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REPORT                             

Can cooperation reduce yield risks associated with 
infectious diseases in shrimp aquaculture in Vietnam?

Ho Hong Liena,b,c , Yann de Meya , Dang Kieu Nhanc , Simon Bushd 

, and Miranda P.M. Meuwissena 

aBusiness Economics Group, Wageningen University & Research, Wageningen, the Netherlands; 
bDepartment of Accounting and Auditing, College of Economics, Can Tho University, Can Tho, 
Vietnam; cMekong Delta Development Research Institute, Can Tho University, Can Tho, Vietnam; 
dEnvironmental Policy Group, Wageningen University & Research, Wageningen, the Netherlands 

ABSTRACT 
Infectious diseases are a major threat to Asian shrimp aquacul-
ture, as they proliferate at system level rather than only the 
individual level. We assess the impact of various forms of 
cooperation among Vietnamese farmers on yield risks caused 
by white spot disease and acute hepatopancreatic necrosis 
disease. Using a stochastic simulation model, we simulate 
shrimp farming yield risks based on input from two expert 
workshops. The results provide a relative comparison of 
expected yield losses caused by both diseases comparing a 
baseline scenario (no cooperation) and three scenarios with 
varying degrees of synchronization and information sharing 
across farms. Results show lower expected yield losses in all 
three cooperation scenarios in comparison with the farm- 
based scenario, highlighting the value of synchronization and 
information sharing practices to mitigate yield losses. We dis-
cuss the potential this has to reduce systemic risks in aquacul-
ture, thereby potentially incentivizing the reintroduction of 
risk-sharing mechanisms.

KEYWORDS 
Expert elicitation; 
information sharing; 
stochastic simulation; 
systemic risk; Vietnam   

Introduction

Infectious diseases remain a major problem for shrimp aquaculture, par-
ticularly in Asia, where approximately 60% of losses are caused by viral 
pathogens and 20% by bacterial pathogens (FAO, 2020). 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., 
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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). The average size of 
farms in the region is 1.13 ha, 0.95 ha, 1.93 ha, and 4.31 ha for intensive, 
semi-intensive, improved extensive, and integrated mangrove shrimp sys-
tems, respectively (Lien et al., 2021). Annual yields across these production 
systems range between 6,191 kg/ha/year for intensive systems to 299 kg/ha/ 
year for integrated mangrove systems (Joffre & Bosma, 2009). Like most 
other countries in Southeast Asia, Littopenaeus vannamei and Panaeus 
monodon are cultivated—with L. vannamei the more intensively produced 
species with up to three crops per year, while P. monodon are produced in 
up to two crops per year. The shrimp farming sector is dominated by 
small-holder farmers (80%) who contribute more than 80% of the national 
production volume (GSO, 2020). Despite shrimp farming being a major 
livelihood strategy in the Mekong Delta, various economic risks are present 
that undermine the stainability small-holder livelihoods (Ha et al., 2013).

Small-scale shrimp farmers in the Mekong Delta face various systemic 
production risks when it comes to infectious disease, i.e. risks that prolifer-
ate at system level rather than only at the individual farm level, as patho-
gens can easily spread in open systems with outdoor earthen ponds (Bush 
et al., 2010; Corsin et al., 2005) 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 
(Hien 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 standardized protocols for pond preparation 
and water treatment (Pongthanapanich et al., 2019; Tang et al., 2020). 
Farmers control water quality through, for e.g., biosecurity measures, bio- 
floc, minimization of water exchange, and instruments to monitor feeding 
patterns (Dey et al., 2020; Thitamadee et al., 2016).

However, whether such farm-based approaches are sufficient to address 
disease risk, which is highly dependent on systemic factors, can be ques-
tioned. First, as argued by Bottema et al. (2019) 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 individ-
ual farm performance (Crab et al., 2012; N. T. K. Duy et al., 2015; 

2 H. H. LIEN ET AL.



Tendencia et al., 2012), they are costly and therefore hard to implement for 
the majority of small-scale farmers (Hasan et al., 2020; Ulhaq et al., 2022). 
In addition, while aquaculture farmers are assigned to groups or coopera-
tives to follow local regulations (Ha et al., 2013, Joffre et al., 2019), farmers 
may not know each other or do not hold the same perception of produc-
tion risks, which results in a lack of incentives for collaboration (Bottema 
et al., 2019). As such, these groups do not benefit from collaborative meas-
ures designed to mitigate water quality and disease incidence such as the 
synchronization of farming practices (e.g. water discharge, harvesting, and 
stocking) and the sharing of information on farm activities. Lien et al. 
(2021) found that shrimp farmers cooperate and share more information 
with neighboring farmers who experience the same production risks, 
namely, disease, stemming from a shared common water source, or with 
their peers whom they trust. They concluded that this so-called “socio- 
spatial connectivity” is crucial to collectively shape risk behavior. We there-
fore hypothesize that losses due to contagious diseases in shrimp farming 
become less systemic if the motivation for “beyond farm cooperation and 
information sharing” can be deployed to incentivize joint activities stimu-
lating risk prevention and mitigation.

