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Abstract 

 

In response to increasing concerns about sustainable production, a growing number of 

European customers expect seafood products to be certified, for example by the 

Aquaculture Stewardship Council (ASC) certification. Water purification technologies such 

as Recirculating Aquaculture Systems (RAS) could be a potential solution to reduce waste 

discharge and to improve water quality in fish ponds as a response to environmental 

regulations. In order to provide useful insights to consider investments in RAS, the overall 

objective of this thesis was to perform an economic analysis of technological innovations 

such as RAS to improve the sustainability of pangasius production in Vietnam.  

This thesis first uses Data Envelopment Analysis to measure input- and output-specific 

technical and scale inefficiency of pangasius farmers in the traditional system and uses a 

bootstrap truncated regression to assess the impact of farmers’ demographics and farm 

characteristics on these technical inefficiencies. Second, the economic feasibility of RAS in 

pangasius farming is analysed using a capital budgeting approach and stochastic simulation 

accounting for uncertainty in key parameters. Next, key determinants influencing the 

adoption of RAS by pangasius farmers are investigated using a choice experiment. Finally, 

price transmission along the international supply chain of pangasius, from the Vietnamese 

farm to the Polish retail stage is analysed using a vector autoregressive error correction 

model framework.  

The results show that inadequate management skills in using capital assets and improper 

methods for producing fish are the main challenges for enhancing the performance of 

Vietnamese pangasius production. Location of the farm in a saltwater intrusion area is 

positively associated with inefficiency of producing fish. The results suggest further that 

when shifting from the traditional system to RAS, the Net Present Value (NPV) of the 

investment in RAS is expected to substantially increase, for both medium (1-3 ha) and large 

(equal or greater than 3 ha) farms. Lack of trust in receiving a price premium, inadequate 

access to finance and uncertainty about the actual performance of RAS systems are 

constraints for the adoption of RAS. Finally, our study provides evidence that price signals 

at the Polish-Vietnamese retail stage were transmitted back to wholesale, export and 

Vietnamese pangasius farms stages. 
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Background 

Fish and fish products are highly traded in international markets; in 2010 38% of world fish 

production was exported (Msangi et al. 2013). Of all fish exports by developing countries, 

two thirds is directed to developed countries in terms of value (OECD 2010; Msangi et al. 

2013). Vietnam is the world’s largest producer of pangasius. In 2015, the total value of 

Vietnamese pangasius production was 1.5 billion USD (SeafoodSource 2016). In 2013, 

pangasius products accounted for 22.5% of all fish fillet consumption in the European 

Union, 20.4% in the United States, and 6.8% in the Association of Southeast Asian Nations 

(ASEAN countries) (VASEP 2013). The high demand for fish products incentivised a 10-

fold increase of the Vietnamese production of pangasius in the last decade to 1.1 million 

tonnes in 2015 (Seafish 2015). Parallel to the fast growing pangasius production, world 

markets increasingly require seafood products to be produced in a sustainable way. The 

Aquaculture Stewardship Council (ASC) certification system, which addresses the 

environmentally sustainable and socially equitable responsibility, received a lot of attention 

in EU markets (Little et al. 2012; Bush et al. 2013; Beukers et al. 2015). Belton et al. (2011) 

indicate that water use and water quality (i.e. pond effluent management) are key issues in 

achieving ASC certification. 

Vietnamese pangasius products have gained a large market share in international markets 

because of their relatively low price (Bush and Belton 2011). However, the market for 

cheap white fish products such as pangasius is competitive due to a large range of possible 

substitutes (Little et al. 2012; Troell et al. 2014; CBI 2015). If the Vietnamese pangasius 

sector needs to maintain and enhance its competitiveness in the export markets, efforts 

should be directed to eliminate the technical inefficiency in the production of pangasius 

farmers. Literature shows that the technical inefficiency scores in fish farming vary from 

0.14 to 0.27 (see Iliyasu et al. (2014) for a review). This inefficiency might stem from many 

sources. For instance, weather conditions affect the use of capital for machinery, buildings, 

and equipment (Chiang et al. 2004; Anh et al. 2015). Poor water quality can lower fish 

yield due to disease outbreaks (Chiang et al. 2004; Anh et al. 2010).  
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As a response to the quest for environmental sustainability, Recirculating Aquaculture 

System (RAS) could be an opportunity not only to reduce waste discharge and to improve 

water quality in the fish ponds, but also to contribute to a reduction in the occurrence of fish 

diseases and thus to decreased mortality and lower use of medicines (Martins et al. 2010; 

van Rijn 2013). The Vietnamese government wishes to stimulate ASC certification and 

compliance, in which RAS can play an important role. Recently, RAS has been 

implemented in a farm-scale pilot project for Vietnamese pangasius production 

(Wageningen University 2013). However, investing in such technological innovations at 

farm scale is costly. Also, future prices, yields, and operating expenses for RAS are 

uncertain. Consequently, the economic feasibility of RAS is also uncertain and this may 

constrain the adoption of RAS. Therefore, an investment appraisal of RAS and an analysis 

of the willingness to adopt RAS are essential to provide new insights for farmers to 

considering to invest in this new system and in the factors influencing this investment 

decision.  

In general, the costs from labelling compliance are typically passed on to the consumers 

(Boyd and McNevin 2012). However, under asymmetric price transmission, price increases 

at the downstream stages, i.e. international wholesale and retail stages, are transmitted 

slowly and possibly not fully to the upstream stages, i.e. domestic export and farm stages 

(Meyer and von Cramon-Taubadel 2004; Vavra and Goodwin 2005). As a consequence, the 

allocation of capital and other resources to enable and meet the required standards may be 

insufficient. A better understanding of transmission of price changes from international 

markets back to the Vietnamsese pangasius farmers is essential for the private sectors to 

consider investing in more sustainable production systems. 

 

Objective 

To shed light on the above issues, the overall objective of this thesis is to perform an 

economic analysis of technological innovations such as RAS to improve the sustainability 

of pangasius production in Vietnam. As described above RAS is expected to play an 
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important role in benefiting sustainability in pangasius production. The specific objectives 

of this thesis are:  

 

1. To measure input- and output-specific technical and scale inefficiency of Vietnamese 

pangasius farmers and to assess the impact of farmers’ demographics and farm 

characteristics on these technical and scale inefficiencies. 

2. To analyse the economic feasibility of RAS in pangasius farming in Vietnam. 

3. To investigate key determinants influencing the adoption of RAS by Vietnamese 

pangasius farmers. 

4. To analyse price transmission along the international supply chain for frozen pangasius 

fillets.  

 

The different stages along the chain of Vietnamese frozen pangasius fillets and specific 

parts of the chain covered in thesis are presented in Table 1.1.  

Table 1.1 Chain of Vietnamese frozen pangasius fillets and topics covered in this thesis 

 

 Farmers 
Processors/ 

Exporters 

Wholesalers/ 

Importers 

Retailers 

Chapter 2 

Technical inefficiency in traditional systems 
    

 

Chapter 3 

Economic feasibility of RAS  
    

 

Chapter 4 

Farmer adoption of RAS 
    

 

Chapter 5 

Analyses of price transmission 
      

  
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Description of traditional system and RAS in Vietnamese pangasius 

production  

In this thesis, the analyses of inefficiency and price transmission focus on the traditional 

system, whereas the analyses of economic feasibility and the adoption focus on RAS. Both 

systems are described below. 

