stocking ponds are signed up on the system of VerifiK8, farmers can only
see their own information which was provided by themselves. Exchanging information or
updating information on the VerifiK8 platform among the cooperative is conducted by verbal
communication or Zalo chat” (Interviewed #18).
It is precisely this function provided by Zalo that farmers valued, as it mirrored face-to-face
communication (as outlined above) and enabled assurance of operational farming decisions based on
exchange and opinion from other farmers.
Second, the assumed mobility and flexibility of VerifiK8 proved incongruent with established
smartphone practices. VerifiK8 is built on the assumption that it offers a means of real-time data
entry, with farmers completing their farm profiles and updating operational data over the grow out
period. It is also assumed that VerifiK8 farmers would carry their smartphones throughout the day
and record required feeding and environmental data. However, in practice, farmers, recognising the
value and vulnerability of their smart phones, carry cheap phones with them while working to enable
quick verbal communication. Moreover, there are key technical constraints to use smartphones given
that the 3G network remains unstable in rural areas of the Mekong Delta, meaning internet use is
limited to the farmer’s house. The instability is also affected by the fact that farmers buy the cheapest
plan with limitation of 3G data usage for a month. Smart phones for this reason are associated with
home use and leisure time, with farmers using their phones at home in the evening hours to engage
with their social media like Zalo groups and Facebook (Lebel et al., 2021). For these reasons VerifiK8
data entry is delayed – in some cases by a day, but more commonly over 2 weeks of recall bringing
with it issues of accuracy.
Third, the incentives for collecting real-time data are not clear to farmers. The farmer profiles
are designed to both increase transparency for buyers and auditors, but also provide information back
to farmers to improve their farming practices. However, farmers did not receive any valuable
feedback from the VerifiK8 app, contrary to expectations, at the time of the interviews. Reflecting
this, one farmer explained:
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Figure 3.2: Using the social practice intervention framework to explore alignments and
misalignments in the performance and the embeddedness of information practices performed by
small-holder farmers in in response to private reporting intervention
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“I spend time practicing how to fill in the information on the app just for my curiosity because
... [I don’t] receive value from the feedback [given on] improving my farming practices with
these recorded real-time data (sic.)” (Interview # 15).
Similarly, another respondent reported his disappointment in not receiving real time
information while this may well be relevant for day-to-day management:
“With VerifiK8 I expect to receive early notices as an incentive for ... collecting real time data
in terms of, for instance, alerts of the fluctuation of environmental parameters and the
emerging signs of shrimp health in my pond. But there is no feedback or communication from
the app about being right or wrong in my recording practices.” (Interview # 16).
These limitations of the VerifiK8 became apparent to the cooperative management board and
WWF during its piloting phase as data entry remained limited and the quality of information entered
appeared to not reflect farming practices. In response, and to meet the expectations of WWF and
VerifiK8, the cooperative management board revised the application to better align with analogue
data collection practices. In doing so, VerifiK8, face-to-face communication, the Zalo chat group and
the farm logbook were brought together. Instead of filling out the farmer profiles and operational data
in VerifiK8, the farmers hired the secretary and leader of each farmer’s group to transfer the data
collected in the logbooks to the app. From the perspective of farmers this solution neither disrupted
nor supported the existing information practices of farmers but did satisfy the goals of WWF and
VerifiK8. Most of the farmers reported similar feelings about this new approach, with one explaining:
“[VerifiK8] was complicated when I did it by myself. But it is more relaxed and comfortable
when the secretary and the leader’s group take this responsibility. When they need my farm
information and update new data on VerifiK8, they just call me or meet me in person in my
house. We usually exchange information in verbal communication like before the introduction
of VerifiK8” (Interview #15).
While recognising that the goal of self-reporting was being undermined, the cooperative management
board sought to resolve the weak uptake of the application by hiring an intermediary. However, in
doing so the goal of self-reporting – in terms of increased accuracy, lower cost, and convenience –
has at the same time been bypassed.
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3.6 Discussion
Our results demonstrate three ways in which self-reporting methodologies and technologies have not
aligned themselves to the performance and embeddedness of existing information practices, and how
this misalignment has undermined their function and performance. Understanding the performance
and the embeddedness of the existing practices within the established farming routinization, we argue,
offers important insights for private actors to redesign these interventions to avoid misalignments
between those information practices which lead to the provision of inaccurate information (Bush et
al., 2019; Meuwissen et al., 2019). It also offers insights into how reporting interventions can be more
supportive to both the goals of farmers and sustainable shrimp production (see Figure 3.3).
First, our results show that self-reporting interventions are unlikely to meet their goals if they
remain misaligned to the spaces and rhythms in which existing information practices are performed.
The introduction of the logbook and VerifiK8 application was based on assumptions about the degree
to which daily routines, including the location and timing of data collection and processing, as well
as decision making, are affected by new methodologies and technologies (Smale et al., 2019;
Mengistie et al., 2017). However, reflecting the findings of Doddema et al. (2018) reporting on data
collection in small-scale fisheries, both interventions were applied in ways that delayed when farmers
(1) made time for data entry (usually impinging on leisure time at home), (2) responded to key
material constraints related to the mobility of books and mobile phones, and (3) exchanged and
processed information with their fellow cooperative members. Because of this misalignment in the
spaces and rhythm of data collection and processing the farmers supplemented existing information
practices rather than integrating the information methodologies into these existing practices.
Second, our results show that the individualisation of prescribed information practices,
through self-reporting, does not align with existing collective information practices. Both the
logbooks and VerifiK8 were designed primarily for compliance reporting. However, as with other
interventions, they also assume a high degree of individual utility from entering and processing data,
in terms of enabling an improved understanding of farming systems, and relatedly, improved decision
making (Kruk et al., 2021; Astill et al., 2019). Our results show that farmers minimally incorporate
individualised practices into their existing collective information practices. This does not mean that
the logbooks and VerifiK8 fail to offer methodologies relevant for improved information processing.
It instead indicates that they are unable to compensate for shared meanings to be formed around
farming-related observation (see also Huttunen, 2019; Lien et al., 2021) or the lack of competences
for individual information processing (reflecting on Doddema et al. (2018)). The outcome is that both

3

64 | Chapter 3
individual and shared practices persist largely in parallel, with the consequence that individual
information practices serve the needs of external assurance, while shared practices are used to address
the everyday challenges of shrimp farming.
Third, our results indicate that the misalignment between prescribed and existing information
practices has led to the emergence of new practices of intermediation. In both the application the
logbooks and VerifiK8 intermediaries were enrolled to compensate for lack of alignment with the
established routines of individual farmers. These intermediaries were able to take over specific roles
for farmers because they were able to, in part, align existing farmer routines (e.g. shared information
processing and engaging farmers in moments of leisure) with wider meanings of trust and reciprocity
in sharing and interpreting information (Bottema et al., 2019b). This role was equally important to
the analogue logbooks and digital VerifiK8 – in both instances, these intermediaries managed to blend
established ‘face-to-face’ information practices with new digital social practices. Building Doddema
et al. (2018) and Djelantik and Bush (2020), this suggests the importance of these intermediaries in
‘assembling’ the practice elements for performing interventions in established social settings.
Reflecting the constantly evolving nature of practices (Shove, 2012), we cannot consider the
two information interventions examined here as outright failures. In both cases farmers, in some way,
incorporated them into their daily routines. This demonstrates why, using a practice approach, simple
explanations of compliance to information demands cannot be understood in binary terms of adoption
or non-adoption (building on Doddema et al. (2020), Doddema et al. (2018), Smale et al. (2017)).
By understanding performance and the embeddedness of the information practices, we observe that
farmers play an active role in both avoiding and actively aligning the demands of new self-reporting
methodologies with their well-established routines. As a result, the introduction of these selfreporting methodologies partially affects existing information practices, which in turn leads to the
emergence of new ways of sharing information.
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Figure 3.3: A better understanding of information practices offers important insights for redesigning
reporting intervention and better support both the goals of small-holders farmers and the improvement
of shrimp sustainability
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These observations hold implications for the wider goals and ambitions of information
interventions designed to enable sustainable food production. Standards and traceability interventions
are investing in new ways of developing information-systems that both meet the assurance
requirements of (often export) markets, while enabling producers to improve the environmental and
social performance of their production (Astill et al., 2019; Bottema et al., 2021b; Kruk et al., 2021).
For both ambitions to be met, information interventions need to better align to well-established
routines of information collection, processing and sharing that are not only practices on farms but
extend to the wider social context in which farmers operate. If, as expected, digital approaches for
engaging small-holder farmers will expand (Kruk et al., 2021), their success appears dependent on
the extent to which they can incorporate the meanings, competences and goals associated with faceto-face information sharing. It is also increasingly apparent that the adoption of information
recording, processing and sharing information, for both farming and assurance purposes needs
intermediation. Understood in practice terms, intermediation is not only a means of more efficiently
extracting information, but a process of aligning both the performance and embeddedness of
information practices to the design of information demands.
3.7 Conclusion
The chapter demonstrates the value of a social practice approach for understanding how the selfreporting methodologies and technologies demanded by private sustainability programs are
misaligned with the performance and embeddedness of existing information practices of small-holder
shrimp farmers in Vietnam in their everyday setting. By acknowledging the active roles of farmers in
aligning the information demands to their well-established and shared routines, a social practice
approach can more precisely identify misalignments between existing and prescribed ways of
collecting and processing information. Recognising these misalignments indicate the need to move
beyond ‘training producers to meet information requirements, to instead fundamentally redesign their
methodologies to better align with existing information practices and, in doing so, better pre-empt the
emergence of practices that deliver misleading information. As such, our study has opened an
ambitious approach for designing the information interventions improving the sustainability
assurance in aquaculture beyond the farm to meet the demand of sustainable aquatic food production.
Our analysis also shows opportunity for incorporating individualised practices into the
existing collective information practices to address the daily challenges of shrimp farming. Future
studies could focus on analysing the value of synchronizing collective practices in accelerating
farmers to collaboratively manage the shared aquaculture risks such as disease and water pollution.
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Furthermore, attention could be given to the feasibility of different models of sustainability assurance
beyond the farm given various levels of synchronization of farming practices in order to reduce
impact of yield risks on the area’s shrimp production. Finally, the proliferation of remote sensing and
near field sensing technologies in agriculture and aquaculture management illustrates the better
opportunities in getting insights into how the information practices are aligned or not to existing
farming practices. Together these lines of research will further enlighten us on how the effectiveness
of information systems for sustainability is not only dependent on the volume or type of data
collected, but also on the ways farming practices are aligned to prescribed information practices.

Endnotes
1. Group level information requirements include data on group members, and internal audit and
inspection reports. In addition there are requirements about traceability, such as the timing, number
and volumes of traded batches, and the means of transportation – which again involves prescribed
reporting practices (Aquaculture Stewardship Council, 2019).
2. See details on the ambitions of the VerifK8 platform at https://www.VerifiK8.com/.
3. VerifiK8 and ASC established a strong partnership to collect data and improve monitoring in
the social and environmental domains of aquaculture (Fairagona, 2019). In Vietnam, VerifiK8 was
carried out as an AIP (Aquaculture Improvement Project) of ASC to apply digital technology to
monitor environmental impacts through a web or mobile application. This project was also trialled in
the same communes for VietGAP - a national standard to empower small-holder shrimp aquaculture
farmers in the Vietnamese Mekong Delta (Aquaculture Stewardship Council, 2018a).
4. Zalo is a chat application and is one of the leading social media platforms in Vietnam. This
app was launched in 2012 by VNG Corporation, one of the most successful tech start-ups in Vietnam
specializing in digital content and online entertainment, social networking, and e-commerce. Details
can be found in the Zalo app report (Prodima, 2021).
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Can cooperation reduce yield risks associated
with infectious diseases in shrimp aquaculture
in Vietnam?
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Abstract
Infectious disease agents are a major problem for Asian shrimp aquaculture, as they proliferate at
system level rather than only at the individual level. This chapter assesses the impact of various forms
of cooperation among Vietnamese farmers on yield risks caused by two infectious shrimp diseases:
white spot disease (WSD) and acute hepatopancreatic necrosis disease (AHPND). By using a
stochastic simulation model, we simulate shrimp farming yield risks based on input from two expert
elicitation workshops. The results provide a relative comparison of expected yield losses caused by
both diseases comparing a baseline scenario in which farmers do not cooperate and three cooperation
scenarios with varying degrees of synchronisation and information sharing across farms. The model
mimics yield losses for a hypothetical area of 1,000 shrimp farms in the Mekong Delta. The results
show lower expected yield losses in all three cooperation scenarios in comparison with the farmbased scenario. More fundamentally, the results provide insights into the value of synchronisation
and information sharing practices to mitigate yield losses. Although these scenarios are theoretical in
shrimp aquaculture, this chapter discusses their potential to reduce systemic risks in aquaculture
thereby potentially incentivising the reintroduction of risk-sharing mechanisms, such as insurance.
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4.1. Introduction
Infectious diseases remain a major problem for shrimp aquaculture, particularly in Asia, where
approximately 60% of losses are caused by viral pathogens and 20% by bacterial pathogens (FAO,
2020b). White spot disease (WSD) and acute hepatopancreatic necrosis disease (AHPND) continue
to be the most serious diseases (Thitamadee et al., 2016) causing significant losses on Asian—
including Vietnamese—shrimp aquafarms (Asche et al., 2020). In Vietnam, about 80% and 95% of
areas affected by WSD and AHPND respectively are in open production systems.
The Mekong Delta is one of the leading shrimp cultivation regions in Vietnam, both with
regard to size and production volume. In 2018, the total farmed area in this region was around 720,000
ha with an average production of 745,000 tons per year (MARD, 2019). Panaeid shrimp species
(Littopenaeus vannamei and Panaeus monodon) are the main species cultivated. The shrimp farming
sector is dominated by small-holder farmers (80%) who contribute more than 80% of the national
production volume (Oxfarm, 2018).
Small-scale shrimp farmers in the Mekong Delta face various systemic production risks
when it comes to infectious disease, i.e. risks that proliferate at system level rather than only at the
individual farm level, as pathogens can easily spread in open systems with outdoor earthen ponds
(Corsin et al., 2005; Bush et al., 2010) or with shared water sources (Hoa et al., 2011). In 2015,
disease outbreaks of WSD and AHPND in the Mekong Delta led to losses of US$ 55.58 million and
US$ 97.96 million, respectively (Huong et al. (2016). The systemic nature of the risk impedes certain
risk-sharing solutions, such as insurance schemes or supply and risk pooling agreements across
supply chains (Meuwissen et al., 2019).
Disease prevention and mitigation has been mainly focused on farm-based practices to
improve farm performance and adoption of technological solutions. Examples include standardised
protocols for pond preparation and water treatment (Tang et al., 2020; Pongthanapanich et al., 2019).
With regard to technologies, farmers aim to increase water quality e.g. through implementing
greenhouses, bio-floc, facilities to minimise water exchange, and instruments to monitor feeding
patterns (Thitamadee et al., 2016; Dey et al., 2020).
However, whether such farm-based approaches are sufficient to address disease risk, which is
highly dependent on systemic factors, can be questioned. First, as argued by Bottema et al. (2019b)
and Bush et al. (2019), these farm-based practices do not provide incentives for farmers in a given
area to cooperate. Second, though technical solutions can enhance individual farm performance (Duy