The objective of this paper 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 epi-
demics and inform the design of epidemic disease insurance.

The study is outlined as follows: the “WSD and AHPND in shrimp farming 
in Vietnam” section describes the epidemiological background of WSD and 
AHPND in shrimp farming in Vietnam. The “Materials and methods” section 
presents the materials and methods used in this study, including: the descrip-
tion 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 simula-
tion model are listed in the “Results” section, followed by a discussion and 
conclusion in the “Discussion” and “Conclusion” section respectively.

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 
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respectively (OIE, 2021). The mass mortality of these two shrimp diseases 
has been explored in a variety of studies (Dey et al., 2020; Tang et al., 
2020; Thitamadee et al., 2016; Tuyen et al., 2014). The virus causing WSD 
may lead to 100% mortality of shrimp cultures in as few as 3 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 & 
Renukdas, 2020). Nevertheless, persistent occurrence of the pathogens caus-
ing WSD and AHPND in shrimp 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 
vectors such as crabs or birds (S�anchez-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 fac-
tors including water temperature, pH and salinity (Boonyawiwat et al., 
2017, 2018; Hasan et al., 2020; Millard et al., 2021; Tendencia et al., 2011).

To manage the risks related to WSD and AHPND, shrimp farmers usu-
ally 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, 2005; Dey et al., 2020; Flegel, 2019; Hasan et al., 2020; Millard 
et al., 2021; Tang et al., 2020; Tendencia et al., 2011; Thitamadee et al., 
2016). At present, farmers have very limited opportunities to mitigate the 
consequences after a WSD outbreak or a late diagnosis of AHPND (Dey 
et al., 2020; Tang et al., 2020).

Materials and methods

The overall methodological approach of this paper 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 com-
pared to three cooperation scenarios, that will be introduced first in the 
next section. The subsequent sections will then develop the yield risk 
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estimation, detail the expert workshops and finally develop the stochastic 
simulation model and its sensitivity analysis.

A farm-based scenario and three cooperation scenarios

The farm practices as described in “WSD and AHPND in shrimp farming 
in Vietnam” section 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 1).

The cooperation scenarios reflected in Table 1, i.e., “Synchronization,” 
“Information sharing” and “Combination,” are not yet implemented for-
mally in Vietnam—although practices of these scenarios have already been 
discussed in literature. For instance, as suggested by Pongthanapanich et al. 
(2019), frequently sharing information among social relations and synchro-
nizing risk management at the regional level can reduce the spread of 
infectious disease to other areas. Along the same line, there are many stud-
ies 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. (2019), 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 cooper-
ation scenarios based on two main practices: “Synchronization” and 
“Information sharing.”

Table 1. Farm practices in farm-based scenario and additional practices in three cooperation 
scenarios.

Cooperation scenarios

Farm-based Synchronization Information-sharing Combination

� Proper pond 
preparation 

� Proper biosecurity 
maintenance 

� Post larvae from 
reliable suppliers 

� Proper water 
management 

� Adherence to 
seasonal crop 
calendar 

� Proper disease 
treatment and 
shrimp health 
treatment with 
probiotics and 
medicines 

� … of pond 
cleaning and 
disinfection 

� … of batch 
production 

� … of the use of 
pathogen-free post 
larvae for stock 

� … of fully treating 
contaminated water 
and effluent before 
release 

� … of the timing of 
discharging 
contaminated water 
and effluents 

� About:
° environmental 

conditions 
° shrimp health 

& behavior 
° experience 

with treatment 
methods 

° early signals of 
disease and 
appearance of 
disease vectors 

� Through group chat 
and social media 
apps (Zalo) for 
informing, 
providing, updating 
& exchanging 
information with 
trusted sources 

All synchronization and 
information sharing 
practices
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Conceptualizing 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 materializes when a disease occurs, multiplied with the shrimp selling 
price per kg at farm gate:

Yield losses ¼ Yieldpotential� Yielddisease
� �

� Price: (1) 

Yieldpotential is defined as the yield which could potentially be achieved in 
the absence of disease. It is derived from the literature (Yieldreference) cor-
rected for prevalence and mortality rates, also obtained from literature 
(Prevalencereference and Mortalityreference 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:

Yieldpotential ¼
Yieldreference

1 − Prevalencereference
� �

� 1 − Mortalityreference
� � : (2) 

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

Yielddisease ¼ Yieldpotential � 1� Prevalenceð Þ � 1� Mortalityð Þ (3) 

We make use of these equations to estimate the yield losses per crop per 
farm. Prevalence and mortality rates vary per scenario (see below).

Expert elicitation workshops on estimation of prevalence and mortality rate 
in cooperation scenarios

Two separate workshops were organized in May 2022 via 2-h online meet-
ings. The first workshop with five international experts (three professors, 
one certification expert, one industry specialist) was presented and dis-
cussed in English and the second with nine experts from Vietnam (four 
associated professors, one senior researcher, one certification expert, three 
local government staff) was conducted in Vietnamese. The consulted 
experts have knowledge and experience about disease transmission and 
landscape aquaculture management and included local and global aquacul-
ture specialists, aquaculture researchers in universities and research insti-
tutes, and local government staff. Separate workshops were organized to 
avoid language barriers that could hamper the discussion or lead to 
misunderstandings.

The objectives of the workshops were to (1) present the three cooper-
ation scenarios, i.e. “Synchronization,” “Information sharing,” and 
“Combination” and (2) critically evaluate and assess the prevalence and 
mortality rate of WSD and AHPND in each scenario.
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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 characterization of the farm-based and cooper-
ation scenarios was presented and discussed. Table 1 was used to specify 
the type of strategies in each scenario. The next phase of the workshop 
focused on the parameterization 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 online spreadsheets 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 aver-
age 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. Figures A1 and A2 in the 
Appendix present the results of the expert parameter elicitation in the two 
workshops.

Stochastic simulation model and model variables

We use a stochastic simulation modeling approach which generates distribu-
tions of model outputs based on the variability of input parameters that are 
calibrated to realistic values (e.g. see Clark et al., 2010; Ngoc et al., 2016). 
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 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 
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distribution. The model is based on several assumptions. First, we assume 
that the disease risk control practices in the different scenarios are taken up 
adequately by all 1,000 farmers. This is based on our understanding of the 
research area that when farmers cooperate in (many but) small social net-
works., e.g. around their common water source, there is more intrinsic motiv-
ation for so-called 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 dis-
ease. 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 & 
Renukdas, 2020) its role is more or less the same across open production sys-
tems with variation of stocking density, which are the focus of this risk ana-
lysis. When modeling intensive systems with high levels of biosecurity in 
place, we expect virulence to play a more relevant role (Hoa et al., 2011).

Model parameterization and sensitivity analysis

In order to parametrize the model, data were collected from two sources: a 
literature review and expert elicitation (as clarified in Table 2). The 
Yieldreference is the yield mentioned in the literature, which is usually affected 
by the normal disease prevalence rate (the so-called prevalence ratereference) 
ranging from 10% to 20% per crop at farm level (Phong et al., 2021) and 
the mortality ratereference 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. (2021). 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 D. T. 
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 2.

The impact of uncertainty in the input variables in the various scenarios 
was assessed using the built-in sensitivity analysis of @Risk 8.2. The sensi-
tivity analysis was carried out using Spearman rank correlation coefficients 
as the relationship between some inputs and the outputs of the area yield 
losses were nonlinear.
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Results

Impact of cooperation strategies on WSD losses

The cumulative distribution functions of expected yield losses are shown in 
Figure 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 B1 in the Appendix. Our results demonstrate 
that losses in the cooperation scenarios are expected to be consistently 
lower than in the baseline model, i.e. the “Farm-based” loss curve is con-
sistently positioned more to the right, demonstrating higher losses. Looking 
into the cooperation scenarios in more detail, we find that experts partici-
pating in the workshop conducted in English expect synchronization 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 synchronization 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 prior-
ity for “Synchronization.” The rapid spread of WSD was also mentioned by 
Dey et al. (2020) and Desrina et al. (2022).