Traditional System 

Traditional pangasius farms usually operate one or several 3 to 5 meter deep fish pond(s) 

with one or two sluice gates, and a feed storage. In the past, the majority of the farmers 

applied chlorine, lime, benzalkonium chloride and salt for water purification. Stocking 

densities vary from 5 to 31 fish/m
3
, depending on the size, availability of fingerlings and 

the financial capacity of farmers to purchase feedstock (Phan et al. 2009). More recently, 

most pangasius farmers use extruded pellets, except for a few small farms in traditional 

pangasius areas, such as An Giang, where extruded pellets are used together with farm-

made feed. Most farms use river water in the fish ponds and discharge waste water directly 

into channels leading to the Mekong River. Water exchange is done using pumping or 

gravity from the tides.  

Recirculating Aquaculture System (RAS) 

RAS can be applied in an existing pond or a completely new pond. The application of in-

pond RAS in pangasius farms requires additional investments in a moving bed bio-filter, 

filter media, septic tank, pumps and pipes for water movement and aeration. RAS treated 

wastewater by two processes: mechanical filtration to remove the solids such as waste and 

sludge discharge, and biological filtration to remove dissolved toxic wastes. More 

specifically, RAS separates solids from the bio-filter into septic tanks, thereby improving 

the water quality inside the pond and reducing effluent discharge, while supplying 

additional oxygen for the fish. The solids are then pumped to a separate septic tank where 

the solids are denitrified. Stocking densities are 76 fish/m
3
 and only extruded pellets are 

used with RAS.  
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RAS is considered a technological innovation in aquaculture production. Martins et al. 

(2010) suggested that RAS offers the possibility of achieving a high production, 

maintaining optimal environmental conditions, securing animal welfare, while creating a 

minimum ecological impact. Potential advantages of RAS are reduced disease infections 

and use of less antibiotics and chemicals (Gutierrez-Wing and Malone 2006). However, the 

recirculation leads to high energy consumption either in the form of electricity or fuel for 

circulating in-pond water (d’Orbcastel et al. 2009). The establishment and operating 

mechanisms of in-pond RAS are shown in Figure 3.1.  

 

Outline of the Thesis 

The thesis consists of a general introduction (Chapter 1), four research chapters (Chapter 2-

5) and a general discussion and conclusion (Chapter 6). Chapter 2 measures input- and 

output-specific technical and scale inefficiency of Vietnamese pangasius farmers in a 

traditional system. This is analysed by identifying the feasible reduction in the use of inputs 

and expansion of outputs using a nonparametric approach. The impact of farmers’ 

demographics and farm characteristics on these technical and scale inefficiencies is 

assessed using an econometric model.  

Chapter 3 analyses the economic feasibility of RAS in Vietnamese pangasius farming. The 

economic performance of two pangasius farming systems is carried out by developing 

investment appraisals based on the net present value (NPV) criterion. This chapter 

explicitly accounts for uncertainties associated with investment cost, pangasius yields, 

market prices and the operating expenses in a stochastic simulation model. 

Chapter 4 investigates the factors that influence the willingness of Vietnamese pangasius 

farmers to adopt RAS. This is analysed by multiple steps to develop a short list of key 

attributes which are included in a choice model. Moreover, the choice model is also used to 

explore the impacts of key attributes and farmer demographics and farm characteristics on 

the likelihood of RAS adoption.  
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Chapter 5 analyses the price transmission from the international retail stage to the 

Vietnamese farms. To do so, this chapter estimates time series models that describe the 

(a)symmetry in short- and long-run relationships between pair-wise prices in the frozen 

pangasius fillets supply chain (that is, farm, export, wholesale and retail).  

Finally, Chapter 6 presents the synthesis of results in this thesis, and discusses 

methodological and data issues. The business and policy implications as well as the main 

findings in this thesis are also outlined in this chapter.  
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Abstract 

Vietnamese pangasius farming needs to produce efficiently to compete in world markets. 

This study investigates the input- and output-specific technical inefficiency of Vietnamese 

pangasius farmers. First, we used a non-radial directional input-output distance function to 

estimate the input- and output-specific technical inefficiency. Second, we applied a 

bootstrap truncated regression to analyze the factors influencing these technical 

inefficiencies. Results show that the main challenges for enhancing the performance of 

Vietnamese pangasius production are inadequate use of capital assets (inefficiency of 42%) 

and improper methods to achieve higher fish yield (inefficiency of 30%). Input-specific 

technical inefficiency (pond area and feed) is negatively associated with the experience and 

education level of pangasius farmers. Location of the farm in a salt-water intrusion area is 

positively associated with the inefficiency of producing fish. Outcomes of this study are 

useful to identify successful strategies to minimize the use of inputs while simultaneously 

maximizing fish production. 

Key words: Aquaculture, pangasius, data envelopment analysis, truncated bootstrap 

regression, inefficiency. 
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Introduction 

Vietnam is the world’s largest producer of pangasius. In 2015, the total value of 

Vietnamese pangasius production was 1.6 billion USD (SeafoodSource 2016). In 2013, 

pangasius products accounted for 22.5% of all fish fillet consumption in the European 

Union, 20.4% in the United States, and 6.8% in the Association of Southeast Asian Nations 

(ASEAN) (VASEP 2013). However, the market for cheap white fish products, such as 

pangasius, is competitive because many possible substitutes are available (Little et al. 2012; 

Troell et al. 2014; CBI 2015). Vietnamese pangasius products have gained a large market 

share in international markets because of their relatively low price (Bush and Belton 2011). 

To maintain and enhance the competitiveness of the Vietnamese pangasius sector in the 

world market, efforts should be made to reduce the technical inefficiency of pangasius 

production. 

Several studies have estimated technical inefficiency in fish farming. For instance, Alam 

(2011) estimated the average technical inefficiency of pangasius farmers in Bangladesh to 

be 0.14, implying that farmers can reduce the use of all inputs by 14% and produce the 

same output level. Kareem et al. (2009) reported the technical inefficiency of fish farmers 

in Nigeria to be 0.21, suggesting that farmers can improve their output level by 21% using 

current inputs. Technical inefficiency in fish production might stem from many sources. 

For example, poor quality pond water can lead to disease outbreaks and lower fish yields 

(Chiang et al. 2004; Anh et al. 2010), and weather conditions affect the inefficient use of 

capital for machinery, buildings, and equipment (Chiang et al. 2004; Anh et al. 2015). The 

existing studies on inefficiency in fish production have measured the maximum 

proportional decrease in the use of all inputs simultaneously while producing the same level 

of outputs. In practice, some specific inputs, or inputs and outputs, are more controllable 

than others. Thus, inefficient farmers have better opportunities to reduce certain inputs or 

increase the production of some outputs To the best of our knowledge, no study has 

addressed the technical inefficiency of each specific input and output in fish farming. An 

input- and output-specific analysis of technical inefficiency would help farmers to improve 

the performance of their farms by providing information to better prioritize their efforts to 
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reduce the use of inputs and expand outputs. In an input- and output-specific approach, 

technical inefficiency is measured for each input and output separately as the maximum 

feasible reduction in input use and expansion of outputs.  