4

72 | Chapter 4
et al., 2015; Tendencia et al., 2012; Crab et al., 2012), they are costly and therefore hard to implement
for the majority of small-scale farmers (Ulhaq et al., 2022; Hasan et al., 2020). Lien et al. (2021)
found that shrimp farmers cooperate and share more information with neighbouring farmers who
experience the same production risks stemming from a shared common water source. We hypothesise
that losses due to contagious diseases in shrimp farming become less systemic if this motivation for
‘beyond farm cooperation and information sharing’ can be deployed to incentivise joint activities
stimulating risk prevention and mitigation.
In order to evaluate the effect of cooperation between farms, the objective of this chapter is to
assess how various forms of cooperation among farmers affect yield risks caused by two infectious
shrimp diseases, i.e., WSD and AHPND. The analysis focuses on open systems as they are most
frequently used by small-scale farmers in Vietnam. As data on the effect of cooperation on yield risks
is lacking, expert elicitation is used to parameterize a stochastic simulation model, comparable to
Meuwissen et al. (2003), who used expert elicitation to model the risk of swine epidemics and inform
the design of epidemic disease insurance (Meuwissen et al., 2013).
The study is outlined as follows: section two describes the epidemiological background of
WSD and AHPND in shrimp farming in Vietnam. Section three presents the methodology used in the
study, including the description of three different cooperation scenarios, the workshops employed for
expert elicitation, and the set-up of the stochastic simulation model bringing the various expert
estimations together into yield losses for a hypothetical area of 1,000 shrimp farms. Findings of the
workshops and the stochastic simulation model are listed in section four, followed by a discussion in
section five and conclusion in section six.
4.2. WSD and AHPND in shrimp farming in Vietnam
WSD and AHPND are caused by a white spot syndrome virus and strains of Vibrio parahaemolyticus
that contain a unique virulence plasmid respectively (OIE, 2021). The mass mortality of these two
shrimp diseases has been explored in a variety of studies (Tang et al., 2020; Thitamadee et al., 2016;
Tuyen et al., 2014; Dey et al., 2020). The virus causing WSD may lead to 100% mortality of shrimp
cultures in as few as three to 10 days (Dey et al., 2020; OIE, 2021). In contrast, mortality caused by
AHPND occurs slower and reaches about 70% to 100% within 30 to 45 days after stocking in shrimp
cultivation ponds with post larvae (PL) (OIE, 2021; Thitamadee et al., 2016). Although the mortality
rate of these diseases is high, exact information about their prevalence is limited (Kelly and Renukdas
(2020). Nevertheless, persistent occurrence of the pathogens causing WSD and AHPND in shrimp
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ponds and common water sources was confirmed by various authors including Hong To et al. (2020),
Hoa et al. (2011) and Anh et al. (2010).
WSD and AHPND can be transmitted vertically from brood stooks and horizontally via
contaminated water through cannibalism of sick and dead shrimp in a pond (Tang et al., 2020;
Thitamadee et al., 2016) or through potential hosts such as crabs or birds (Sánchez-Paz, 2010; Tuyen
et al., 2014). However, disease occurrence depends on many factors such as farm site characteristics,
culture period, water management, stocking density, feed and medical inputs, biosecurity measures
and a range of environmental factors including water temperature, pH and salinity (Tendencia et al.,
2011; Millard et al., 2021; Hasan et al., 2020; Boonyawiwat et al., 2017; Boonyawiwat et al., 2018).
To manage the risks related to WSD and AHPND, shrimp farmers usually adopt farm-based
risk prevention strategies during the preparation and cultivation phase. These focus on: adequate
preparation and disinfection of the shrimp pond, implementation of biosecurity measures, use of good
quality PL from reputable hatcheries, control of water quality, adherence to a seasonal crop calendar,
and detailed monitoring of shrimp health (Corsin et al., 2001; Corsin et al., 2005; Dey et al., 2020;
Hasan et al., 2020; Tendencia et al., 2011; Thitamadee et al., 2016; Millard et al., 2021; Flegel, 2019;
Tang et al., 2020). At present, farmers have very limited opportunities to mitigate the consequences
after a WSD outbreak or a late diagnosis of AHPND (Tang et al., 2020; Dey et al., 2020).
4.3. Methodology
The overall methodological approach of this chapter is based on a stochastic simulation model of
shrimp farming yield risks that is calibrated on data from two expert elicitation workshops. A base
farm-based scenario is compared to three cooperation scenarios, that will be introduced first in the
next section. The subsequent sections will then develop the yield risk estimation, detail the expert
workshops and finally develop the stochastic simulation model and its sensitivity analysis.
4.3.1. A farm-based scenario and three cooperation scenarios
The farm practices as described in section 2 above are the basis for the “Farm-based scenario”. This
base scenario reflects a situation without explicit cooperation activities and includes only individual
farm practices (Table 4.1).
The cooperation scenarios reflected in Table 4.1, i.e., “Synchronisation”, “Information
sharing” and “Combination”, are not yet implemented formally—although practices of these
scenarios have already been discussed in literature. For instance, as suggested by Pongthanapanich et
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al. (2019), frequently sharing information among social relations and synchronising risk management
at the regional level can reduce the spread of infectious disease to other areas. Along the same line,
there are many studies on shrimp farming in Vietnam that found that information sharing within
socio-spatially connected networks has a positive impact on the adoption disease control measures
(Joffre et al., 2020; Lien et al., 2021). As argued by Bottema et al. (2019b), farmers have a greater
incentive to adopt these cooperation practices with farmers who either experience similar risks or
who are close in their social relations. As such, we design three cooperation scenarios based on two
main practices: “Synchronisation” and “Information sharing”.
Table 4.1: Farm practices in farm-based scenario and additional practices in three cooperation
scenarios
Cooperation scenarios
Farm-based


Proper pond preparation



Proper biosecurity






and disinfection

maintenance

 ... of batch production

Post larvae from reliable

 ... of the use of

suppliers


Synchronisation
 ... of pond cleaning

pathogen-free post

Information-sharing
 About:
9 environmental

and information

conditions

sharing practices

9 shrimp health &
behaviour

Proper water

larvae for stock

9 experience with

management

 ... of fully treating

treatment methods

Adherence to seasonal

contaminated water

9 early signals of

crop calendar

and effluent before

disease and appearance

release

of disease vectors

Proper disease treatment
and shrimp health

Combination
All synchronisation

 ... of the timing of

treatment with probiotics

discharging

 Through group chat and

and medicines

contaminated water

social media apps (Zalo) for

and effluents

informing, providing,
updating & exchanging
information with trusted
sources

4.3.2. Conceptualising yield risks
Yield loss is our main indicator of yield risk (Harwood, 1999). Yield losses were estimated by the
difference between the yield potential and the yield that materialises when a disease occurs, multiplied
with the shrimp selling price per kg at farm gate:
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(1)

Yield potential is defined as the yield which could potentially be achieved in the absence of
disease. It is derived from the literature (reference yield) corrected for prevalence and mortality rates,
also obtained from literature (prevalence reference and mortality reference respectively). Note that
due to the lack of information on yield loss for specific diseases, these reference yields and rates are
defined in general terms.

Yield potential = (ଵି୰ୣ୴ୟ୪ୣ୬ୡୣ

ଢ଼୧ୣ୪ୢ ୰ୣୣ୰ୣ୬ୡୣ

୰ୣୣ୰ୣ୬ୡୣ)×(ଵି୭୰୲ୟ୪୧୲୷ ୰ୣୣ୰ୣ୬ୡୣ)

(2)

The yield impact of a specific disease is determined by its prevalence and mortality rate, in
our case specific for WSD and AHPND:

Yield disease = Yield potential × (1 െ Prevalence) × (1 െ Mortality)

4
(3)

We make use of these equations to estimate the yield losses per crop per farm. Prevalence and
mortality rates vary per scenario.
4.3.3. Expert elicitation workshops on estimation of prevalence and mortality rate in
cooperation scenarios
Two separate workshops, one in English and one in Vietnamese, were organised in May 2022 via
two-hour online meetings. The first workshop with five international experts was presented and
discussed in English and the second with nine experts from Vietnam was conducted in Vietnamese.
The consulted experts have knowledge and experience about disease transmission and landscape
aquaculture management and included local and global aquaculture specialists, aquaculture
researchers in universities and research institutes, and local government staff. Separate workshops
were organised to avoid language barriers that could hamper the discussion or lead to
misunderstandings.
The objectives of the workshops were to (1) present the three cooperation scenarios, i.e.,
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“Synchronisation”, “Information sharing” and “Combination” and (2) critically evaluate and assess
the prevalence and mortality rate of WSD and AHPND in each scenario.
At the beginning of the workshop, the context of the risk analysis was presented and discussed,
such as the specificities of shrimp farming in the Mekong Delta, the actual disease situation, and
current risk management strategies. In addition, the characterisation of the farm-based and
cooperation scenarios was presented and discussed. Table 4.1 was used to specify the type of
strategies in each scenario. The next phase of the workshop focused on the parameterisation of the
prevalence and mortality rates. For the “Farm-based” scenario, we used values from literature and
shared these with the experts, i.e. the prevalence and mortality rates of WSD ranges from 40% to 71%
and from 80% to 100%, respectively (according to Desrina et al. (2022) and OIE (2021)), while for
AHPND these range from 52% to 87% (Nguyen et al., 2021) and from 40% to100%, respectively
(according to Boonyawiwat et al. (2018) and OIE (2021)). Next, we used individual Google forms to
elicit experts’ individual assessments of the prevalence and mortality rates for each disease in each
cooperation scenario. To account for uncertainty, experts were always asked to indicate three values:
the most likely, the minimum and the maximum value.
The final step of the workshop was a plenary session aimed at reaching group consensus for
each parameter. To do so, we first calculated the average values of all experts’ individual assessments
for all parameters. Second, a discussion was initiated among the experts to reach consensus about the
average values. Following Kaner (2014) we used an agreement level of at least 80% to acceptably
reflect consensus. The Figure E.1 and Figure E.2 in the Appendix E present the results of the two
workshops.
4.3.4. Stochastic simulation model and model variables
For the stochastic simulation model, we start with the yield loss per crop at one farm, and then scale
this up to annual yield losses of a hypothetical area with 1,000 farms. At farm level, the number of
crops cultivated per year is assumed to range from one to three with different probability values. In
the model, the losses are simulated independently for each crop per year. The model input variables
along with their units of measurement are listed in Table 4.2.
The stochastic simulation model was created in Microsoft Excel with the add-in @Risk
version 8.2 (Palisade, 2020). The Monte Carlo sampling method was used to sample values from
input distributions with 10,000 iterations, which was considered sufficient to produce a stable output
distribution. The model is based on several assumptions. First, we assume that the disease risk control
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practices in the different scenarios are taken up adequately by all 1,000 farmers. This is based on
earlier findings described in Chapter 2 indicating that when farmers cooperate in (many but) small
social networks., e.g., around their common water source, there is more intrinsic motivation for socalled beyond farm cooperation. Second, we assume that, despite the size of the area, the price per kg
shrimp is not affected by the level of disease. Experience from e.g. the African swine fever outbreaks
in China show that prices are only affected in case of major disease outbreaks (Mason-D’Croz et al.,
2020). Third, we did not estimate disease virulence as a separate variable and assume it to be part of
mortality. While virulence is an important factor to explain disease consequences and losses (Dey et
al., 2020; Kelly and Renukdas, 2020) its role is more or less the same across open production systems
with variation of stocking density, which are the focus of this risk analysis. When modelling intensive
systems with high levels of biosecurity in place, we expect virulence to play a more relevant role
(Hoa et al., 2011).
4.3.5. Model parameterisation and sensitivity analysis
Data were collected from two sources: literature review and expert elicitation, as clarified in Table
4.2. The yield reference is the yield mentioned in the literature, which is usually affected by the
normal disease prevalence rate (the so-called prevalence rate reference) ranging from 10% to 20%
per crop at farm level (Phong et al., 2021) and the mortality rate reference which ranges from 10% to
30% per crop at farm level. This is in line with the average survival rate of 70% to 90% as reported
by Ngoc et al. (2021a). The number of crops per year is one, two or three with a probability of 0.35,
0.59, and 0.06, respectively, based on Duy et al. (2021). The values of minimum, most likely and
maximum shrimp prices at farm gate are 30, 130 and 190 VND per kg respectively, according to a
study of Le et al. (2022). To estimate the impact of WSD and AHPND in the “Farm-based” scenario,
we combined information from multiple sources. For WSD, parameters are based on Desrina et al.
(2022) for the disease prevalence rate and on OIE (2021) and Thitamadee et al. (2016) for the
mortality rate. For AHPND information was retrieved from Nguyen et al. (2021) for prevalence and
from Boonyawiwat et al. (2018) and OIE (2021) for mortality. Exact values are shown in Table 4.2.
The impact of uncertainty in the input variables in the various scenarios was assessed using
the in-built sensitivity analysis of @Risk 8.2. The sensitivity analysis was carried out using Spearman
correlation coefficient as the relationship between some inputs and the outputs of the area yield losses
were nonlinear.
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% per crop
% per crop
% per crop
% per crop
% per crop
% per crop

Uniform
Pert
Pert
Uniform
Pert
Pert

Uniform
Pert
Pert
Uniform
Pert
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Min; Max
Min; ML; Max
Min; ML; Max
Min; Max
Min; ML; Max
Min; ML; Max