Impact of cooperation strategies on AHPND losses

The cumulative distribution functions of simulated expected yield losses for 
AHPND are shown in Figure 2. Averages, standard deviation and 5% and 

Figure 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 elicit-
ation workshops, one in English (left) and one in Vietnamese (right).
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95% percentiles are in Table B2 in the Appendix. 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, “Synchronization” outperforms “Information 
sharing” and experts in both workshops agreed that for AHPND, a scenario 
in which synchronization of practices is combined with information shar-
ing would be most effective (the “Combination” curve is most to the left).

Sensitivity analysis

The input variables with the largest effect on annual yield losses are 
reported in Figures A3 and A4 in the Appendix. The most influential varia-
bles in all three cooperation scenarios are the number of crops per year 
and the actual yield (Yielddisease) 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 vari-
ation. Three other model inputs which are found to be influential are: 
shrimp price, disease prevalence rate and mortality rate.

Discussion

The results of the stochastic simulation modeling show that cooperation 
scenarios are promising to reduce the systemic risk of WSD and APHND in 
open production aquaculture systems. This builds on work by Bottema et al. 
(2019) and Lien et al. (2021) who argue that the socio-spatial connectivity 
between farmers empowers their collaboration, thereby leading to better 

Figure 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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synchronization of risk mitigation practices and information sharing. The 
importance of social interactions within farmer groups to explain behavior 
and change of practices was also discussed by Spielman et al. (2011). Their 
results suggest that “bottom-up” strategies are more effective than “top- 
down” approaches, such as described by Bush et al. (2019) to manage the 
systemic nature of disease risk. As such, we argue that the cooperation scen-
arios in this paper provide a useful guide for bottom-up strategies, especially 
in areas with a relatively strong socio-spatial connectivity.

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. In addition, experts expected that the 
practices also have a positive effect on overall yield levels. This might be a 
further incentive for farmers to implement such practices.

Even though yield variability is recognized as a major driver of 
Vietnamese aquaculture revenue volatility (Petersen & Schilizzi, 2010), 
future research could explore further the potential impact of prevention of 
WSD and AHPND outbreaks on price developments and price volatility in 
the longer run.

Conclusion

The stochastic simulation model developed provides a relative comparison 
of the yield losses caused by two shrimp diseases, WSD and AHPND, 
between a farm-based scenario that involves no cooperation and three dif-
ferent cooperation scenarios. The 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 simu-
lation model: the prevalence rate and mortality rate for the two different 
diseases. Our results show that experts indicate that all of the three cooper-
ation 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 fueled 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. 
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However, they provide a basis for thinking about the future configuration 
of cooperation beyond the farm level. The outcomes of our model might 
also be used to convince farmers about the potential financial benefits of 
collaborative management. In addition, the cooperation scenarios and out-
comes of the risk analysis can inspire private actors, such as banks, insur-
ance 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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Appendices
Appendix A. additional figures.

Figure A2. Results of expert parameter elicitation for AHPND.

Figure A1. Results of expert parameter elicitation for WSD.
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Figure A3. Sensitivity analysis WSD.
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Appendix B: Additional tables

Figure A4. Sensitivity analysis AHPND.

Table B1. 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 Mean SD 5th percentile
95th 

percentile

Farm-based 886,888 465,299 226,970 1,723,534
English workshop Synchronization 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

Vietnamese workshop Synchronization 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
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Table B2. Annual AHPND expected yield losses in the farm-based scenario and three cooper-
ation scenarios for a hypothetical area of 1,000 shrimp farms (in 1,000,000 VND).

Scenario Mean SD 5th percentile 95th percentile

Farm-based 519,159 165,023 273,631 812,059
English workshop Synchronization 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

Vietnamese workshop Synchronization 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

AQUACULTURE ECONOMICS & MANAGEMENT 21


	Can cooperation reduce yield risks associated with infectious diseases in shrimp aquaculture in Vietnam?
	Abstract
	Introduction
	WSD and AHPND in shrimp farming in Vietnam
	Materials and methods
	A farm-based scenario and three cooperation scenarios
	Conceptualizing yield risks
	Expert elicitation workshops on estimation of prevalence and mortality rate in cooperation scenarios
	Stochastic simulation model and model variables
	Model parameterization and sensitivity analysis

	Results
	Impact of cooperation strategies on WSD losses
	Impact of cooperation strategies on AHPND losses
	Sensitivity analysis

	Discussion
	Conclusion
	Acknowledgements
	Author contributions
	Disclosure statement
	Funding
	Orcid
	References
	mkchaps2UAQM_S0009_sec
	mkchaps2UAQM_S0010_sec