In light of the foregoing discussion, the objective of this study was to measure the input- 

and output-specific technical and scale inefficiency of Vietnamese pangasius farmers and to 

assess the impact of farmers’ demographics and farm characteristics on these technical 

inefficiencies. Insight into the determinants of technical inefficiencies is expected to 

provide useful information for policy makers, which can be used to design policies and 

measures to help farmers improve their farm management.  

The remainder of the paper is organized as follows. Section 2 presents the methods, data 

collection, and the selection of variables. This is followed by the presentation of results and 

discussion in Section 3. Section 4 provides conclusions and policy implications. 

 

Materials and methods 

Data envelopment analysis and bootstrap truncated models 

This paper used a two-stage approach to measure and explain the technical inefficiency of 

Vietnamese pangasius farmers.  In the first stage, data envelopment analysis (DEA) was 

used to measure the input- and output-specific technical inefficiency, while in the second 

stage bootstrap truncated regression was used to estimate the impact of farmers’ 

demographics and farm characteristics on these technical inefficiencies. DEA is a non-

parametric technique that is frequently used to measure technical inefficiency in the 

presence of multiple inputs and outputs (Farrell 1957; Charnes et al. 1978; Dey et al. 2005; 

Singbo and Oude Lansink 2010; Iliyasu et al. 2014).  
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Non-radial directional input-output distance function  

In the first stage, the non-radial directional input-output distance function (NDDF) was 

used to compute the input- and output-specific technical inefficiency (see also Mahlberg 

and Sahoo (2011), Wang et al. (2013) and Gaitán-Cremaschi et al. (2015)). The non-radial 

directional distance function accounts for the inefficiency due to the slacks in inputs and 

outputs. Consider there are k = 1,...K pangasius farms using a vector 𝑥 of N inputs and 

producing a vector 𝑦 of M outputs. The input- and output-specific technical inefficiency of 

farm k relative to the production frontier, assuming variable returns to scale (VRS), is 

computed using the following linear programming problem: 

D⃗⃗⃗  (x, 𝑦; g|VRS) = max [
1

2
(
1

N
∑ μn

N
n=1 +

1

M
∑ βm

M
m=1 )]    (2.1) 

s.t. 

∑ αk𝑥kn
K
k=1 ≤ 𝑥n − μng𝑥n,           n = 1,… ,N,    (i) 

∑ αk𝑦km
K
k=1 ≥ 𝑦m + βmg𝑦m,       m = 1,… ,M,    (ii)       

∑ αk
K
k=1 = 1,         (iii) 

          μn ≥ 0(∀n), βm ≥ 0(∀m).      (iv) 

 
The objective function in Equation (2.1) represents the weighted average technical 

inefficiency of inputs and outputs. Each estimated μ 𝑛 or β 𝑚 provides the nth input-specific 

or mth  output-specific technical inefficiency score of a fish farm, which is weighted 

respectively by the total number of N inputs and M outputs. In this case, the inputs and 

outputs each contribute half to the weighted technical inefficiency score. An estimated 

technical inefficiency of zero represents a fully efficient farmer, who is located on the 

production frontier. An estimated technical inefficiency greater than zero indicates the 

presence of technical inefficiency; the farmer is located below the production frontier. The 

directional vectors (g𝑥 , g𝑦) used in this study are the observed quantities of inputs and 
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outputs. Hence, the technical inefficiency is interpreted as the percentage by which input 

use can be reduced and output can be increased (Färe and Grosskopf 2010).  

The first two constraints reflect strong disposability of inputs (i) and outputs (ii), where 

finite inputs can only produce finite outputs (Färe et al. 2007). Constraint (iii) imposes VRS; 

the model in (2.1) can be transformed into a model assuming constant returns to scale (CRS) 

by replacing restriction ∑ αk
K
k=1 ≥ 0 . Constraint (iv) restricts the technical inefficiency 

scores to non-negative values.  

Scale inefficiency, which reflects the ability of a farmer to employ each input and output at 

an optimal scale, can be computed as the difference between the technical inefficiency 

under CRS and VRS. All linear programming problems consistent with Equation (2.1) were 

solved using General Algebraic Modelling Systems (GAMS). 

Bootstrap truncated regression model 

In the second stage, the bootstrap truncated regression procedure proposed by Simar and 

Wilson (2007) was employed to assess the impact of farmers’ demographics and farm 

characteristics on input- and output-specific technical inefficiency. This technique has been 

used to study the determinants of specific technical inefficiencies in other farming systems 

(e.g. Singbo and Oude Lansink (2010); Singbo et al. (2014). The model in this study was 

specified as  

Yk = γ′zk
′  + εk        (2.2) 

 where Yk represents the input- or output-specific technical inefficiency of farm k, 

zk
′  is the vector of determinants of input- and output-specific technical inefficiencies, γ′ is 

the vector of estimated parameters, and εk  is the random error term. The determinants 

represent farmers’ demographics and farm characteristics. For the input- and output-

specific scale inefficiency, bootstrap ordinary least squares (OLS) was used because the 

input- and output-specific scale inefficiencies are both positive and negative. Equation (2.2) 

was estimated using STATA version 8. 
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Data collection and selection of variables 

Data collection 

Data for this study were gathered in January 2013 through a questionnaire survey of 82 

farmers (see also Ngoc et al. (2016b)). The farmers participating in the survey mainly 

represented small and medium pangasius farms (less than 3 ha). A workshop was organized 

in December 2013 to increase the number of observations for large farms (equal to or 

greater than 3 ha). During the workshop, 14 farmers with large-scale farms were invited to 

complete the same questionnaire as in the survey. Respondents for the survey and 

workshop were randomly selected from the lists of pangasius farmers maintained by the 

Aquaculture Department; aquaculture officers from this department assisted with the 

selection process. 

For the survey, the selected pangasius farmers were from An Giang, Can Tho, and Soc 

Trang provinces. Participants in the workshop also came from the Dong Thap, Vinh Long, 

and Tra Vinh provinces. Respondents covered the two main production regions in Vietnam, 

i.e. pangasius farmers from Soc Trang and Tra Vinh mainly operate newly developed farms 

in the saltwater intrusion region. Pangasius farmers in the other provinces come from the 

traditional pangasius production areas in the freshwater region.  

Of the 96 questionnaires, eight were excluded from the analysis due to incomplete 

information. Another eight questionnaires were excluded due to the presence of outliers. 

Outliers were defined as values beyond two standard deviations from the median. 

According to Fried et al. (2008), outliers could influence the position of the production 

frontier far from the inefficient farmers. 

Variables for the inefficiency computation 

Inputs for pangasius production consisted of three variable inputs representing the 

operational costs, i.e. feed, labor and others (all expenses of pond preparation, fingerling, 

energy, sludge discharge, and veterinary services), and two fixed inputs, i.e. pond area and 
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capital. Table 2.1 presents the descriptive statistics of the input and output variables. The 

output is fish yield and is expressed in tons. Operational costs and capital are expressed as 

annual costs in USD (applied exchange rate: 1 USD equals 20,000 VND). Pond area is 

expressed in hectares (ha).  