Min; Max
Min; ML; Max
Min; ML; Max
Min; Max
Min; ML; Max
Min; ML; Max

Min; ML; Max

Mean; SD
Min; Max
Min; Max
Value
Probability

Description

40; 100

52; 87

80; 100

40; 71

30; 130; 190

3.080; 1.403
10; 20
10; 30
1; 2; 3
0.35; 0.59; 0.06

Farm-based

40; 56; 89
31; 47; 60

41; 54; 72
29; 45; 58

76; 87; 97
56; 64; 78

29; 43; 64
31; 48; 59

Synchronisation

Scenario

38; 64; 89
40; 55; 72

48; 70; 80
42; 55; 70

80; 89; 99
64; 72; 86

40; 52; 66
34; 51; 62

Information
sharing

34; 54; 78
29; 43; 56

41; 51; 71
29; 40; 55

70; 79; 88
47; 57; 70

41; 54; 71
29; 39; 54

Combination

Source: 1 Phong et al., 2021; 2 Ngoc et al., 2021; 3 Desrina et al., 2022; 4 OIE 2021 and Thitamadee et al., 2016, 5Nguyen et al., 2021; 6 Boonyawiwat et al., 2018 and OIE 2021;
7
Duy et al., 2021; 8 Le et al., 2022; 9 Expert elicitation in two workshops
Notes: Lit: literature; W*: workshop in English; W**: workshop in Vietnamese; min: Minimum; ML: most likely; Max: maximum; SD: standard deviation

Prevalence rate–Lit
Prevalence rate–W*
Prevalence rate–W**
Mortality rate–Lit
Mortality rate–W*
Mortality rate–W**

AHPND

Prevalence rate–Lit
Prevalence rate–W*
Prevalence rate–W**
Mortality rate–Lit
Mortality rate–W*
Mortality rate–W**

% per crop
% per crop
% per crop
% per crop
% per crop
% per crop

Pert

1,000
VND/kg

Shrimp price

WSD

Discrete

Normal
Uniform
Uniform

Distribution

#/year

kg/ha/crop
% per crop
% per crop

Unit

Number of crops

Yield reference
Prevalence rate reference
Mortality rate reference

Variable

Table 4.2: Overview of input data in the farm-based scenario and the different cooperation scenarios
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4.4. Model results
The overall result of our stochastic simulation model shows a similar trend of lower expected yield
losses in all three cooperation scenarios in comparison with the baseline scenario. In Table 4.2, the
results bare differentiated for the workshop conducted in English versus the one conducted in
Vietnamese, as perspectives across the expert groups may differ.
4.4.1. Impacts of cooperation strategies on WSD losses
The cumulative distribution functions of expected yield losses are shown in Figure 4.1 with results
based on the workshop conducted in English on the left and the one conducted in Vietnamese on the
right. Corresponding loss numbers are shown in Table F.1 (Appendix F). Our results demonstrate that
losses in the cooperation scenarios are expected to be consistently lower that in the baseline model,
i.e., the “Farm-based” loss curve is consistently positioned more to the right, demonstrating higher
losses. Looking into the cooperation scenarios in more detail, we find that experts participating in the
workshop conducted in English expect synchronisation of practices to be the most effective (curve is
positioned most to the left), while the experts in the second workshop attribute the highest merit to
the scenario in which synchronisation was combined with information sharing. Experts in the
workshop in English indicated that in the case of WSD there is very little time for information sharing,
which likely explains their priority for “Synchronisation”. The rapid spread of WSD was also
mentioned by Dey et al. (2020) and Desrina et al. (2022). (Dey et al., 2020; Desrina et al., 2022).
4.4.2. Impacts of cooperation strategies on AHPND losses
The cumulative functions of simulated expected yield losses for AHPND are shown in Figure 4.2.
Averages, standard deviation and 5% and 95% percentiles are in the Table F.2 (Appendix F). In line
with the results for WSD, cooperation scenarios outperform the scenario in which disease
management in purely based on farm-level practices. With regard to the cooperation scenarios,
“Synchronisation” outperforms “Information sharing” and experts in both workshops agreed that for
AHPND, a scenario in which synchronisation of practices is combined with information sharing
would be most effective (the “Combination” curve most to the left).
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Figure 4.1: Cumulative expected yield losses caused by WSD in farm-based and cooperation
scenarios for a hypothetical area of 1,000 shrimp farms based on results of two expert elicitation
workshops, one in English (left) and one in Vietnamese (right).
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Figure 4.2: Cumulative expected yield losses caused by AHPND in farm-based and cooperation
scenarios for a hypothetical area of 1,000 shrimp farms based on outcomes from two expert elicitation
workshops, one conducted in English (left) and one in Vietnamese (right)
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4.4.3. Sensitivity analysis
The input variables with the largest effect on annual yield losses are reported in Figure E.3 and Figure
E.4 (Appendix E). The most influential variables in all three cooperation scenarios are the number of
crops per year and the actual yield (yield disease) with a correlation coefficient greater than 0.6 and
0.3, respectively. This is a sensible result as the number of crops scales actual yield multiplicatively,
which in itself is a major source of variation. Three other model inputs which are found to be
influential are shrimp price, disease prevalence rate and mortality rate.
4.5. Discussion
In this chapter, we estimated the yield losses in a hypothetical area of 1,000 farms caused by WSD
and APHND for open shrimp farming systems in the Mekong Delta, Vietnam. This analysis is carried
out by using a stochastic simulation modelling approach which can generate distributions of model
outputs based on the variability of the input parameters used in the analysis. Results show that
cooperation scenarios are promising to reduce the systemic risk in open production aquaculture
systems. This builds on work by Bottema et al. (2019b) and Lien et al. (2021) who argue that the
socio-spatial connectivity between farmers empowers their collaboration, thereby leading to better
synchronisation of risk mitigation practices and information sharing. The importance of social
interactions within farmer groups to explain behaviour and change of practices was also discussed by
Spielman et al. (2011). Their results suggest that ‘bottom-up’ strategies are more effective than ‘topdown’ approaches, such as described by Bush et al. (2019) to manage the systemic nature of disease
risk.
Although experts’ estimations did not entirely converge across scenarios, their overall
appreciation for the cooperation scenarios was evident. Moreover, the remarks in the plenary
discussions yielded useful additional insights. For instance, all experts agreed that virulence was not
explicitly addressed in the current assessment but that the type of practices as included in the
cooperation scenarios in the long run also positively affects the virulence, thereby further reducing
the systemic nature of the disease risk in open production systems.
4.6. Conclusion
By using a stochastic simulation model, our study provides a relative comparison of the yield losses
caused by two shrimp diseases, WSD and AHPND, between a farm-based scenario that involves no
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cooperation and three different cooperation scenarios. Results are scaled to a hypothetical area of
1,000 shrimp farms in the Mekong Delta in Vietnam. Due to the lack of information on the effects of
cooperation beyond the farm, we make use of expert elicitation to assess the two main parameters of
our stochastic simulation model: the prevalence rate and mortality rate for the two different diseases.
Our results show that experts indicate that all of the three cooperation scenarios would result in lower
yield losses upon WSD and AHPND outbreaks in comparison with the farm-based scenario. More
fundamentally, these results illustrate the promise of cooperation practices fuelled by small social
networks where so-called socio-spatial connectivity drives intrinsic motivation for joint risk
management to combat contagious diseases.
The observed effects of the cooperation scenarios from our stochastic simulation model in
mitigating the systemic risk in aquaculture industry are still at the early stage of development and
need further research. However, they provide a basis for thinking about the future configuration of
cooperation beyond the farm level. Outcomes can also be used as a convince farmers of the potential
financial benefits of collaborative management. In addition, the cooperation scenarios and outcomes
of the risk analysis can inspire private actors, such as banks, insurance companies, wholesalers and
processors, to design risk-sharing solutions with Vietnamese small-holders, thereby taking away
downside risk and empowering sustainable development.
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CHAPTER 5

The role of group-based
contracts for risk-sharing: what are the
opportunities to cover catastrophic risk?

This chapter has been published as:
Meuwissen, M., Bottema, M., Ho, L., Chamsai, S., Manjur, K. & de Mey, Y. 2019. The role
of group-based contracts for risk-sharing; what are the opportunities to cover catastrophic
risk? Current Opinion in Environmental Sustainability 41: 80-84.
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Abstract
Group-based contracts are stimulated by food and agricultural development programs as powerful
tools for risk-sharing. In successful groups social capital serves as a catalyst for risk prevention and
knowledge sharing. It is however difficult to deal with catastrophic risk. In this chapter we ask
whether and how group-based contracts have been innovated to include catastrophic risk? The review
shows that, albeit at early stage, innovations emerge from linking up to formal finance markets,
negotiating better risk-sharing deals with upstream and downstream value chain actors, and upscaling
of public-private improvement projects to joint calamity funds. These changes to group-based
contracts are expected to enhance inclusion. We also identify a research agenda for risk-sharing via
groups.
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5.1 Introduction
Group-based contracts are widely used for risk-sharing. Well-known examples are cooperatives
reducing market risk for their members (Bijman, 2016) and joint liability groups to enable access to
microfinance when there is limited collateral (Ghatak, 1999; Ghatak, 2000). The potential of groupbased contracts is also well-recognized in international development programs, such as the FAO
action plans towards reaching the sustainable development goals (FAO, 2018b). Common to all forms
of successful group-based contracts for risk sharing is social capital (Thorp et al., 2005), which
reduces problems of asymmetric information and serves as a catalyst for risk prevention and
knowledge sharing. Strong social capital also means that the high costs formal insurers and banks
face, in terms of setting up monitoring and loss adjustment programs to stimulate risk prevention and
risk mitigation (Harrington and Niehaus, 1999), can be significantly reduced or eliminated altogether
(Hermes and Lensink, 2007; Poulton et al., 2010).
Despite the multiple apparent benefits, group-based contracts for risk-sharing also face
limitations. Losses from catastrophic risk, where all group members may face a large loss at the same
time, is one such limitation (Meuwissen et al., 2013). Examples of catastrophic risk are losses from
extreme weather events (Hardaker et al., 2015), water pollution in a large territory (Bottema, 2019a),
epidemic disease outbreaks (Meuwissen et al., 2013), and situations where multiple farms have been
supplied with contaminated inputs (Meuwissen et al., 2009). In the latter case, input suppliers
generally replace delivered goods but do not compensate farmers for business interruption losses
(Meuwissen et al., 2009). In this chapter we ask whether and how group-based contracts have been
innovated to include catastrophic risk? Based on a review of the current literature this chapter reviews
(i) the current scope of group-based contracts; and (ii) their potential for fostering additional risksharing opportunities towards catastrophic risk. We also consider implications for inclusiveness.
To illustrate the scope of group-based contracts we present the risk pyramid as shown in
Figure 5.1 (adapted from OECD (2008) and Hohl (2019)). The bottom layer of the risk pyramid refers
to normal risk. Price, production and financial risks are interpreted as ‘normal’ when they are within
the normal range of variation. For instance, Dutch farmers indicated that deviations of prices by less
than 10 to 15% from expected levels were perceived as normal (Assefa et al., 2015). Normal risks
can be covariate across farms, such as price risk, or largely independent, e.g., in case of quality
deviations caused by on-farm handling processes. Risks in the second layer, i.e., the idiosyncratic
layer, refer to risks which can cause substantial damage on a farm but which are not very frequent

5

88 | Chapter 5
and not covariate across farms. Examples are risk of fire and non-infectious disease outbreaks.
Catastrophic risks are in the upper layer of risk pyramid: they do not occur frequently, but damage

Large damage, low frequency,
covariate across farms in area

Catastrophic
risk

Idiosyncratic risk
9Saving clubs provide access to a larger sum of money
9Credit cooperatives provide access to finance
9Joint liability groups enable access to microfinance
without individual collateral
9Group insurance provides liquidity after adverse event

Small damage, high frequency,
risks can be independent or covariate
across farms in area

1

Normal risk
9Cooperatives, producer organisations and farmer clubs
reduce price and supply risks

Improve capacity to negotiate better risksharing deals with upstream and
downstream value chain actors

Substantial damage, rather frequent,
not covariate across farms in area

Link up to formal risk
finance markets

3

Upscale public-private
improvement projects
towards risk-sharing

can be very large, magnified by the covariate nature of the risk.

2

Figure 5.1: Risk pyramid in agriculture (adapted from [13, 14]) including example group-based
contracts for risk-sharing (in pyramid) and opportunities to include catastrophic risk (arrows).
5.2 Current scope of group-based contracts
As risk-sharing in groups is already an old phenomenon (Hardaker et al., 2015), many wellestablished examples exist, of which major ones are listed in the risk pyramid. As expected, we did
not find any examples of group-based contracts covering catastrophic risk. At the bottom of the risk
pyramid, cooperatives have a long-standing history of reducing price risks to normal levels. They
achieve this through a combination of sharing risks across members and time (Assefa et al., 2015;
Hao et al., 2018). Besides dealing with price risk, cooperatives also frequently invest in reducing
production and supply risks (Chagwiza et al., 2016), and in enhancing members’ access to finance
(Wulandari et al., 2017). In general, cooperatives have a positive impact on members’ income and
welfare (Bijman, 2016). Over time, alternative forms of cooperatives have emerged, such as producer
organizations and farmer clubs. These alternatives accommodated among others to use a different
name as in some countries ‘cooperatives’ had a bad reputation and were associated with state
domination (Bijman, 2016). Other reasons for alternatives to emerge were to redirect management
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towards more commercial goals (Bijman, 2016)[1], increase grassroot embeddedness (Ha and Bush,
2010), and allow for less stringent requirements with regard to farmers’ contributions into
cooperatives’ equity capital.
In the idiosyncratic layer, different kinds of risk finance groups can be found, with examples
such as saving clubs, credit cooperatives, joint liability groups in microfinance, and group insurance.
Each of these examples deals with providing some form of finance to members, but differences exist.
For instance, in saving clubs, such as rotating savings and credit associations (ROSCAs), individuals
save together and then lend the accumulated funds back to themselves (Aggarwal et al., 2018). They
do not retain any funds inside the group. Credit cooperatives do also borrow from outside sources and
also raise deposits from its own members (Ghatak, 1999). In joint liability groups, group members
provide mutual collateral for each other’s loans (Ghatak, 1999; Ghatak, 2000), either including the
group as a whole or those who co-sign the loan (Bond and Rai, 2008). Over time, some micro-finance
institutes shifted from joint liability groups to individual-oriented schemes (Xu et al., 2020). Several
reasons motivated this shift, such as peer pressure (Rai and Sjöström, 2004; Czura, 2015), credit
rationing (Kong et al., 2015), and the problem of strategic defaults (Besley and Coate, 1995). In
individual-oriented liability schemes, De Quidt et al. (2016) propose to address social capital through
regular group meetings. In group insurance, group involvement is triggered by an adverse event
(Watson et al., 2018).
5.3 Enlarging the scope toward catastrophic risk
If social capital provides strength to group-based contracts, what options are there for dealing with
losses associated with catastrophic risk? As indicated by the arrows in Figure 5.1, we identify three
possible options.
First, the risk-sharing capacity of groups can be increased by linking them up to formal finance
and insurance markets, for instance through derivative contracts triggered by the occurrence of
extreme weather events, such as index insurance (Poulton et al., 2010) or contingency credit facilities
(Skees et al., 2016; The Economist, 2018). As such extreme weather coverage could linked to finance
groups as well as cooperatives. So far, pilots have been carried out in Ethiopia where index insurance
was offered to voluntary mutual help associations (Belissa et al., 2019) and informal groups (Dercon
et al., 2014). Both sources found that these groups contributed to farmers’ understanding of the
mechanism underlying derivative instruments and solved issues of trust. Furthermore, De Janvry et
al. (2014) pointed out that selling index insurance to groups with shared interest also reduces free
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riding behaviour due to positive externalities on other group members when a member choses to
insure. Although Belissa et al. (2019) found that selling index insurance through groups led to higher
uptake by farmers, practices are not flourishing yet. Nevertheless, this seems a more promising way
of offering catastrophic risk coverage for extreme weather events to smallholders than selling index
insurance to individual farmers, which has been shown by several authors to be troublesome (Skees
et al., 2007; Johnson et al., 2019; Marr et al., 2016).
Second, coverage of catastrophic losses can be enhanced through improving farmers’ capacity
to negotiate better risk-sharing deals with upstream and downstream value chain actors. For instance,
farmers could design supply conditions stating that suppliers must indemnify business interruption
losses after delivery of contaminated feed (Meuwissen et al., 2009). Likewise, contracted farmers
could settle delivery conditions stating that processors do not penalise them for non-delivery in case
of catastrophic events beyond their control (Meuwissen et al., 2001b). In practice, large-scale farms
are already able to negotiate better supply and delivery conditions (MacDonald et al., 2013), but for
small-scale farmers this is more complicated, among others due to differences in power and
knowledge (Ton et al., 2018). Also, individual farmers can easily be played off against each other,
thereby further reducing changes of successful negotiations. Cooperatives (and other similar kind of
groups) could take the lead in this, building on their experience of price negotiations with suppliers
and processors. Supply chain management literature on due diligence and working capital suggests
that upstream and downstream actors will be more interested to discuss risk-sharing deals if
cooperative groups come up with stable and reliable risk profiles (Chopra, 2019). Cooperatives
already assist farmers on data collection practices as illustrated by Bush et al. (2017) and Samerwong
et al. (2018). Nguyen and Jolly (2019) illustrate the importance of good quality data in the context of
insurance.
Third, catastrophic risk coverage might be enhanced through upscaling public-private
improvement projects. Improvement projects are voluntary collaborations between leading actors,
e.g., from the market, farming sector, state and civil society, to reach a sustainability goal. Examples
can be found in multiple geographical contexts. For instance, Bottema et al. (2019b) describe an
improvement project for shrimp farming systems addressing mangrove management. van Ruiten and
Hartmann (2016) elaborate scenarios for arable farming systems in water retention areas. Projects are
successful in improving risk awareness and relationships in the area (Joffre et al., 2019; Bottema,
2019a). Upscaling to risk-sharing could be through setting up a joint calamity fund, which
compensates farmers in case of an adverse event. For instance, the fund could compensate farmers if
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“once every 10 years” the water retention area would be entirely flooded. Filling the calamity fund
could be through contributions from e.g., consumers who pay a small price premium for improved
sustainability, banks and insurance companies who benefit from reduced risk in neighbouring areas,
and farmers themselves as improvement projects may result in higher yields in normal years.
5.4 Implications for inclusive business
Processes of exclusion can be seen in the kinds of group-based contracts indicated in the risk pyramid.
For instance, Ha and Bush (2010) and Ha et al. (2013) conclude that cooperatives “are not a panacea
per se for all farmers” as the commercially, geographically and socially less well connected farmers
have more difficulties in participating in these cooperatives. Insurance companies, likewise,
generally exclude high risk farmers by setting eligibility criteria for farmers based on good farming
practices (Meuwissen et al., 2013). Lower entry barriers seem to apply to saving clubs and joint
liability groups, as these are also used in communities with low levels of collective property rights
(Poulton et al., 2010), and lack of collateral (Ghatak, 2000). Thorp et al. (2005) indicate that in all
cases it appears that it is the poorest that are excluded from groups and, as such opportunities for risk
sharing.
We argue that the opportunities to cover catastrophic risk as part of group-based contracts
enhance inclusiveness for two reasons. First, in the context of catastrophic risk it is crucial for the
success of the group to provide incentives for risk prevention and risk mitigation to each farmer in
the area. Due to the covariate nature and potential size of losses this is more important for catastrophic
risk than for normal and idiosyncratic risk. For instance, an outbreak of an epidemic disease on a
single farm can cause large losses for the group as a whole. It is therefore not likely that groups
covering catastrophic risk exclude individual farmers. This was also described by Meuwissen et al.
(1999) for risk financing groups covering losses of swine epidemics. Second, each of the innovations
is less likely to materialize if smallholders operate by themselves. For instance, selling index
insurance to individual farmers often fails, as described by among others Marr et al. (2016). The same
was concluded for individual smallholders negotiating better supply and delivery conditions along
the chain; opportunism, lack of power and limited supply chain knowledge complicate this (Thorp et
al., 2005). The increased opportunity to share catastrophic risk likely stimulates smallholders to join
groups thereby also enhancing inclusion.