Feed is the main cost of pangasius farms, accounting for 84% to 86% of operational costs 

(Ngoc et al. 2016b). Labor consists of family labor and hired labor. Cost of hired labor was 

measured as the salary paid to hired labor. To quantify the cost of family labor, the monthly 

salary for hired labor in the aquaculture sector was used and this value was multiplied by 

the number of family members working fulltime on the farm. Others includes the expenses 

associated with pond preparation, fingerling, energy, sludge discharge, and veterinary 

services. Variable input costs differed among farms, with an average of 139,500 USD for 

capital, 779,700 USD for feed, 16,300 USD for labor, and 116,100 USD for other costs.  

Pond area represents the total water surface area used for pangasius production. Pond area 

ranged from 0.2 ha to 8.5 ha, with an average of 1.6 ha. Capital cost includes the annual 

depreciation of capital invested in pond construction, sluice gates, waste water treatment (if 

any), storage houses, and equipment. The capital cost differed across farms, ranging 

between 5,700 USD and 744,100 USD, with an average of 139,500 USD. Similarly, the 

output variable fish yield also varied greatly, from 44 tons to 3,666 tons with an average of 

879 tons. 

Table 2.1 Descriptive statistics of inputs and outputs (for the most recent production cycle 

in 2012-2013) 

Item Mean 
Standard 

deviation 
Minimum Maximum 

Inputs (1,000 USD)     

Pond area (ha) 1.6 1.5 0.2 8.5 

Capital 139.5 146.5 5.7 744.1 

Feed 779.7 725.0 30.9 3,531.1 

Labor 16.3 14.9 1.6 72.3 

Others3 116.1 114.5 4.4 562.9 

Output (tons)     

Fish yield 879.2 788.8 44 3,666 
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Variables for the bootstrap truncated regression model 

The following variables were used in the bootstrap truncated regression model: age of 

farmers (measured in years), experience (measured as the inverse of the number of years), 

the level of education (number of years), gender (1 if female, 0 if male), and farm location 

(1 if saltwater intrusion region, 0 if freshwater region).  

These variables were chosen based on the literature on technical inefficiency in the 

aquaculture sector. The literature shows negative associations between age and technical 

inefficiency, while experience, gender and education all have positive relationships with 

technical inefficiency. For instance, Iliyasu et al. (2014) concluded in an extensive review 

of technical inefficiency studies in aquaculture, that younger farmers may be less 

technically inefficient than their counterparts, presumably because of their higher 

willingness to adopt technological innovations. Regarding experience, more experienced 

farmers may make better managerial decisions and may therefore be less inefficient (Engle 

2010; Iliyasu et al. 2014). Likewise, more educated farmers are generally less technically 

inefficient, possibly due to their open mind towards new technological information as well 

as better capability to access and process such information (Dey et al. 2005; Iliyasu et al. 

2014). Additionally, female fish farmers were found to be more technically inefficient than 

their male counterparts, likely attributed to the domestic responsibility of women in most 

developing countries (Onumah E.E. et al. 2010). Farm characteristics such as location are 

also expected to have a negative effect on technical inefficiency. For instance, Anh et al. 

(2015) found that Vietnamese farms located in the saltwater intrusion region are less 

technically inefficient than those in the freshwater region.  

The variable experience was measured as the inverse of the number of years of experience 

with fish farming (one divided by the number of years of experience). The inverse was used 

because a scatter diagram showed a convex nonlinear relationship between the number of 

years of experience in fish farming and technical inefficiency. This means that the marginal 

impact on technical inefficiency declines with the number of years. The inverse of the 

number of years can capture this relationship.  The marginal effect of an additional year of 

experience in fish farming was computed at the sample mean of the number of years of 
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experience, and is given by the partial derivative of Equation (2.2) with respect to the 

number of years as 

∂Yk

∂#years experience
= γ ∗ (−

1

#years experience2
) .    (2.3) 

Table 2.2 provides the descriptive statistics of the variables used in the bootstrap truncated 

regression. Table 2 shows that the respondents had a relatively low average age, i.e. 43 

years old, with about eight years of experience (as reflected by the average inverse ratio of 

0.12) and up to 11 years of education. Within the sample, 92% of respondents were male 

(the average value of gender was 0.08) and 86% of respondents originated from the main 

pangasius freshwater production region (the average value of location was 0.14). 

Table 2.2 Descriptive statistics of farmers’ demographics and farm characteristics (n=80) 

Item Mean 
Standard 

deviation 
Minimum Maximum 

Farmers’ demographics     

Age (years) 43 7 23 60 

Experience (years) 8 2 5 20 

Education (years) 11 2 6 16 

Gender (1 if female, 0 if male)  0.08    

Farm characteristics     

Location1 (1 if salt water intrusion 

region, 0 if fresh water region)  

0.14    

1
Salt water intrusion region consists of Soc Trang and Tra Vinh provinces; fresh water 

region consists of An Giang, Dong Thap, Can Tho, and Vinh Long provinces.  

 

Results and discussion 

Technical and scale inefficiency results  

Table 2.3 shows the technical and scale inefficiency scores of Vietnamese pangasius 

farmers. The weighted average score of technical inefficiency relative to the frontier was 

0.25 assuming VRS and 0.31 assuming CRS. The difference between the technical 

inefficiency under the CRS and VRS assumptions indicates the presence of scale 
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inefficiency in pangasius production. The scale inefficiency was quite low, with a weighted 

average of 0.06, indicating that the majority of pangasius ponds are operating close to their 

optimal size.   

The results for the weighted average technical inefficiency scores suggest a substantial 

scope for improving the performance by reducing the use of inputs and increasing output. 

The weighted average scores, however, conceal the variation in inefficiency across inputs 

and output. For instance, Vietnamese pangasius farmers could reduce the use of capital by 

42%, labor by 23%, pond area by 16%, others by 10%, and the use of feed by 3%, while 

simultaneously increasing the fish yield by 30% relative to the VRS frontier. These results 

reveal that the technical inefficiency of pangasius farmers is mainly driven by the high 

inefficiency in the use of capital and the relatively low fish yield. The input- and output-

specific scale inefficiency scores ranged from -0.01 to 0.09. It should be noted though, that 

no farm in the sample presented a negative weighted average scale inefficiency over both 

inputs and outputs. Hence, the method itself can produce negative values for input-specific 

and output-specific scale inefficiency. The technical inefficiency scores of capital, pond 

area, and labor are relatively low, which is explained by their quasi-fixed nature, i.e. their 

levels are not easily adjusted from one year to another. In practice, it is costly to upscale or 

downscale the investments in machinery, equipment, or pond area. Similarly, labor is not 

easily adjusted from year to year, due to the large share of family labor in total labor costs. 

The low feed technical inefficiency might be explained by careful fish feeding as feed costs 

are the main cost of pangasius production.  