5

92 | Chapter 5
5.5 Conclusions and research agenda
We conclude that group-based contracts enable farmers to share multiple risks including price,
production and financial risks. The sharing of catastrophic risks is however more difficult. Building
on the strength of social capital in group-based contracts opportunities for covering catastrophic risk
emerge from linking up to formal markets, negotiating better risk-sharing deals with upstream and
downstream value chain actors, and upscaling of public-private improvement projects to joint
calamity funds. We also expect that groups sharing catastrophic risks become more inclusive.
All of the opportunities we identify, however, are still at an early stage of development and
need further research. For instance, with regard to linking up to formal markets through weather
derivatives: which kind of groups are most likely to do so? In relation to negotiating better risksharing deals with upstream and downstream value chain actors, further research is needed with
regard to scale and of data to determine risk profiles: are data at cooperative level sufficient, or is
individual farm variation also relevant? At which frequency should data be available: at harvest, or
at each step of the production process? With regard to upscaling improvement projects to joint
calamity funds, further research needs to assess cost and risk implications for actors involved in
improvement projects in order to determine each actor’s financial contribution to the fund.
This review on the role of group-based contracts for risk-sharing including the opportunities
for covering catastrophic risk and the suggested areas for further research can be used in a smallholder
context and elsewhere. For instance, the value of relatively small groups and the social capital therein
is being discussed in a variety of business environments, including super-large cooperatives who look
for ways to improve member commitment (Bijman, 2016) and otherwise individualistically operating
entrepreneurs who search for pooling mechanisms to supply large customers in case of a calamity.
Also, the search for coverage of catastrophic risk is on the agenda of many sectors due to increasingly
stringent rules for lending practices of banks. Group-based contracts for risk-sharing as presented in
this review may provide a way out.
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6.1 Introduction
This thesis focused on how beyond-farm management can enable Vietnamese shrimp farmers to
address the problems of systemic risks that transcend individual farms and of information asymmetry
within farming networks, by exploring beyond-farm management through three analytical
dimensions: socio-spatial connectivity, information practices and cooperation strategies. More
specifically, I explored (1) how socio-spatial connectivity between farmers influences risk behaviour,
(2) the ways in which information practices impact the data monitoring in the Vietnamese aquaculture
industry, and (3) how beyond-farm cooperation stimulates opportunities for risk-sharing solutions.
The commonality in these dimensions is that they all centre around social relations and a common
understanding of risk.
This final chapter combines these three dimensions in order to formulate an alternative
approach for beyond-farm management in the Vietnamese aquaculture sector. By combining these
dimensions there might be even greater opportunities to reduce systemic risks and information
asymmetry, potentially boosting the feasibility of risk-sharing solutions such as insurance even
further.
Section 6.2 answers the three sub-research questions of this thesis, related to each dimension.
Section 6.3 then presents an alternative approach for beyond-farm management, combining these
three dimensions to addresses systemic risks and information asymmetry. Section four outlines policy
and business recommendations that emerge from this research. Next, this chapter addresses
limitations and a future research outlook. The final section concludes with the main findings of this
thesis.
6.2 Answering the research questions: synthesis of key research findings
Socio-spatial connectivity: a new dimension for understanding risk behaviour beyond the farm
This results in this thesis show that socio-spatial connectivity is measurable and helps to understand
risk behaviour beyond the farm. With the introduction of the socio-spatial index (SSI), combining
social and spatial factors, this thesis creates a formal, quantitative measure to determine the optimal
scale to explore risk behaviour beyond the farm. The SSI reflects socio-spatial connectivity as it
measures information sharing among farmers using the same common water source (Chapter 2).
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The results also demonstrate a relationship between socio-spatial connectivity and the risk
behaviour of shrimp farmers (Chapter 2). The SSI is positively correlated with risk perception and
the adoption of on-farm and shared risk management strategies, indicating that a higher degree of
socio-spatial connectivity leads to greater uptake of risk management strategies in general. In
addition, Chapter 4 illustrates that socio-spatial connectivity in cooperation scenarios is useful for
disease risk prevention and mitigation activities. However, in contrast with other studies about risk
behaviour (e.g. Bishu et al. (2018), Joffre et al. (2018b), Lebel et al. (2016) and Ahsan (2011)), the
results in Chapter 2 demonstrate only a weak relationship between risk perception and the adoption
of risk management strategies. As argued by (Bottema et al., 2019b), this might be because high
socio-spatial connectivity amongst farmers may shape the common understanding of risk beyond the
farm and in doing so overrides the influence of individual perceptions of on-farm risk management
strategies.
This thesis also revealed a relationship between socio-spatial connectivity and risk
communication and information sharing amongst farmers. Chapter 2 and 3 both illustrate that shrimp
farmers were intrinsically motivated to communicate verbally and make joint decisions to address
daily challenges related to production risks with other actors in a particular social network with whom
they have a high degree of socio-spatial connectivity. These actors in a farmer’s social network were
not restricted to neighbouring farmers sharing a common water source (Chapter 2), but also actors
involved in the value chain of shrimp farming, such as cooperation management boards, input
suppliers, and local government staff (Chapter 3). Moreover, the findings in Chapter 3 indicate that
socio-spatial connectivity is embedded in a wider set of social practices, including information
sharing. This may be explained by the fact that socio-spatial connectivity in Vietnamese farming
communities is built on trust, reciprocity and a mix of leisure (Chapter 2), kinship, proximity, and
interdependence (e.g. Hoang et al., 2006; Le et al., 2020). Similarly, these interactions within sociospatial networks influence cooperation strategies and the collaborative management of systemic risk
(Chapter 4).
Reflecting on socio-spatial connectivity and how it affects farmers’ risk behaviour beyond the
farm, this thesis has implications for how socio-spatial connectivity can potentially reduce systemic
risks and information asymmetry. One approach would be to help farmers organise at a scale with
optimal socio-spatial connectivity, boosting common understanding of risk and cooperative
management, and thus reducing systemic risk. Such highly socio-spatially connected groups of
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farmers further stimulate intrinsic incentives to share more information, therefore potentially
resolving issues of information asymmetry.
The role of information practices for improving data collection and monitoring
In this section I draw my attention to the second sub-research question: how farmers routinely
communicate and exchange information within their spatial community. The findings in Chapters 2
and 3 show that the information practices are dynamic within a network, if and when required, farmers
adapt, change or habitualise their information practices. In addition, the involvement of
intermediators in supporting, exchanging, connecting and monitoring information shared among
farmers and between farmers and the public or other private actors in the shrimp farming chain has
emerged in Chapter 3. These findings constitute an alternative effective way to improve the quality
of data collection and monitoring, which are elaborated in the following paragraphs.
Farmers frequently share information within their social networks to collaboratively address
common challenges; networks that vary both in (geographical) scale and intensity (Bottema et al.,
2019b). The SSI developed in Chapter 2 captures the scale of these information sharing practices. For
instance, a group of farmers with a high SSI share a lot of information. This finding directly addresses
the call for relational approaches for landscape or area-based management and governance (Arts et
al., 2017; Bottema et al., 2019b), and provides high quality data that can be used by private actors,
such as insurance companies, to profile risks (Roll, 2019; Watson et al., 2018; Meuwissen et al.,
2013). As such, the quality of data collection and monitoring can be enhanced by effectively
predicting the spatial extent, or area, of farmers’ socio-spatial connectivity.
This thesis illustrates various challenges in providing qualitative data for current farm(er)
monitoring programs. Data monitoring programs were misaligned with the dynamics of existing
information exchange practices of farmers (Chapter 3). In line with findings of Doddema et al. (2018),
who studied how small-scale fishers respond to data requirements from private and public actors in
Indonesia, the results in Chapter 3 demonstrate that interventions of ASC and VerifiK8 misaligned
with farmers’ practical reality with regard to (1) the specific time for data entry, (2) unpractical data
collection tools, and (3) incompatibility with existing information exchange and processing with
fellow cooperative members. However, improved new practices involving intermediaries to
compensate for these misalignments are recognised in Chapter 3. These intermediaries are found to
have a high degree of socio-spatial connectivity with farmers; they could be cooperative members,
the cooperative management board, neighbours, peer farmers, input suppliers, and local staffs.
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By shifting the focus to farmer self-reporting practices, Chapter 2 and 3 highlight the power
of information practices beyond the farm. For instance, when farmers shared information about daily
challenges either verbally or using a digital app, they did so at an established socio-spatial scale,
following their usual routine of their existing information practice’s dynamic, and within their
intrinsic social networks for collaborative communication. The misalignments recognised in Chapter
3 suggest that instead of training farmers to collect and process information in a certain way, it would
be better to fundamentally redesign monitoring programs to align them with existing informationsharing practices. Such programs could be less likely to lead to poor quality data or information. As
such, our study has opened ambitious opportunities to improve the monitoring quality of aquaculture
performance beyond the farm.
Exploring the effect of cooperation strategies on opportunities for risk sharing solutions
This section dives deeper into the third sub-research question of this thesis, i.e., how cooperation
management strategies address information asymmetry (Chapter 2 and 3), reduce systemic risks
(Chapter 2 and 4), and open up opportunities for risk sharing (Chapter 5). The results in this thesis
demonstrate that beyond-farm cooperation strategies involving either collective information sharing
and/or synchronisation activities affect the systemic nature of disease risk and information asymmetry
and, in turn, stimulate risk sharing solutions.
Chapter 2 and Chapter 3 in this thesis show that shrimp farmers routinely meet and verbally
exchange information on farm performance (Chapter 2) and join in cooperative meetings to get or
give support (Chapter 3). This suggests that information asymmetries can be reduced through
cooperation, as previously recognised for fisheries in Indonesia (Doddema et al., 2018).
Cooperation can also address systemic risks by either collectively sharing information, e.g.,
about water intake and water release from/to common water sources, or synchronising disease risk
prevention and risk mitigation strategies across farms in a given area (Chapter 4). In addition to verbal
communication, young farmers increasingly use emerging social media platforms such as Zalo group
chats to acquire, exchange, and update knowledge from and with their peers (Chapter 3).
Chapter 5 further explores the literature for more evidence on how the strength of cooperation
amongst farmers within cooperatives or informal groups can reduce systemic risks, such as the power
to negotiate better risk-sharing deals with upstream and downstream value chain actors leading to a
more stable and reliable risk profiles and access to formal markets.
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Reflecting on the power of these ties built on trust, reciprocity, social relations and a shared
understanding of space and risk (Lo and Chan, 2017; Joffre et al., 2019; Bouma et al., 2008), it is
clear that these cooperation strategies not only support farmers to address information asymmetry in
and beyond their farm (Chapter 2 and 3), but also provide a knowledge platform to reduce systemic
risks (Chapter 3 and 4), as well as providing direct opportunities for risk-sharing beyond individual
farms (Chapter 5). As argued by Bush et al. (2019), along with the endogenous incentives of sociospatial connectivity (Bottema et al., 2021b), having access to risk sharing mechanisms would provide
more exogenous incentives for beyond-farm cooperation.
6.3 An alternative approach of beyond farm management
The insights outlined in section 6.2 above on how each dimension independently addresses the
systemic nature of risks and problems associated with information asymmetry suggest that the
hypothesised ‘downward sloping relationship’ as shown in Chapter 1 (Figure 1.1) holds. Even more,
the results demonstrate that these three dimensions are dynamic and quantifiable. Despite the fact that
the exact shape of the curve cannot be precisely determined, this thesis provides a framework to
explore further what the exact shape could be. As such, instead of a straight line, the hypothesised
relationship could rather be expressed as a concave or convex function, depending on the exact
synergy of the effects towards risk reduction and information transparency, as illustrated in Figure
6.1. No matter the exact shape, the framework and findings presented here, grounded in ‘bottom-up’
socio-spatial connectivity, may be an effective alternative approach to many of the current ‘top-down’
approaches addressing regional and landscape issues.
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risks and information asymmetry
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6.4 Policy and business recommendations
The findings in this thesis are useful for policy makers and private actors in aquaculture management
in Vietnam and beyond. The first policy recommendation is to take into account the socio-spatial
connectivity amongst farmers as a starting point to determine the optimal scale for cooperation
management and developing policy aimed at reducing systemic risks. In contrast to an ecosystem or
landscape approach, the results presented here suggest that cooperation management and
development programs are best enacted at the scale where farmers experience a high degree of sociospatial connectivity.
Second, to improve the monitoring data of small-scale aquaculture farms, public and private
actors must fundamentally redesign their methodologies and interventions to better align with existing
information practices of farmers. This thesis demonstrates that current information interventions for
shrimp aquaculture in Vietnam impede adequate monitoring because they prescribe standards and
burden farmers.
Third, the results call for both public and private investments to improve skills and capacity
of intermediators on data monitoring management to take over the reporting responsibilities of
farmers. In addition, with the rapid development of digital technology in aquaculture management,
investments should also focus on their implementation in rural shrimp areas.
Fourth, findings of this thesis are also useful for banks, alternative finance institutes and
insurance companies for designing optimal risk-sharing solutions. The SSI could be used to design
risk pooling groups to discuss synchronisation of risk management practices and mutual information
sharing, including on contagious disease risk. Transparency and alignment on risk prevention and
mitigation practices have a risk-reducing effect and greatly benefit a farmer’s risk classification to
better match the level of risk and premiums.
6.5 Limitations and future research
This thesis introduces a socio-spatial index—the first quantitative measurement to determine the
spatial scale of shared risk management beyond the farm in the context of shrimp aquaculture in
Vietnam. The SSI is constructed for farmers sharing a common water source but could be re-defined
in alternative settings in further research. The SSI will likely remain useful in different biophysical
dimension of landscapes, as it depends only on the amount of information shared within a social
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network. However, its relevance and accuracy should be formally evaluated across a range of different
empirical contexts.
This thesis also highlights the opportunity to incorporate individualised information and risk
management practices into collective information practices to address the daily challenges of shrimp
farming, e.g., with regard to information disclosure on water pollution and disease occurrence. In
practice, however, disclosing and sharing such information, e.g., for WSD and AHPND, might be
more challenging than sharing other types of information such as on water treatment, feeding
techniques, or reliable suppliers, because of its potential impact on price negotiations. In the risk
analysis, scenarios on synchronisation and information sharing assumed that all farmers would
collaborate. Future studies should investigate the degree to which this actually happens and how this
‘information sharing performance’ can be integrated into the risk classification of farmers.
The mutual relationships between the three dimensions emerging in this thesis suggests that
the hypothesised downwards sloping curve at the beginning of the thesis still holds if the three
dimensions are combined. Though this thesis did not explore the effects of this combination, it opens
up new research avenues to do so.
In this thesis, the willingness of risk financers and value chain actors to work with the concept
of socio-spatial connectivity and its potential for risk reduction and improved quality of information
has not been investigated. Further research needs to address this as well as the transaction costs
involved.
6.6 Main conclusions
The following main conclusions are derived from this thesis:
1. The socio-spatial index (SSI) provides an objective measure to determine the spatial extent of
shared risk management in a given farming area or landscape (Chapter 2).
2. The SSI has a positive relation with risk perception and the adoption of on-farm and shared
risk management strategies (Chapter 2).
3. The self-reporting methodologies and technological demands of private sustainability
programs are misaligned with the performance and the embeddedness of existing information
practices of small-holder shrimp farmers in Vietnam (Chapter 3).
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4. The scale, space and rhythm of information practices and the presence of intermediators are
key elements to effectively address the issue of information asymmetry in the Vietnamese
aquaculture industry (Chapter 2 and 3)
5. Cooperation strategies in which farmers from the same social network synchronise shrimp
farming practices and collaboratively share information, is expected to substantially reduce
yield losses caused by the infectious white spot disease (WSD) and acute hepatopancreatic
necrosis disease (AHPND) (Chapter 4).
6. The socio-spatial connectivity dimension contributes to understanding farmer risk behaviour
as it captures the amount of information sharing and network particularities building on trust,
reciprocity and the relationship amongst farmers and between farmers and actors involved in
the shrimp chain (Chapter 2, 3 and 4).
7. Cooperation strategies built on social networks drive intrinsic motivation for joint risk
management, thereby reducing systemic risks and information asymmetry, and in turn,
stimulating the potential for group-based risk sharing solutions (Chapter 5)
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appendices
Appendix A Chapter 2: Overview of sample selection, survey design, analytical
methods
A1. Sample selection
The survey was conducted in the Mekong Delta, Vietnam, which accounts for nearly 82% of shrimp
production and 91% of shrimp area in Vietnam. The three provinces sampled - Ca Mau, Bac Lieu and
Soc Trang - contribute 72% and 62 % of the shrimp area and shrimp production of the Mekong Delta
respectively (SUSV, 2016; GSO, 2016). In this chapter, we collected data by using a questionnaire
survey (see Appendix B) covering four aquaculture production systems in these three provinces:
intensive shrimp system (IS), semi-intensive shrimp system (SIS), improved extensive shrimp (IES)
and integrated mangrove – shrimp system (IMS) (Table 2.2).
Sampling was performed across production systems to generate a generalised picture of the
socio-spatial connectivity among shrimp farmers along in the four production systems. The sampling
was done in two steps. Firstly, the main districts of shrimp production for each production system of
each province were chosen based on the largest percentage of both the shrimp production and shrimp
area. Secondly, in each district of the three provinces the communes and the hamlets were chosen by
staff from Department of Agriculture and Rural Development. Such guided sampling is common in
Vietnam and has the possibility to bias results. However, we assume these biases are cancelled out
by the size of the sample taken. In total, 313 farmers were interviewed.
A2. Survey design
Prior to designing the survey, informal talks with government staff, aquaculture specialists and
university researchers were conducted to collect comments and suggestions about the list of
production risk sources and risk management strategies in aquaculture farming. Starting with the
classification of risk management strategies by Hardaker et al. (2015), we distinguished two
categories: on-farm risk management and risk-sharing strategies in aquaculture sector. Questions
were then developed for production risk and specific risk management strategies based on the
standards of the Aquaculture Stewardship Council (Aquaculture Stewardship Council, 2014) and
Seafood Watch Standard (Monterey Bay Aquarium, 2016) for aquaculture.
The survey consisting of the following sections was developed: (1) characteristics of the
farmer namely: age, education level, shrimp experiences, member of cooperatives, member of any
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NGOs or processing companies’ projects, (2) characteristics of the farm, such as type of production
system, farm size and size of main shrimp farm (3) dimensions of socio-spatial connectivity, (4)
perception of production risks sources, (5) adoptions of risk management strategies, and (6) risk
attitude. The questionnaire was pre-tested through a pilot survey with 9 shrimp farmers across
production systems in order to check the relevance of questions and detect ambiguous or missing
questions.
To first conceptualize the ideas of socio-spatial connectivity to farmers, we gave the farmer a
blank A4 paper (following Bottema et al. (2019).Farmers were asked to draw the common water
resource (i.e. the canal) and then show the number of surrounding farms sharing this canal with
him/her with a maximum of five farms. The A4 map was only used as a visual tool for farmer to
imagine the neighbouring farms. From that map, farmers were asked to indicate with which farms
they shared information about shrimp management (based on six topics, i.e. disease spreading
management, shrimp health status, timing of taking in water, buying of feed, selling of shrimp and
other shrimp management) and with which farms they share social participations (based on three
topics, i.e. type of daily activities, types of social activities and other non-shrimp related activities).
In addition, farmers were asked to evaluate their relationship on a three-point scale from 1 (weak), 2
(neutral), to 3 (strong).
Risk perception can be considered to consist of the combination of the subjective probability
of a risk occurring and the perceived consequential impacts (Slovic et al., 1982). Our survey assessed
both elements. Most questions about risk perception and adoption of risk management strategies are
closed questions and measured on a five point Likert-type scale (Meuwissen et al., 2001). With regard
to risk perception, farmers scored 16 production risks based on their experience on their farm in the
past two years from 1 (rarely) to 5 (frequently) for perceived probability and from 1 (very low) to 5
(very large) for perceived impact respectively. Then, the production risk scores are calculated by
multiplying the scores of probability and impact, rendering outcomes on a scale from 1 to 25. Farmers
were also asked to score their level of adoption of 46 risk management strategies in the past two years
(i.e., 2016/17), on a five-point scale from 1 (not at all) to 5 (always).
Risk attitude was measured with four business statements related to three main risk sources
and aquaculture farming in general (Bishu et al., 2018; Gebreegziabher and Tadesse Woeldesenbet,
2014; Meuwissen et al., 2001). More specifically, farmers were asked : “Please indicate your position
from 1 (= strongly disagree) to 5 (= strongly agree) on the following specific statements: I am willing
to take more risks than my colleagues with respects to (1): … production risks; (2) … marketing risks;
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(3) … financial risks; (4) … farming in general”. Risk attitude was then calculated as the average of
these four dimensions.
A3. Analytical methods
Missing data treatment
We observed that there are two potential cases of missing value and one case of zero score in our
data. First, missing values were caused by these questions that are not answered by farmers about
production risk sources because these are irrelevant for their production systems and the shrimp
species cultured in their farm. Second, missing values were caused by farmers not recognizing
whether this type of risk happened on their farms, so they cannot give the score about the probability
and the impact. A score of zero was given when farmers did not observe these risks during the
previous two years. This in turn assumed these types of production risks rarely happened in this
production system. For these reasons, we decided to replace these missing values to 1
Analytical procedures
In order to test the internal reliability of risk perception sources, sub-categories of risk management
strategies, risk attitudes, we performed Cronbach Alpha. In general, an Alpha > 0.8 is considered
good reliability and Alpha > 0.7 is considered adequate reliability (Accord, 2014).
First, exploratory factor analysis with principal component analysis for risk perception were
performed by using the perceived risk scores for reduce the list of 16 production risk sources. Only
14 production risk sources were chosen into five meaningful factors of production risks based on the
loading factors. The input quality risks related to the reliable places and the quality of feed were
dropped before conducting the SEM model. Second, the 46 risk management strategies were grouped
into 6 sub-categories of strategies by taking the mean overall risk scores in each sub-category. Based
on these 6 sub-categories of risk strategies, we ran confirmatory factor analysis with maximum
likelihood extraction method using the Satorra-Bentler estimator to confirm 2 categories of risk
management strategies namely (i) on-farm risk management strategies and (ii) risk-sharing strategies
(Hardaker et al., 2015). With regard to risk attitude, exploratory factor analysis is used to reduce
scores on the four business statements into one latent variable named risk attitude. The average score
of risk attitude is used in subsequent analyses.
In exploratory factor analysis, factors were rotated using orthogonal rotation (Varimax) to
increase the interpretability. Factors were considered with eigenvalues greater than 1 (Acock 2014).
Bartlett’s test of sphericity was found to be significant (p<0.05), suggesting that all variables have a
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correlation with the whole sample. The criteria decided for item inclusion were: communalities >0.5,
rotated factor loadings > 0.4, no two rotated factor loading >0.5 (Acock 2014). We select these items
based on the loading factors > 0.4 and significant p<0.05 (van Winsen et al., 2016). The KaiserMeyer-Olkin (KMO) measures of sample adequacy for perceived risk scores and risk attitude is used.
For testing the hypotheses, we performed a Structural Equation Model (SEM) - a technique
which allow the identification of different relationships among endogenous and exogenous variables
at the same time (Kline, 2011). After inspecting and treating missing data, our sample size had 313
observations, which is large enough to develop a model using SEM according to Kline (2011). An
investigation of the descriptive statistics under STATA 14 indicated a presence of univariate and
multivariate non-normality. Due to the essential assumption in SEM modelling about the multivariate
normality, we chose the Maximum-Likelihood estimation method under STATA 14 using the
Satorra-Bentler corrected (S-B) chi-square and fit indices performed by Levêque and Burns (2017).
This estimation method has been shown to outperform the ML-based chi-square and to measure
parameter estimates accurately (Finney and DiStefano, 2006).
Although the chi-square test has been known as the standard way to compare model fit
(Jöreskog, 1971), this test was found to be limited when using to evaluate the overall model as the
significance can be easily achieved in the large sample size (Kline, 2011). Therefore, we selected
Comparative Fit Index (CFI), the Root Mean Square of Error of Approximation (RMSEA) and the
Standardized Root Mean Square Residual (SRMR). Following the recommendation of (Accord,
2014), the value of CFI greater than 0.9 suggests an adequate fitting model, RMSEA value less than
0.06 indicates the good fit and SRMR value less than 0.05 suggests a good fit. Since we used a
Satorra_Bentler estimator, the CFI and RMSEA are based on the S-B chi-square, the SRMR is based
on the difference between the observed and the estimated correlation (Levêque and Burns, 2017).
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A4. Categories and sub-categories of risk management strategies
Category 1: On-farm strategies
Subcategory 1.1: Risk mitigation
1. Use pro-biotic (e.g. to improve shrimp digestion)
2.

Use anti-biotic (e.g., to prevent bacteria in pond)

3.

Use vitamins, mineral or other additives (e.g., to improve the health of shrimp)

4.

Use chemicals (Rotenone and chlorine, copper sulphate CuSO4,, molasses or carbohydrate) to treat
water in the culturing pond

5.

Use chemicals (Rotenone and chlorine, copper sulphate CuSO4,, molasses or carbohydrate) to treat
water in the pond preparation

6.

Observe frequently the shrimp health status (colour, digestion, liver, faces)

7.

Use herbicides to clear the weeds/grass in your farm

8.

Raise cows or use machines to clear the weeds/grass in farm

9.

Use safety strategies to prevent the attack of disease vectors

10. Self-test water quality parameters (salinity, H2S, purity) before and after taking water into farm from

the common water sources
11. Self-test water quality parameters (salinity, H2S, purity) in culturing ponds during crops
12. Self-test quality of aqua-feed based on experience (colour, taste, expiration day)
13. Make decision about the quality of shrimp PL based on own experience

Subcategory 1.2: Investment to reduce risk
14. Bring a sample of aqua-feed to the laboratory to test quality
15. Bring a sample of PL to the laboratory to test quality before stocking
16. Test the water quality parameters (salinity, H2S, purity) in culturing ponds during crops by using

water test kit
17. Test the water quality parameters (salinity, H2S, purity) before and after taking water into farm from

the common water sources by using water test kit
18. Test the water quality parameters (salinity, H2S, purity) in culturing ponds during crops by using

laboratory results
19. Test the water quality parameters (salinity, H2S, purity) before and after taking water into farm from

the common water sources by using laboratory results
20. Build an isolated place to keep expired or unused chemicals and aqua-feed
21. Build isolated place to put the sludge or sediments

Subcategory 1.3: Select less risky technology
22. Use a net to construct sunshade above shrimp pond
23. Use a synthetic membrane to line the whole pond
24. Apply highly intensive shrimp technology
25. Siphon the bottom regularly
26. Culture tilapia in settling and/or treatment pond during absence of shrimp
27. Culture tilapia in culturing pond with presence of shrimp
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Subcategory 1.4: Diversification and flexibility
28. Change species (Monodon to Vannamei or versus)
29. Reduce density of shrimp PL at the stocking times
30. Reduce feed residues in pond
31. Early harvest to reduce possible losses in response to bad conditions (i.e., risk of high mortality)

Category 2: Risk-sharing strategies
Subcategory 2.1: Collective strategies
1.

Order collectively for purchasing virus free PLs (PCR checked)

2.

Inform neighbours in case of a disease outbreak in own farm or area

3.

Share information about shrimp health status with other shrimp farmers

4.

Follow guidelines of fallow period to break disease cycles

5.

Follow guidelines of cropping calendar to stock shrimp PL from government

6.

Follow guidelines of taking in water and discharging water to the common water resource

7.

Use the list of authorized chemical and medicines and monitor correct use

8.

Cooperate to manage irrigation system to control inlet and (or) outlet water quality

9.

Buy shrimp PL via cooperatives/collectives or a member of cooperatives/collectives

10. Buy aqua-feed via cooperatives/collectives or a member of cooperatives/collectives
11. Request documents related to the origin of the shrimp PL and brood-stock

Subcategory 2.2: Risk transfer strategies
12. Credits from banks
13. Credits from kindship contribution of cooperatives
14. Credit from input, relatives, friends
15. Yield insurance
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Appendix B Chapter 2: Questionnaire survey
The questionnaire includes 6 parts, ranging from A to F.
PERCEPTION OF PRODUCTION RISK, ADOPTION OF RISK MANAGEMENT IN
SHRIMP FARMING
Insight into risk perception and risk management can contribute to developing more effective risk
management solutions. This survey is part of my PhD research at Can Tho University, in cooperation
with Wageningen University (Netherlands). The survey will take about 90 minutes to fill in. Your
cooperation is greatly appreciated. Note that there is no right or wrong answer; what matters to us is
your opinion about your farm. All information will be processed anonymously and will only be used
for this research.

Would you like to receive a summary report of the survey?
If yes, fill your name and address: _________________________________________

Date of interview

Name of enumerator

No. of questionnaire

Production system code

Respondent information:
Name of respondent
Phone number
Location

Commune:

Hamlet:

For questions about this survey, you can contact:
Ho Hong Lien, Can Tho University, College of Economics
Tel: 0939 980039, Email: hhlien@ctu.edu.vn

130 | Appendices
130
Part A: GENERAL INFORMATION OF FARMERS, COOPERATIVES OR COLLECTIVES
Farmer’s information

Unit

A.1. Year of birth of the farmer

year

A.2. Gender of farmer

M/F

A.3. What is your highest completed education level?
1. Primary school
2. Secondary school
3. High school
4. College degree
5. University degree
6. Master’s degree
A.4. Number of experience years working in shrimp farming

Choose
your
number

A.5. Are you a member of cooperative or collective?
If Yes, which cooperative/collective?
A.6. Are you part of any NGO projects?

Y/N

Your answer

years

Y/N

If yes, which NGO?
If yes, since when?
A.7. Are you part of any processing company projects?
If yes, which company?
If yes, since when?

Y/N

Part B: INFORMATION ABOUT FARM AND PRODUCTION SYSTEM CHARACTERISTICS
B.1 Total farm area (ha)
B.2. What has been your main production system in 2017 making the biggest contribution to your farm
income? Tick 9 for the main system (only 1 answer possible)
 Intensive shrimp system (or Commercial shrimp  Improved – extensive system.
system)
Choose:  In rice – shrimp
 monoculture shrimp
 Semi-intensive
 Integrated mangrove shrimp
Choose:  Rice – shrimp
In which: Mangrove ratio:  30%  40%  50%
 Monoculture shrimp
Mangrove position in your farm:
 Inside
 Outside
B.3. Total shrimp area for main system (ha)
B.4. Which shrimp species do you have?
(Tick 9 for your answers)

 Vannamei

 Monodon
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Part C: GEOGRAPHICAL NETWORK (use blank A4 paper on next page)
Questions
Your answer:
D.1. Please draw your farm
Answer on blank sheet
D.2. Please draw the common water
resources from which you take water in
and discharge water (river, canal)

Answer on blank sheet

D.3. Please draw the other farms in your
neighbourhood who use the same
common water resources (canal, river)
(Max 5 other farms)

Answer on blank sheet
Farms using same water resources
Farm 1

Farm 2

Farm 3

Farm 4

Farm 5

1.

1.

1.

1.

1.

2.

2.

2.

2.

2.

3.

3.

3.

3.

3.

D.4. Which farmer do you talk to about:
(1) disease spreading management
(2) shrimp health status
(3) timing of water intake or release
(4) buying of feed
(5) selling of shrimp
(6) Other farm management issues
D.5. Besides the above issues, do you talk
with these surrounding farms for other
reasons (i.e., same hobbies, same kid’s
school). If so, list 3 reasons.
D.6. How do you evaluate your
relationship with these farms?
(Choose 1=Weak, 2= neutral, 3= Strong)
D.7. How long does it take you to visit
these surrounding farms from your farm?
Answer in minutes.

1

2

3

1

2

3

1

2

3

1

2

3

1

2

3
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FARM MAP

2
2
2

1
1
1

4. Shrimp slow growth (note S or V)
5. Increased water temperature in pond (higher or lower than usual = 25-30
degree)
6. Shrimp concentrates near water surface, edges of ponds, near position
where water comes in
7. Increase in water salinity in pond (above 30ppt)

17. Other risks:

15. Low quality of shrimp post larvae among crops and ponds (i.e., % of
survival rate, % of successful crop)
16. Lack of reliable places to buy shrimp PL

8. Fast drop in water salinity in pond (below 5-8 pp)
9. The changes of water color in pond from light green to no green color
(causing algae’s decrease and leading pH decrease under 7.5)
10. The changes of water color in pond from light green to dark green (causing
algae’s blossom and leading pH increase above 8.5)
11. The water pollution discharging from other sectors (agriculture, livestock,
industry) into your common water resource (canal)
12. Excessive waste at the bottom of the pond (caused by uneaten feed, dead
phytoplankton, prawn facet)
13. Low quality of aqua-feed (i.e., taste, color, % of protein, degree of
humidity, degree of compression of aqua-feed)
14. Lack of reliable places to buy aqua-feed

2

1
1

3. Disease outbreak after four months stoking (note S or V)

2
2
2

1
1
1

2
2

2

1

2

2

1

1
1

2

1

1

2

1

2

2

1

2. Disease outbreak in the 2nd to 3rd month after stoking (note S or V)

2

1

Rarely

2

1. Disease outbreak in the 1st month after stocking (note S or V)

With question 1-4, separate for Monodon (S) and Vannamei (T), i.e., S3, T2

1

3
3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

4
4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

Frequently

4

5
5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Very low

1

2
2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

3
3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

5

4
4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

5
5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

Very large

4

PART D. PERCEPTION OF PRODUCTION RISK AND PERCEIVED CONTROL LEVEL REGARDING YOUR MAIN PRODUCTION SYSTEM
E.1. How often has this risk happened on your E.2. If the risk happened on your
farm in the past 2 years 2016 and 2017?
farm, what were the losses caused?
Give your score from 1 = Rarely to 5 =
Give your score from 1 = Very low to 5
Production risk
Frequently,
= Very large
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10.

9.

Observe frequently the shrimp health status (color, digestion, liver, feces)
Sharing information about shrimp health status with other shrimp farmers
11. Follow the guidelines of fallow period to break disease cycles
12. Follow guidelines of cropping calendar to stock shrimp PL from government
13. Follow the guidelines of taking in water and discharging water to the common water resource
14. Use the list of authorized chemical and medicines and monitor correct use
15. Use herbicides to clear the weeds/grass in your farm
16. Raise cows or use machines to clear the weeds/grass in your farm
17. Use safety strategies: Use nets to cover area around the culturing ponds, farm; wire, dummy guy, use filter bag at the inlet
water gate
18. Use net to construct the sunsades above shrimp pond
19. Use a synthetic membrane to line the whole pond (include the bottom or not)
20. Apply highly intensive shrimp technology
21. Culture tilapia in settling and/ or treatment pond in the absence of the shrimp
22. Culture tilapia in culturing pond with the presence of the shrimp

8. Reduce density of shrimp PL at the stocking times

7. Inform to your neighbouring whenever disease outbreaks occurring in own farm or area

6. Use chemicals (Rotenone and chlorine, copper sulfate CuSO4,, molasses or carbohydrate) to treat water in the pond preparation

5. Use chemicals (Rotenone and chlorine, copper sulfate CuSO4,, molasses or carbohydrate) to treat water in the culturing pond

4. Use vitamins, mineral or other additives (e.g., to improve the health of shrimp)

3. Use anti-biotic (e.g., to prevent bacteria in pond)

2. Use pro-biotic (e.g. to improve shrimp digestion)

1. Collective orders for buying virus free PLs (PCR checked)

Practices and activities

PART E: ADOPTION OF PRODUCTION RISK MANAGEMENT STATEGIES

2
2
2
2
2
2

1
1
1
1
1
1

3
3
3
3
3

3

4
4
4
4
4

4

5
5
5
5
5

5

F.1. To what extent have you been
using the following practices in the
past 2 years (2016 and 2017) to
manage production risks?
Not at all
Always
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
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Siphon the bottom regularly
Test the water quality parameters (salinity, H2S, purity) before and after taking water into your farm from the common water
sources
 By experiences
 Based on the result of water test kit
 Based on laboratory results
25. Test the water quality parameters (salinity, H2S, purity) in your culturing ponds during crops
 By experiences
 Based on the result of water test kit
 Based on laboratory results
26. Cooperate to manage irrigation system to control inlet and (or) outlet water quality
27. Reduce feed residues in pond
28. Build an isolated place to keep expired or unused chemicals and aqua-feed
29. Build isolated place to put the sludge or sediments
30. Buy aqua-feed via cooperatives/collectives or a member of cooperatives/collectives
31. Test the quality of aqua-feed based on experiences (based on color, taste, expired day)
32. Bring a sample of aqua-feed to the lab to test quality
33. Buy shrimp PL via cooperatives/collectives or a member of cooperatives/collectives
34. Bring a sample of PL from the hatcheries or retailers to test quality before stocking
35. Make decision about the quality of shrimp PL based on shrimp experiences
36. Request the documents related to the origin of the shrimp PL and brood-stock
37. Change species (Monodon to Vannamei or versus)
38. Early harvest to cut possible losses in response to severe condition (i.e., risk of high mortality events)
39. Credits from banks
40. Credits from kindship contribution of cooperatives
41. Credits from input suppliers, relatives, friends
42. Yield insurance
43. Others:

23.

24.

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

4
4
4
 No
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

4

1
1
1
 Yes
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

3
 No

2

 Yes

1

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

5
5
5

5
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PART F: RISK ATTITUDES MEASUREMENT
Please indicate your position from 1 (= strongly disagree) to 5 (= strongly agree) on the following specific
statements
"I am willing to take more risks than my
colleagues with respects to:

Tick 9 for only 1 answer for each statement
Strongly
disagree

Strongly
agree

1. …. production risk

1
1

2
2

3
3

4
4

5
5

2. … marketing risk

1

2

3

4

5

3. … financial risk

1

2

3

4

5

4. … farming in general

1

2

3

4

5

Thank you very much for your cooperation!