Results in Table 2.3 also show that farmers are more technically inefficient in producing 

fish yield than in utilizing inputs. Within the sample, 21% to 74% of the farms were 

inefficient in the use of inputs, whereas 80% of the farms were inefficient in the production 

of fish yield.  
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Table 2.3 Input- and output-specific technical and scale inefficiencies 

Item 

Technical inefficiency 

under VRS 

Technical 

inefficiency 

under CRS 

 Scale inefficiency 

Mean Frequency 

(%) 

 Mean Frequency 

(%) 

 Mean Frequency 

(%) 

Weighted 

average  

0.25 84  0.31 90  0.06 88 

Input-specific         

Pond area 0.16 60  0.21 75  0.05 79 

Capital 0.42 74  0.49 81  0.07 81 

Feed 0.03 21  0.02 15  -0.01 20 

Labor 0.23 69  0.29 73  0.06 76 

Others 0.10 49  0.13 64  0.03 68 

Output-specific         

Fish yield 0.30 80  0.39 88  0.09 86 

 

 

Determinants of input- and output-specific technical inefficiency 

Table 2.4 and Table 2.5 presents the estimated parameters of the bootstrap truncated 

regression model. The discussion in this section is mainly restricted to the variables that had 

a statistically significant effect on input- and output-specific technical and scale 

inefficiency. Most of the signs of the estimated parameters for the determinants of technical 

and scale inefficiency were in line with a priori expectations.  

Regarding the technical inefficiency relative to the VRS frontier, the variable experience 

(years) had a significantly negative effect on pond area and feed technical inefficiency, 

indicating that an additional year of experience is associated with a better management of 

the pond by 1.6% and the use of feed by 4%. Experienced fish farmers may make better 

managerial decisions on farms and be more efficient in utilizing the pond and feed to their 

full potential. This is in line with Kaliba and Engle (2006), who found that experienced 

farmers may take better decisions regarding the feed brand, feed ingredients, and feed 

practices. In contrast, experience was found to have a positive and significant relation with 

the technical inefficiency of fish yield. This might be because experienced farmers are more 
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conservative and find it difficult to adjust and adopt new technologies, as suggested by 

Onumah et al. (2010).  

We also found that education has a negative effect on the technical inefficiency of pond 

area, feed, others, and fish yield, implying that, ceteris paribus, an additional year of 

education decreases inefficiency in the use of these inputs and producing fish yield by 3% 

to 4%. This result is consistent with our prior expectation that more educated farmers are 

generally more likely to adopt technological innovations due to their open mind towards 

new technologies and because they have a better capability to access and process 

information (Dey et al. 2005; Ngoc et al. 2016a). Therefore, more educated farmers are 

better in managing the pond, feeding fish, and using other variable inputs to increase fish 

yield.  

The location of farms in the saltwater intrusion region was negatively associated with the 

technical inefficiency of capital and fish yield. The negative relationship between location 

and capital technical inefficiency suggests that farmers farming in the saltwater intrusion 

region are, ceteris paribus, 33% better in managing their capital assets than those in the 

freshwater region. Farmers with farms located in the saltwater intrusion region might be 

more careful in investing in and operating their capital assets because they have to cope 

with salinity intrusion, as suggested by Anh et al. (2015). However, these farmers also 

adapt to the salinity intrusion by limiting their stocking frequency, i.e. only once a year, and 

thus appear more inefficient (29%) in producing fish yield than farmers in the freshwater 

region, in line with our prior expectation.  

The results of the regression of technical inefficiency relative to the CRS frontier were not 

always consistent with the results of the regression relative to the VRS frontier, given the 

scale component in the former. For instance, age of farmers was negatively and 

significantly associated with the technical inefficiency of fish yield, implying that each 

additional year decreases, ceteris paribus, the technical inefficiency of fish feeding by 1%. 

This result contradicts our prior expectation and suggests that farmers gain experience in 

using resources effectively over time, as suggested by Amos (2007). 
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Furthermore, there was a negative and significant relationship between location of farms 

and the technical inefficiency of other inputs, suggesting that farmers with farms located in 

the saltwater intrusion region are, ceteris paribus, 9% less technically inefficient in the use 

of other variable inputs than those in the freshwater region. In the long-run, the 

unpredictable level of salinity intrusion can be controlled by investing in technological 

innovations and learning from others. This might give farmers farming in the saltwater 

intrusion region better opportunities to also monitor the use of other variable inputs. 

Regarding scale inefficiency, none of the variables were found to have a significant relation 

with input-specific scale inefficiency, whereas experience and location were found to 

influence the scale inefficiency of fish yield. The negative coefficient of experience 

indicates that experienced farmers are better in adjusting the scale of their operation as 

measured by the size of output, resulting in an improvement of fish yields by 2%. Better 

scale adjustment was also found for farmers farming in the freshwater region, with a 13% 

improvement in fish yield compared to farmers in the saltwater intrusion region. This 

confirms the findings of Anh et al. (2015) that farmers limit the stocking frequency and 

thus reduce the annual yield of the farm in order to cope with salinity problems.  

The non-significant effect of gender on both technical and scale inefficiency implies that 

the technical and scale inefficiency of farms operated by men are, ceteris paribus, the same 

as the technical and scale inefficiency of farms operated by women. This result contrasts 

with the findings of Onumah (2010) for Ghana and Ekunwe and Emokaro (2009) for 

Nigeria; both these studies found that male fish farmers operate less inefficiently than their 

female counterparts.  
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Conclusions and policy implications 

The main objective of this paper was to measure the input- and output-specific technical 

and scale inefficiency of Vietnamese pangasius production to identify potential areas for 

improvement and to assess the effect of farmers’ demographics and farm characteristics on 

these technical and scale inefficiencies. The results provide information that is useful in 

designing measures to help farmers improve their farm management. 

We found that the main challenges for enhancing the performance of Vietnamese pangasius 

production are inadequate management skills in using capital assets, as indicated by a 

capital technical inefficiency of 42%, and improper methods for producing fish, as 

indicated by fish yield technical inefficiency of 30%. Furthermore, farmers with a higher 

education level and more years of experience are generally better in managing the pond 

area, using fish feed, and producing fish yield. Farming in areas with salt water intrusion is 

associated with a lower technical inefficiency in the use of capital assets and other variable 

inputs, but also with a higher technical inefficiency in the production of fish yield.  