7.86
6.53
1.33
1.35
1.45
1.46
1.46
1.12
2.38
0.30
1.42
1.37
0.87
2.16

12.85
10.06
2.09
2.13
1.63
1.58
1.72
0.91
2.78
0.03
1.62
1.13
2.77
3.01

SD

2.65
3.16

12.96
10.02
2.14
2.27
1.53
1.71
1.35
1.02
2.94
0.12
1.65
1.18

Mean

0.98
3.67

7.88
6.09
1.33
1.22
1.45
1.29
1.44
1.12
2.74
0.62
1.40
1.44

SD

Semi-intensive

3.00
3.06

13.41
10.61
2.23
2.51a
1.57
1.60
1.76
0.94
2.80
0.22a
1.61
0.97

Mean

0.82
2.76

7.25
5.61
1.36
1.14
1.41
1.46
1.44
1.12
2.45
0.74
1.42
1.38

SD

Improved- extensive

Production systems

2.50a
3.67

10.46
8.07
1.57a
1.89
1.28
1.15
1.35
0.83
2.39
0.00
1.33
1.07

0.59
3.02

6.29
5.20
1.26
1.18
1.33
1.26
1.37
1.08
1.98
0.00
1.21
1.25

SD

Integrated mangrove

Mean

2.80
3.15

12.73
9.97
2.07
2.27
1.54
1.54
1.62
0.93
2.76
0.11
1.58
1.07

Mean

Total

0.85
2.80

7.45
5.96
1.34
1.24
1.41
1.41
1.44
1.11
2.41
0.55
1.38
1.37

SD

2.1. Social connectivity ratio
0.46
0.24
0.48
0.22
0.47
0.24
0.43
0.24
0.46
0.24
2.2. Spatial connectivity ratio
0.84
0.14
0.83
0.22
0.85
0.14
0.82
0.15
0.84
0.15
3. Socio- spatial index (SSI)
0.65
0.15
0.65
0.16
0.66
0.14
0.62
0.14
0.65
0.15
a
Significantly different at 5% compared to intensive production system. 1 Non-shrimp activities are topics shared about rice farming, grocery trade, and other individual business.
h
l l i

 Non-shrimp activities1
 Daily activities
 Social activities
1.2. Spatial connectivity dimension
1.2.1. Number of farms sharing common water sources
1.2.2. Average distance (in ‘motorbike minutes’)
2. Socio–spatial index dimension

 Disease spread
 Shrimp health status
 Timing of water intake
 Feed purchase
 The selling price of shrimp
 Other shrimp management issues
1.1.2. Social participation

1. Socio–spatial connectivity dimensions
1.1 Social connectivity dimension
Number of shared topics
1.1.1. Shrimp management

Mean

Intensive

Table C.1: Components of socio-spatial connectivity and SSI across production systems
Source: Author’s calculation
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Obs

Combined disease
and water risk
DWR
0.49
0.20
-0.12
0.53
0.70
0.60
0.19
0.30
0.19
0.43
-0.07
0.09
0.37
-0.06
3.74
13.70
13.70

Disease risk

Note: Bold numbers are loading factors above 0.4

DR
1st month disease outbreak
313
0.18
2nd and 3rd month disease outbreak
313
0.79
4th month disease outbreak
313
0.74
Slow growth shrimp disease
313
0.54
Fluctuation of water temperature
313
-0.03
Low dissolved oxygen
313
0.16
Increase in water salinity in pond
313
-0.01
Fast drop in water salinity in pond
313
-0.03
Algae blossom
313
0.11
Algae death
313
0.21
Pollution in common water resources
313
0.23
Excessive waste in pond
313
0.13
Low quality of shrimp post larvae
313
0.15
Lack of PL reliable places to buy
313
0.01
Eigenvalue
1.27
% of variance explained
13.23
Cumulative % of variance explained
26.93
Bartlett’s Test of sphericity
chi 2 (91)
781.48
Model fit indices: S-B Ȥ2 = 584.889 (p< 0.0001), df = 91, RMSEA_SB = 0.038 and SRMR = 0.044.

Perceived risk scores
W1R
0.11
-0.01
0.32
0.00
0.27
0.25
0.08
0.50
0.74
0.28
0.08
0.82
-0.03
0.22
1.10
11.92
38.85
Prob > chi2

Controlled water risk
IR
0.35
0.07
0.02
0.14
0.03
0.00
-0.05
-0.03
0.02
0.13
0.33
0.22
0.66
0.81
1.04
10.06
48.91

Input risk

Exploratory factor analysis

Table C.2: Result of exploratory and confirmatory factor analysis for production risk perceptions

W2R
-0.24
0.07
0.08
-0.04
0.15
0.28
0.78
0.11
0.20
0.24
0.63
-0.03
0.20
-0.02
1.02
9.51
58.42
0.0000

Uncontrolled water risk
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Table C.3: Result of exploratory and confirmatory factor analysis of risk attitude
I am willing to take more risks than my colleagues with
respects to
1. Production risk

Risk attitude

Alpha

KMO

0.88

0.87

0.83

2. Marketing risk

0.82

0.90

0.90

3. Financial risk

0.86

0.88

0.82

4. Farming in general

0.94

0.83

0.73

0.90

0.81

826.87

Prob>chi2 =0.0000

Overall
Eigenvalue

3.01

Total variance

76.85%

Bartlett’s Test of sphericity

Chi2 (6)

Model fit indices: S-B Ȥ2 = 713.123 (p< 0.0001), df = 6, RMSEA_SB = 0.041, CFI_SB = 1.000 and SRMR = 0.014

Table C.4: Result of confirmatory factor analysis of risk management strategies

Risk management strategies

On-farm risk management
strategies (OFRMS)

Risk avoidance by experience

0.82

Risk avoidance by applying less risky
technology

0.55

Flexibility and de-intensification

0.56

Risk avoidance by investment

0.79

Risk-sharing strategies
(SS)

Collective strategies

0.85

Risk-transfer strategies

0.28

Model fit indices: S-B Ȥ2 = 563.540 (p< 0.0001), df = 15, RMSEA_SB = 0.052, CFI_SB = 0.99 and SRMR = 0.023
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Appendix D Chapter 3: List of tables
Table D.1: List of respondents
Location in Vietnam
Cai Nuoc, CM
Hoa Binh, Bac Lieu

Long Hai, Bac Lieu

My Xuyen, Soc Trang

Can Tho
Skype
Skype
Bac Lieu
Bac Lieu

Respondents
Head of Cooperative
ASC Farmers
ASC Farmers
Head of Cooperative
ASC Farmers
ASC Farmers
ASC farmer
Head of Cooperative
Leader of farmer’s group
ASC Farmer
ASC Farmer
Local input distributor
Head of Cooperative
Leader of farmer’s group
Farmers
Farmers
Farmers
Secretary
Local distributor
NGO - WWF
NGO - ASC
NGO – Fairagora Asia -VerifiK8
Processing company
Local hatchery

Code
Interview #1
Interview #2
Interview #3
Interview #4
Interview #5
Interview #6
Interview #7
Interview #8
Interview #9
Interview #10
Interview #11
Interview #12
Interview #13
Interview #14
Interview #15
Interview #16
Interview #17
Interview #18
Interview #19
Interview #20
Interview #21
Interview #22
Interview #23
Interview #24

Appendices

Table D. 2: List of structured interview questions
Interview topic list
1. Social network mapping.
1.1. Mapping in detail the
social networks around
shrimp farmers in different
stages

Questions
1.1.1. Estimate how many people are involved in these stages:
(i) Collective input purchase
(ii) Stocking
(iii) Growing-out

1.1.2. Who are they? Provide name and their role(s).
1.2.1. What type of information do you share?
1.2.2. How and where do you share information with these people?
1.2.3. How often do you meet these people to share farm information?
1.2.4. Why do you share your farm information with them?
2. Performance of information practices.
2.1. The written/unwritten
2.1.1. What are the written rules and norms to structure these practices?
rules and norms to
2.1.2. What are the unwritten rules and norms to structure these practices?
structure these practices
1.2. Describing
information practices used
among the social network

2.2. The meanings and
general understanding on
what the practice is about

2.2.1. Why do you use these information practices for sharing information?
2.2.2. What are meanings of using those information practices?
2.2.3. What are your aspirations when using these information practices?

2.3. The skills and
competences needed to
perform the practice

2.3.1. What are the required skills and techniques for these information
practices?
2.3.2. Where did you learn them from?

2.4. The material objects
and infrastructures
that constitute the practice

2.4.1. Identification/observation of materials involved in practice.
2.4.2. What are the basic versus add-on materials?
2.4.3. What are the identification bodies and technologies involved in the
information practices?
2.5. Goal orientation
2.5.1. What are the objectives of using these information practices?
2.5.2. Do you have any livelihood alternatives and future plans when using
these practices?
3. Embeddedness of information practices in farm management practices. Ask for each stage.
3.1. Collective
input 3.1.1. How/why do you use information practices?
purchase
3.1.2. What are the influences of these information practices on the farm
3.2. Stocking
practices?
3.3. Growing-out
3.1.3. What do you think about these influences? (suitable or not suitable for
your daily farm practices?)
3.1.4. Did you change your farm management practices?
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Minimum

Prevalence
(English

Most likely

workshop)

Maximum
Prevalence
(Vietnamese
workshop)

Mortality
(English
workshop)

Mortality
(Vietnamese
workshop)
Synchronisation

Information sharing

Combination

Figure E.1: Results of expert parameter elicitation for WSD

Minimum

Prevalence
(English
workshop)

Most likely
Maximum

Prevalence
(Vietnamese
workshop)

Mortality
(English
workshop)

Mortality
(Vietnamese
workshop)

Synchronisation

Information sharing

Figure E.2: Results of expert parameter elicitation for AHPND

Combination
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WSD - Synchronisation scenario - Vietnamese workshop
Spearman Rank Correlation Coefficients

WSD - Synchronisation scenario - English workshop
Spearman Rank Correlation Coefficients

Times of crop / SYN

0.63

SYN Yield reference crop 1 VN

WSD SYN prevalence rate crop 1

WSD SYN prevalence rate crop 2 VN

SYN Yield reference crop 3 VN
Average shrimp price crop 3
WSD SYN prevalence rate crop 3 VN

SYN Prevalence rate reference crop 1

0.03

0.04

WSD SYN mortality rate crop 2

0.02

WSD SYN mortality rate crop 3

0.02

Average shrimp price crop 3

0.02

WSD SYN prevalence rate crop3

0.1

0.2

0.3

0.4

0.5

0.6

0.7

WSD - Information sharing scenario - Vietnamses workshop
Spearman Rank Correlation Coefficients
Times of crop / IS

0.65

0.07

IS Mortality rate reference crop 1

WSD IS prevalence rate crop 2 VN

0.07

WSD IS prevalence rate crop 2

0.05
0.04

IS Yield reference crop 3 VN

IS Mortality rate reference crop 2

0.03

0.03

WSD IS prevalence rate crop 3
IS Mortality rate reference crop 3
WSD IS mortality rate crop 3

0.1

0.2

0.3

0.4

0.5

0.6

0.7

WSD - Combination scenario- English workshop
Spearman Rank Correlation Coefficients
0.65

0.7

0.27
0.17

WSD COM prevalence rate crop 1 VN

0.12

WSD COM mortality rate crop 1 VN

0.07

0.09

COM Mortality rate reference crop 1 VN

0.06

0.08

0.04

COM Mortality rate reference crop 2 VN

0.05

WSD COM mortality rate crop 1

0.03

WSD COM mortality rate crop 2 VN

0.05

0.07

COM Prevalence rate reference crop 1 VN

0.02

COM Mortality rate reference crop 3
0.02

0.05

WSD COM prevalence rate crop 3 VN

0.02

COM Prevalence rate reference crop 2 VN

0.02

COM Yield reference crop 3 VN

0.01

0.02

WSD COM mortality rate crop 3 VN

0.01

0.0

0.6

0.63

COM Mortality rate reference crop 2

Average shrimp price crop 3

0.5

0.47

WSD COM prevalence rate crop 2 VN

WSD COM mortality rate crop 3

0.4

0.30

0.04

WSD COM prevalence rate crop 3

0.3

Times of crop / COM

Average shrimp price crop 2

0.16
0.12

COM Prevalence rate referencee crop 2

0.2

Average shrimp price crop 1

0.27

Average shrimp price crop 2

0.1

COM Yield reference crop 2 VN

0.28

Average shrimp price crop 1

0.0

COM Yield reference crop 1 VN

0.48

COM Yield reference crop 2

0.01
-0.01

-0.1

WSD – Combination scenario – Vietnamese workshop
Spearman Rank Correlation Coefficients

Times of crop / COM
COM Yield reference crop 1

WSD COM prevalence rate crop 2

0.02
-0.01

Average shrimp price crop 3

0.02
-0.02

COM Mortality rate reference crop 1

0.06
0.04
0.04

0.03

WSD COM prevalence rate crop 1

0.06

IS Prevalence rate reference crop 1

0.03

0.0

0.28
0.15
0.09

IS Prevalence rate reference crop 2

WSD IS Mortality rate crop 2 VN

-0.1

0.7

0.07

IS Prevalence rate reference crop 2 VN
Average shrimp price crop 3

0.6

0.47

WSD IS mortality rate crop 1

0.06

WSD IS Mortality rate crop 1 VN

0.5

0.65

IS Mortality rate reference crop 1 VN
IS Mortality rate reference crop 2 VN

0.4

0.28

WSD IS prevalence rate crop 1

0.10

IS Prevalence rate reference crop 1 VN

0.3

Times of crop / With uncertainty

Average shrimp price crop 2

0.17

WSD IS prevalence rate crop 1 VN

0.2

IS Yield reference crop 2

0.27

Average shrimp price crop 2

0.1

Average shrimp price crop 1

0.29

Average shrimp price crop 1

0.0

IS Yield reference crop 1

0.48

IS Yield reference crop 2 VN

0.01

WSD - Information sharing scenario – English workshop
Spearman Rank Correlation Coefficients

IS Yield reference crop 1 VN

COM Prevalence rate reference crop 1

0.02
0.02

SYN Yield reference crop 3

0.01

0.0

IS Mortality rate reference crop 3 VN

0.03

0.04

0.03

SYN Prevalence rate reference crop 2 VN

0.06

WSD SYN mortality rate crop 1

0.05

WSD SYN Mortality rate crop 2 VN

0.07
0.06

SYN Mortality rate reference crop 2

0.05

SYN Mortality rate reference crop 2 VN

0.16

WSD SYN prevalence rate crop 2
SYN Mortality rate reference crop 1

0.06

SYN Prevalence rate reference crop 1 VN

0.16

WSD SYN prevalence rate crop 1

0.13
0.08

WSD SYN Mortality rate crop 1

0.26

Average shrimp price crop 2

0.17

SYN Mortality rate reference crop 1 VN

0.28

Average shrimp price crop 1

0.27

Average shrimp price crop 2

0.64
0.47

SYN Yield reference crop 2

0.30

Average shrimp price crop 1

Times of crop / SYN
SYN Yield reference crop 1

0.47

SYN Yield reference crop 2 VN
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Figure E.3: Sensitivity analysis of WSD
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AHPND- Synchronisation scenario - English workshop
Spearman Rank Correlation Coefficients

AHPND - Synchronisation scenario- Vietnamese workshop
Spearman Rank Correlation Coefficients

Times of crop / SYN

0.64

SYN Yield reference crop 1
SYN Yield reference crop 2
Average shrimp price crop 2

0.27

SYN Yield reference crop 2 VN

0.27

Average shrimp price crop 1 VN

AHPND SYN mortality rate crop 1

SYN Mortality rate reference crop 1

0.03

SYN Mortality rate reference crop 2 VN

0.03

AHPND SYN prevalence rate crop 3 VN

SYN Yield reference crop 3

0.03

SYN Yield reference crop 3 VN

0.1

0.2

0.3

0.4

0.5

0.6

0.7

AHPND - Information sharing scenario - Vietnamese workshop
Spearman Rank Correlation Coefficients
0.64

IS Yield reference crop 2 VN

AHPND IS mortality rate crop 1 VN

0.07

0.11
0.09
0.08

AHPND IS prevalence rate crop 2

0.04

IS Mortality rate reference crop 2

0.04

IS Prevalence rate reference crop 1

0.06
0.05
0.04

IS Prevalence rate reference crop 2
0.00
0.00

-0.1

0.29
0.18

AHPND IS mortality rate crop 2

IS Mortality rate reference crop 2 VN

Average shrimp price crop 3 VN

0.03

IS Mortality rate reference crop 3

0.02

Average shrimp price crop 3

0.02

IS Prevalence rate reference crop 3

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

AHPND - Combination scenario - Vietnamese workshop
Spearman Rank Correlation Coefficients
0.63

COM Yield reference crop 2 VN

0.13

Average shrimp price crop 2

AHPND COM mortality rate crop 1 VN

0.13

AHPND COM prevalence rate crop 1

0.27

0.16
0.11
0.10
0.08

AHPND COM prevalence rate crop 2

0.05

0.06

COM Mortality rate reference crop 2

0.05

0.03

COM Prevalence rate reference crop 2 VN

0.02

COM Yield reference crop 3

0.02

COM Mortality rate reference crop 3 VN

0.02

COM Prevalence rate reference crop 3

0.01

COM Yield reference crop 3 VN

-0.1

COM Prevalence rate reference crop 1

0.02

Average shrimp price crop 3

-0.01

COM Mortality rate reference crop 3

0.0

0.1

0.2

0.3

0.4

0.7

0.26

COM Prevalence rate reference crop 1 VN

COM Prevalence rate reference crop 3 VN

0.6

0.17

COM Mortality rate reference crop 1

0.08
0.06

COM Mortality rate reference crop 2 VN

0.5

0.64

AHPND COM mortality rate crop 2

0.10

AHPND COM mortality rate crop 2 VN

0.4

0.48

COM Yield reference crop 2

AHPND COM prevalence rate crop 1 VN

AHPND COM prevalence rate crop 2 VN

0.3

Times of crop / COM

AHPND COM mortality rate crop 1

0.16

COM Mortality rate reference crop 1 VN

0.2

Average shrimp price crop 1

0.27

Average shrimp price crop 2 VN

0.1

COM Yield reference crop 1

0.47
0.28

Average shrimp price crop 1 VN

0.02

0.0

AHPND - Combination scenario- English workshop
Spearman Rank Correlation Coefficients

Times of crop / COM
COM Yield reference crop 1 VN

0.7

0.15

IS Mortality rate reference crop 1

IS Prevalence rate reference crop 1 VN
-0.01

0.6

0.64

AHPND IS prevalence rate crop 1

0.10

IS Prevalence rate reference crop 3 VN

0.5

0.45

Average shrimp price crop 2

0.07

AHPND IS mortality rate crop 2 VN

0.4

0.29

Average shrimp price crop 1

0.08

AHPND IS prevalence rate crop 2 VN

0.3

Times of crop / With uncertainty

AHPND IS mortality rate crop 1

0.16
0.13

IS Mortality rate reference crop 1 VN

0.2

IS Yield reference crop 2

0.27

Average shrimp price crop 2 VN
AHPND IS prevalence rate crop 1 VN

0.1

IS Yield reference crop 1

0.46
0.27

-0.01

0.01
0.01

0.0

AHPND - Information sharing scenario - English worshop
Spearman Rank Correlation Coefficients

Times of crop / IS
IS Yield reference crop 1 VN
Average shrimp price crop 1 VN

IS Yield reference crop 3 VN

0.03
0.03
0.02

Average shrimp price crop 3 VN

0.02

0.0

AHPND IS prevalence rate crop 3 VN

0.05
0.03

SYN Prevalence rate reference crop 2 VN

0.03

Average shrimp price crop 3
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AHPND SYN prevalence rate crop 2 VN
SYN Prevalence rate reference crop 1 VN
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SYN Prevalence rate reference crop 1
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SYN Mortality rate reference crop 1 VN
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SYN Prevalence rate reference crop 2
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AHPND SYN mortality rate crop 2 VN

0.07

SYN Mortality rate reference crop 2

0.13

AHPND SYN prevalence rate crop 1 VN

0.10

AHPND SYN prevalence rate crop 2 (J29)

0.28
0.28
0.17

AHPND SYN mortality rate crop 1 VN

0.13
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AHPND SYN mortality rate crop 2

0.46

Average shrimp price crop 2 VN
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Figure E.4: Sensitivity analysis of AHPND
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Appendix F Chapter 4: List of tables
Table F.1: Annual WSD expected yield losses in the farm-based scenario and three cooperation
scenarios for a hypothetical area of 1,000 shrimp farms (in 1,000,000 VND)
Scenario

English
workshop

Vietnamese
workshop

5th
percentile

95th
percentile

Mean

SD

Farm-based

886,888

465,299

226,970

1,723,534

Synchronisation

359,917

195,839

91,104

716,210

Information sharing

453,499

240,348

114,664

887,529

Combination

402,990

212,400

103,096

788,880

Synchronisation

282,959

150,637

72,112

559,089

Information sharing

341,339

183,243

85,902

670,218

Combination

213,315

114,801

52,582

423,138

Table F.2: Annual AHPND expected yield losses in the farm-based scenario and three cooperation
scenarios for a hypothetical area of 1,000 shrimp farms (in 1,000,000 VND)
Scenario

English
workshop

Vietnamese
workshop

Mean

SD

5th
percentile

95th
percentile

Farm-based

519,159

165,023

273,631

812,059

Synchronisation

299,748

164,631

73,801

604,363

Information sharing

405,977

218,450

99,901

797,879

Combination

267,621

147,382

65,548

530,910

Synchronisation

193,187

106,422

45,865

392,032

Information sharing

285,185

152,896

71,180

566,609

Combination

164,152

90,312

39,291

329,724
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Summary

146

Summary
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Summary
Aquaculture is a risky industry among others due to exposure to weather extremes and its dependence
on surrounding environment. Joint risk-sharing solutions, such as risk pooling, mutual insurance and
certification programs can incentivize good risk management and eventually reduce the risk.
However, such solutions are often hampered by problems of systemic risks and information
asymmetry. As a consequence, insurance companies withdrew from aquaculture industry. However,
the systemic nature of production risks transcending open-system farm boundaries and information
asymmetry cannot be dealt with at the individual farm; instead, they require a beyond farm
management approach.
There are multiple beyond farm management approaches, which can be grouped broadly into
economic approaches, ecosystem approaches and landscape approaches. They vary from individual
approaches, starting from the farm-level to more specifically defined area or landscape approaches,
which take the area-level as a starting point. To reduce the problems of systemic risks and information
asymmetry, current attention focuses mostly on top-down strategies such as clusters, group
certification and/or aquaculture improvement, bottom-up strategies thriving on farmers’ social ties
and joint responsibility to reduce risk through beyond farm management get little attention. However,
the top-down nature of these various approaches forgoes to build on the existing social relations and
common understanding of risks among farmers. This raises the question whether bottom-up
management can lead to beyond farm approaches with higher intrinsic motivations of farmers to
collaborate and thus to more effective ways of dealing with the problems of systemic risks and
information asymmetry – so widely apparent in aquaculture.
The purpose of this thesis is therefore to explore how beyond farm management enables to
address systemic risks and information asymmetry. Three analytical dimensions are used for the
exploration: socio-spatial connectivity, shared information practices and beyond farm cooperation
strategies. Central to each dimension is that social relationships play a role and that there is some
degree of common understanding of risks. This thesis hypothesises that more social relations and
common understanding of risks reduce the problems of systemic risks and information asymmetry.
Vice versa, more individualization is hypothesised to lead to higher levels of systemic risks and
information asymmetry.
In order to explore how beyond farm management enables to address systemic risk and
information asymmetry, this thesis uses various quantitative and qualitative methods to collect and
analyse data.
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Chapter 2 develops a socio-spatial index (SSI) that enables the objective definition of areabased management based on the spatial extent of the social connectivity of shrimp farmers. The
chapter explores how the SSI translates into individual and shared risk behaviour by using structural
equation modelling. Data for chapter 2 is collected through a structured farmer survey, which was
carried out from November to December 2018 in Ca Mau, Bac Lieu and Soc Trang in Vietnam; the
main shrimp producing provinces in the Mekong Delta. Four production systems were included in
the sample: intensive shrimp system, semi-intensive shrimp system, improved extensive shrimp and
integrated mangrove – shrimp system. This chapter used a structural equation model (SEM) as a
technique which allows to identify relationships among endogenous and exogenous variables. The
motivation for applying a SEM model is to get a richer understanding about how socio-spatial
connectivity impacts farmers’ perception of production risks and how they make their decisions to
adopt individual and shared risk management strategies. The results indicate that the SSI provides a
generic measure for the socio-spatial extent of area-based aquaculture management and a specific
means of determining the probability of farmers adopting shared mitigation strategies related to key
risks like disease.
Chapter 3 explores changes in the performance and embeddedness of information practices
performed by small-holder farmers in Vietnamese shrimp aquaculture in response to private
sustainability interventions. The data collection for chapter 3 is conducted in three ways. First, a mix
of participation observation and practical learnings by taking apprentice role are used to observe the
performance of shared practices. This enables a thick description of why and how farmers conduct
information practices, i.e., with whom, with what language, and where, and with what links to nonaquaculture practices. Second, data is collected through semi-structured interviews with farmers in
the same provinces as above and with other stakeholders. Interviews were held from July to August
2019. Third, information from the interviews is triangulated through document analysis, with
documents from websites, brochures, certification standards and reports. This chapter applies a social
practice-based framework to examine situated and routinized behaviour. The analysis both ‘zooms
in’ on specific performances of actual practices and ‘zooms out’ on linkages between practices over
time and space is employed. In doing so information practices among shrimp farmers are identified
and situated in the everyday sayings and doings of shrimp farming. Finally, these everyday practices
are compared with the demands placed on farmers by international monitoring programs providing
sustainability assurance to international markets. A comparison is then made between existing and
expected practices of collecting, collating and communicating information on the risks associated
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with shrimp farming. Results demonstrate how these reporting methodologies are not aligned to the
performance and embeddedness of existing information practices, and how this misalignment has
undermined their function and performance. The chapter concludes that a better understanding of
information practices offers important insights for redesigning these reporting interventions and, in
doing so, better support both the goals of farmers and the improvement of shrimp sustainability. These
observations hold implications for improving the impact of informational interventions for not only
shrimp production but small-holder production in a range of food sectors.
Chapter 4 assesses the impact of various forms of cooperation among Vietnamese farmers on
yield risks caused by two infectious shrimp diseases: white spot disease (WSD) and acute
hepatopancreatic necrosis disease (AHPND). In this chapter, two different data sources are used. Data
for the farm-based scenario comes from literature. Data for the cooperation scenarios is collected
through expert elicitation in two online workshops held in May 2022. This chapter develops a
stochastic simulation model to simulate shrimp farming yield risks. Results provide a relative
comparison of yield losses caused by both diseases comparing a baseline scenario in which farmers
do not cooperate and three cooperation scenarios with varying degrees of synchronisation and
information sharing across farms. The model mimics yield losses for a hypothetical area of 1,000
shrimp farms in the Mekong Delta. The results show lower expected yield losses in all three
cooperation scenarios in comparison with the farm-based scenario. More fundamentally, the results
provide insights into the value of synchronisation and information sharing practices to mitigate yield
losses. Although these scenarios have not yet fully emerged in shrimp aquaculture, this chapter
discusses their potential to reduce systemic risks in aquaculture thereby potentially incentivising the
reintroduction of risk-sharing mechanisms, such as insurance.
Chapter 5 discusses how group-based contracts can positively affect the feasibility of risksharing solutions. In this chapter, information comes from literature. Building on empirical studies
from diverse agri-food sectors an overview of cooperation strategies and opportunities for risksharing solutions is composed. The review shows that, albeit at early stage, innovations emerge from
among others linking up to formal finance markets and negotiating better risk-sharing deals with
upstream and downstream value chain actors. Developing towards more group-based contracts is
expected to enhance inclusion. A research agenda for risk-sharing via groups is also identified.
Chapter 6 synthesizes the findings of the four research chapters. The chapter concludes with
providing policy and business recommendations, research limitations and avenues of future research.
The main conclusions of this thesis are summarized as follows:
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1. The socio-spatial index (SSI) provides an objective measure to determine the spatial extent of
shared risk management in a given farming area or landscape (Chapter 2).
2. The SSI has a positive relation with risk perception and the adoption of on-farm and shared
risk management strategies (Chapter 2).
3. The self-reporting methodologies and technological demands of private sustainability
programs are misaligned with the performance and the embeddedness of existing information
practices of small-holder shrimp farmers in Vietnam (Chapter 3).
4. The scale, space and rhythm of information practices and the presence of intermediators are
key elements to effectively address the issue of information asymmetry in the Vietnamese
aquaculture industry (Chapter 2 and 3).
5. Cooperation strategies in which farmers from the same social network synchronise shrimp
farming practices and collaboratively share information, is expected to substantially reduce
yield losses caused by the infectious white spot disease (WSD) and acute hepatopancreatic
necrosis disease (AHPND) (Chapter 4).
6. The socio-spatial connectivity dimension contributes to understanding farmer risk behaviour
as it captures the amount of information sharing and network particularities building on trust,
reciprocity and the relationship amongst farmers and between farmers and actors involved in
the shrimp chain (Chapter 2, 3 and 4).
7. Cooperation strategies built on social networks drive intrinsic motivation for joint risk
management, thereby reducing systemic risks and information asymmetry, and in turn,
stimulating the potential for group-based risk sharing solutions (Chapter 5).
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