Results provide useful information for farmers and policy makers who aim to improve the 

performance of Vietnamese pangasius farms. The recommendations for pangasius farmers 

are targeted towards those inputs and output with relatively high inefficiency. For instance, 

pangasius farmers can improve their capital management skills by better estimating the 

amount of required capital and the timing of capital asset replacement, and by monitoring 

the use of capital assets. Furthermore, the introduction of technological innovations that 

enable higher stocking densities and improve the quality of pond water, such as 

recirculating aquaculture systems (RAS) (see also the discussion in Ngoc et al. (2016a, b)), 

could potentially increase the pangasius yields. Policy makers can assist farmers to improve 

their farm management by targeting farmers with lower education levels, fewer years of 

experience and farms located in salt water intrusion areas.  
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Abstract  

This study aims to analyse the economic feasibility of recirculating aquaculture system 

(RAS) in pangasius farming in Vietnam. The study uses a capital budgeting approach and 

accounts for uncertainty in key parameters. Stochastic simulation is used to simulate the 

economic performance of medium and large farms operating with a traditional system or 

RAS. Data are obtained through structured surveys and a workshop in the Mekong River 

Delta. Results show that for large farms, net present value increases from an average of 

589,000 USD/ha to 916,000 USD/ha after implementing RAS. Overall, the probability of 

RAS being a profitable investment is 99% for both farm sizes. With RAS, the crucial 

parameters determining profitability are price, yield, costs of fingerling, feed, and initial 

investment. Findings on the robustness of the economic performance of RAS are useful to 

support public and private decision making towards increasing the sustainability of 

pangasius production. 
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Introduction 

Vietnam is the world’s largest producer of pangasius. The European Union (EU) is the 

main market, accounting for 22.5% of filet consumption, followed by the United States 

(20.4%), and ASEAN (Association of Southeast Asian Nations) countries (6.8%) (VASEP 

2013). Total production has increased in recent years, from 37,500 tons in 2001 to 1.3 

million tons in 2012 (Directorate of Fisheries 2012). World markets increasingly require 

seafood products to be produced in a sustainable way. Certification systems aim to 

guarantee consumers that the product is produced sustainably (Sahota et al. 2009; Bush et al. 

2013). To maintain the industry’s export markets, pangasius producers need to ensure that 

their fish meet sustainability standards, such as those of the Aquaculture Stewardship 

Council (ASC) or Global G.A.P. (Belton et al. 2011). Belton et al. (2011) indicate that 

water use and water quality (i.e. pond effluent management) are key issues in achieving 

ASC certification. 

One of the main sustainability concerns in pangasius production is the impact on the 

environment, in particular the discharge of organic matter and nutrients, such as nitrogen 

and phosphorus, to the environment causing eutrophication (Bosma et al. 2009). One way 

to mitigate these concerns and fulfil the criteria of the ASC standard is to apply water 

purification at the farm (Anh et al. 2010). Water purification not only has the potential to 

decrease environmental pollution but can also contribute to a reduction in the occurrence of 

fish diseases and thus to decreased mortality and lower use of medicines. Recirculating 

aquaculture system (RAS) have been introduced to reduce waste discharge and to improve 

water quality in fish ponds as a response to environmental regulations (Martins et al. 2010; 

van Rijn 2013). In order to improve sustainability and enhance ASC certification of 

Vietnamese pangasius production, RAS has recently been established at a pilot facility at 

Cai Be station in the Tien Giang province (Wageningen University 2013). With ASC 

certified products, Vietnamese pangasius exporters expect to become more competitive in 

export markets (Beukers et al. 2013).  
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Literature on RAS is limited and generally focuses on technical issues, such as the impact 

on the environment (Martins et al. 2010; Zhang et al. 2011) and growth of the fish (Webb Jr 

et al. 2007; Martins et al. 2009). Economic feasibility analyses have been carried out for 

some fish species, such as Murray cod in Australia (De Ionno et al. 2006), asp (Aspius 

Aspius) and ide (Leuciscus idus) in Poland (Kupren et al. 2008), and tilapia (Oreochromis 

niloticus) in Egypt (Ali 2012) and Norway (Appiah-Kubi 2012). Some studies conclude 

that RAS is an economically viable option (Kupren et al. 2008; Ali 2012), but others argue 

that RAS is only feasible for large-scale production facilities (Appiah-Kubi 2012). Past 

economic studies on RAS have not addressed pangasius, nor assessed the risks of RAS 

arising from uncertainties about different factors, such as future prices, yields, and 

operating expenses. This lack of information may hamper future adoption of RAS by 

Vietnamese pangasius farmers. 

The objective of this paper was to analyse the economic feasibility of RAS in pangasius 

farming in Vietnam. Uncertainty about future prices, yields, operating expenses, and initial 

investment costs is captured using a Monte Carlo simulation. The investment appraisal is 

expected to provide useful insights to private (e.g. farmers) and public sectors considering 

investment in RAS.  

This paper proceeds with a brief description of the two pangasius farming systems (i.e. 

traditional system and RAS), the data collection procedure, and the methodology. This is 

followed by the presentation of results, discussion and conclusions.  

 

Materials and methods 

Description of the two systems 

Traditional pangasius farms usually operate one or several 3 to 5 meter deep fish pond(s) 

with one or two sluice gates, and a feed storage. Stocking densities vary from 5 to 31 

fish/m¬3, depending on the size and availability of fingerlings and the financial capacity of 
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farmers to purchase feedstock (Phan et al. 2009). More recently, most pangasius farmers 

use extruded pellets, except for a few small farms in traditional pangasius areas, such as An 

Giang, where extruded pellets are used together with farm-made feed. Most farms use river 

water in the fish ponds and discharge waste water directly into channels leading to the 

Mekong River. Water exchange is done using pumping or gravity from the tides. 

The application of RAS in pangasius farms requires additional investment in a moving bed 

bio-filter, filter media, septic tank, pumps and pipes for water movement and aeration 

(Figure 3.1). Only extruded pellets are applicable with RAS.  

Water supplement
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(denitrification)
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Figure 3.1 Schematic design of pond with RAS facility, based on Nguyen (2013) 

Data collection 

Economic and technical data were gathered in 2013. A survey was conducted to collect data 

on the traditional system and a workshop was conducted to obtain data on the expected 

performance of RAS. The workshop was also used (1) to increase the number of 

observations on the traditional system for large farms, and (2) to elicit future projections of 
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pangasius prices and yields for both traditional and RAS systems. Surveyed farmers 

originated from An Giang, Can Tho, and Soc Trang provinces, while participants in the 

workshop also came from the Dong Thap, Vinh Long and Tra Vinh provinces (Figure 3.2).  

Soc Trang and Tra Vinh are new areas (salt water intrusion), while the other provinces are 

from the main pangasius areas (fresh water).  

 

Figure 3.2 The sampling location of pangasius farms in the Mekong River Delta 

 

 Survey 

The survey on the traditional system used a structured questionnaire and was carried out by 

personal visits in January 2013. Eighty-two farms located in An Giang, Can Tho, and Soc 

Trang provinces were selected for the survey. These three provinces were selected because 
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pangasius culture in these provinces takes place on relatively small farms. Respondents 

were selected with the help of local aquaculture officers. Questionnaires were pre-tested a 

week before the main survey to improve clarity. The questionnaire consisted of three parts 

addressing 1) initial investment costs; 2) variable costs, fixed costs, and revenues for the 

most recent production cycle from 2012 until January 2013; and 3) farmers’ socio-

economic characteristics.  

Initial investment costs included pond construction, sluice gates, waste water treatment (if 

any), storage houses, and equipment. In case investments were made more than a year ago, 

replacement costs were assessed. Variable costs covered expenses for pond preparation 

before stocking (such as costs of lime, salt, and fungicide), fingerling, feed, energy, repair 

and maintenance, sludge discharge, veterinary services, and labor. Fixed costs consisted of 

land use, depreciation, and interest paid. If a respondent had multiple ponds, then the 

respondent chose one of their ponds as a basis for providing information. Production costs 

and revenues are expressed in USD (applied exchange rate: 1 USD equals 20,000 VND).  

Incomplete questionnaires were excluded from the analysis. The survey resulted in 75 

complete questionnaires and an additional 14 respondents (large farms) completed the 

questionnaire during the workshop. A total of 89 questionnaires were available for the data 

analysis. The average age of the respondents is relatively young, 49 years old, but with 

considerable experience (about 10 years), and up to 9 years of education (Table 3.1). 
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Table 3.1 Number of respondents (farmers and experts) for the traditional system and RAS, 

and the mean and standard deviation of socio-economic characteristics of the respondents 

 
Small 

(<1ha) 

Medium 

(1-3ha) 

Large 

(>3ha)1 
Total1 

Socio-economic 

characteristics4 

Traditional system  

Farmers 
  

 
 

Age 

(years) 

Education 

(years) 

Experience 

(years) 

Main area (fresh 

water)2 
25 27 2 (+9) 54 (+9) 49 (5) 9 (2) 12 (2) 

New area (salt 

water intrusion)3 
9 10 2 (+5) 17 (+5) 43 (0) 9 (1) 7 (1) 

Total 34 37 4 (+14) 
75 

(+14) 
46 (4) 9 (2) 10 (2) 

RAS        

Farmers         

Main area (fresh 

water) 1 9 9 19 47 (5) 10 (3) 13 (1) 

New area (salt 

water intrusion) 3 2 5 10 45 (6) 10 (2) 8 (2) 

Experts    6 40 (5) 16 (1) 12 (4) 

Total   4 11 14 35 45 (7) 12 (2) 11 (5) 

1
Number of respondents from the survey and workshop (in brackets), the classification of 

farm size is based on the study of Belton and Little (2011); 
2
Area consists of An Giang, 

Dong Thap, Can Tho, and Vinh Long provinces; 
3
Area consists of Soc Trang and Tra Vinh 

provinces; 
4
Mean values with standard deviations in brackets. 

 

 

Workshop  

The workshop was organized near the RAS pilot facility in Cai Be in December 2013. 

Participants were 29 farmers and 6 experts (Table 3.1). Small and medium farms were 

selected from the list of the previous survey, whereas the representatives of large farms 

were newly invited through companies and cooperatives. Experts were local aquaculture 

specialists and aquaculture researchers. At the start of the workshop, participants visited the 

pilot site where RAS experts explained the design and operation of the system. Afterwards, 

the large farms (14) were given the opportunity to complete the questionnaire on the 

traditional system first. Next, all participants assessed the perceived costs and revenues of 

RAS using a questionnaire similar to the one used in the survey about the traditional system.  
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Previously filled information on the traditional system was provided as anchor information. 

Respondents could choose either to implement RAS in a completely new pond or in an 

existing pond. All farmers chose the latter. The data obtained from the survey and 

workshop on the traditional system and RAS are summarized in Table 3.2 and 3.3.  

Outliers, defined as values beyond two standard deviations from the median, were excluded 

from the analysis (1.5% of the total number of observations). In addition, zero values 

attributed to sludge discharge costs in RAS were excluded. Some respondents did not 

perceive these costs as being part of the system. 
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Initial investment costs per hectare for the traditional system vary widely amongst the 

categories of farm size, from an average of 64,500 USD for small farms to 83,400 USD for 

medium farms and 97,500 USD for large farms. Likewise, total variable costs per hectare 

differ amongst farm sizes, from an average of 553,500 USD for small farms to 587,600 

USD for medium farms and 598,100 USD for large farms. This variation is due to different 

fish stocking densities and varying prices of feed and veterinary services.  The main cost 

items are feed cost (ranging between 84-86% of total variable costs across farm sizes), 

fingerling cost (7-8%), and veterinary services (2-3%). 

Initial investment cost per hectare for ponds with RAS are perceived to be less variable 

across farm sizes, average costs per hectare are perceived to be 279,500 USD, 333,600 

USD, and 334,000 USD for small, medium, and large farms respectively. Differences likely 

relate to different quantities of granules filter media, which account for about 80% of total 

initial investment cost. Total variable costs per hectare are perceived to be higher than for 

the traditional system, with an average of 644,800 USD, 625,900 USD, and 664,000 USD 

for small, medium, and large farms respectively. The main cost items are attributed to 

extruded pellets (ranging between 84-85% across farm sizes), fingerling (9-10%), and 

veterinary services (1-2%). 

The perceived revenues and costs for ponds with RAS are largely consistent with our 

expectations. In comparison with traditional system, ponds with RAS allow for higher 

stocking density (an increase in fingerling costs of 30-34%), less disease outbreaks 

(reduced veterinary service costs of 39-44%), and lower sludge discharge costs (a decrease 

of 28-50%). Additionally, the continuous need for electricity or back-up power for 

circulation increases energy costs (an increase of 48-80%). Values for interest paid are 

lower than we expected, probably because farmers believe that they will be eligible for low-

interest loan programs offered by the government for investments in aquaculture 

innovations.  In the next phase of the workshop, participants projected pangasius prices and 

yields for a period of 15 years (2013-2028), for both the traditional system and RAS. The  
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15-year period was chosen to capture the assumed lifetime of ponds. Each farmer and 

expert projected prices and yields by filling in figures in the questionnaire (similar to Figure 

3.3). A final estimate of prices and yields per year was obtained in two steps. First, we 

calculated the mean values of all respondents’ projections for four years (2013, 2018, 2023, 

and 2028) and drew a trend line through these four values. Second, a discussion was 

initiated among the respondents until 95% reached a consensus about the trend of the 

presented line. The agreement level is in line with the recommendation of Kaner (2014), i.e. 

at least 80% agreement is acceptable to reflect consensus. Respondents, who did not totally 

agree with the price trend for RAS, stated that “there has been no explicit price premium 

offered by processing companies for Global G.A.P certified pangasius products”. Hence, 

they believe that the price premium for ASC certified pangasius products is also not 

guaranteed.  

The projected consensus values for yields and prices for RAS and traditional systems are 

shown in Figure 3.3. Values for RAS are higher than those of the traditional system. 

Respondents expect a price premium of 0.03 USD per kilogram fish per year with RAS 

compared to the traditional system and the annual yields with RAS are expected to be 1.3 

times higher. 

 



Chapter 3 
 
 

46 

 

 

Figure 3.3 Projection (2013-2028) of prices and yields for the traditional system and RAS 

Net present value (NPV) calculation 

Capital budgeting is an appropriate approach for assessing and comparing the economic 

feasibility of the two pangasius farming systems. The net present value (NPV) method was 

used in this study because it considers cash inflows and outflows over the whole lifetime of 

the investment. An investment’s NPV is defined according to the following equation (Barry 

and Ellinger 2010; Kay et al. 2012): 
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𝑁𝑃𝑉 = −𝐼𝑁𝑉 + ∑
𝑁𝐶𝐹𝑡

(1+𝑖)𝑡
𝑇
𝑡=1 +

𝑉𝑇

(1+𝑖)𝑇
     (3.1) 

 where 𝐼𝑁𝑉  is the initial investment,  𝑁𝐶𝐹  is the annual net cash flow, which 

equals annual cash inflow (annual revenues) minus annual operating cash expenses (sum of 

annual variable costs and annual fixed costs excluding annual depreciation and interest), 𝑉 

is terminal value, 𝑖 is the discount rate, and 𝑇 is the lifetime of the investment. 

The lifetime of the investment in a pond was assumed to be 15 years for both the traditional 

system and the RAS. A salvage value of 0 USD was used for all equipment (including the 

pond) at the end of the investment horizon. The monthly salary for hired labor in the 

aquaculture sector was used as the opportunity cost to quantify the expense of family labor. 

All expenses were assumed to increase by 2% per year due to inflation, based on the 

producer price indexes for agricultural, forestry, and fishery products in the fourth quarter 

of 2012 (General Statistics Office Of Vietnam 2012). Price projections (Figure 3.3) were 

assumed to include a similar inflation percentage. The discount rate was 20%, incorporating 

8% opportunity cost of capital (Agribank 2014), a risk premium of 10% (De Ionno et al. 

2006), and inflation of 2%. Straight line depreciation was assumed for all equipment and 

storage houses.  

Monte Carlo simulation 

Simulation model 

Investment cost, pangasius yields, market prices, and the operating expenses are uncertain. 

In order to assess the risk associated with these uncertain variables, a Monte Carlo 

simulation was developed. The outcomes of the simulation provide information about the 

likelihood that investing in RAS versus the traditional system is economically viable. In 

addition, the simulation results show whether a range (a, b) of NPV likely falls within a 

confidence interval (Gebrezgabher et al. 2012), such that: 

∫ 𝑓(𝑁𝑃𝑉1 …
𝑏

𝑎
𝑁𝑃𝑉𝑘)𝑑𝑁𝑃𝑉 = 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦(𝑎 ≤ 𝑁𝑃𝑉 ≤ 𝑏)   (3.2) 
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 where 𝑓  denotes the probability function based on the NPV input data. The 

Oracle
®
 Crystal Ball software was used to simulate NPV and profit using 1,000 iterations 

(Engle 2010). The stochastic input variables were initial investment cost, annual yields, 

annual prices, and annual expenses, i.e. costs of fingerling, feed, labor, veterinary services, 

land use, sludge discharge, energy, repair and maintenance, and annual interest.  

RAS is costly and thus adoption is more likely by medium and large farms. Simulations 

were carried out for these farms (not for small farms). Normal distributions were used to 

describe uncertain annual prices and annual yields of pangasius farming. Initial investment 

cost and annual operating expenses were specified as triangular distributions. Similar 

distributions were used by Valderrama and Engle (2001) for shrimp farming, and 

Gebrezgabher et al. (2012) for biogas systems.  

The parameterization of the distributions is shown in Table 3.2 and 3.3. For normal 

distributions we used the mean and standard deviation (assumed to be constant over the 

investment horizon of 15 years). For triangular distributions, we used the minimum, 

maximum, and most likely values, which were derived from the minimum, maximum, and 

mean values, respectively (Vose 2008).  The 2014-2028 price and yield projections for each 

farm size were derived by using the relative changes over time (for all farms, as shown in 

Figure 3.3) with the price and yield values for the starting year for each farm size (Table 3.2 

and 3.3). Correlations were applied between feed costs and yields (r=0.9), and between 

fingerling costs and yields (r=0.7), the latter only for medium farms. The correlations (P ≤ 

0.05) were estimated from data from the survey of farms with the traditional system (Table 

3.2) and were assumed to be similar for RAS.  

Sensitivity analysis 

To obtain insight in the stochastic input variables in the simulation that have an important 

impact on the NPV, the Spearman rank correlation coefficients between NPV and the 

variables were computed. The higher the value of the Spearman rank correlation coefficient, 

the higher the correlation between a variable and the NPV, and the stronger the association 

between them.  



 Economic analysis of technological innovations to improve sustainability of pangasius 

production in Vietnam 
 

49 

Results 

Economic performance of RAS 

Table 3.4 presents the mean economic performance of the traditional system and RAS. The 

average annual profit for the traditional system ranges from 97,000 USD/ha (medium farms) 

to 177,000 USD/ha (large farms). After implementing RAS, the average annual profit is 

expected to increase to 228,000 USD/ha and 306,000 USD/ha for medium and large farms. 

In addition, when shifting from the traditional system to RAS, the mean NPV/ha increases 

from 262,000 USD to 539,000 USD for medium farms, and from 589,000 USD to 916,000 

USD for large farms.  

Table 3.4 Mean economic performance of the traditional system and RAS by farm size, 

simulated results from 1000 iterations 

Item 

Traditional  RAS 
Medium farm Large 

farm 

 Medium farm Large 

farm 

i) Initial investment (1,000 USD/ha) 82.0 97.2  326.0 338.0 

ii) Revenues      

Price (USD/kg) 1.22 1.25  1.32 1.35 

Yield (ton/ha/yr) 658.1 707.1  730.0 825.2 

Total (1,000 USD/ha/yr) 802.9 883.9  963.6 1,114.0 

iii) Variable costs      

Pond preparation  1.3 1.6  1.2 1.4 

Fingerling 52.1 52.3  60.0 67.0 

Feed (farm, extruded pellets) 592.0 605.0  604.3 670.0 

Labor (family,  hired) 10.2 11.1  6.1 5.7 

Veterinary services 21.1 18.2  12.1 10.0 

Sludge discharge 2.3 2.6  1.2 1.3 

Energy (electricity, fuel) 4.9 2.3  13.0 14.1 

Repair and maintenance 0.8 1.1  2.9 1.9 

Total (1,000 USD/ha/yr) 684.7 694.2  700.8 771.4 

iv) Fixed costs      

Depreciation 5.4 6.7  17.5 20.0 

Land use  1.7 1.4  1.6 1.7 

Interest paid 20.2 15.7  22.4 27.5 

Total (1,000 USD/ha/yr) 27.3 23.8  41.5 49.2 

Mean profit (1,000 USD/ha/yr) 97 177  228 306 

Mean NPV (1,000 USD/ha) 262 589  539 916 
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In addition to average performance, the robustness of the outcomes is also relevant for 

decision makers. Table 3.5 shows the variation in profitability and NPV for each farm size. 

Results illustrate that there is more variation in the performance of the RAS, as shown by 

the increased standard deviation of profitability and NPV. At the same time, however, the 

performance of RAS is generally better, both for annual profitability and NPV.  

Table 3.5 Simulation results from 1000 iterations for profitability and NPV for traditional 

and RAS systems by farm size 

 Traditional system            RAS  

 Medium farm Large farm  Medium farm Large farm 

Profit (1,000 USD/ha/yr)      

Mean  97 177  228 306 

Standard deviation 23 40  31 68 

5th percentile 59 110  177 194 

95th percentile 138 244  278 420 

Probability (Profit > 0) (%) 99 99  99 99 

NPV (1,000 USD)      

Mean  262 589  539 916 

Standard deviation 131 227  180 374 

5th percentile 57 223  244 310 

95th percentile 486 997  839 1,512 

Probability (NPV > 0) (%) 98 99  99 99 

 

 

Sensitivity analysis 

Table 3.6 shows the highest Spearman rank correlation coefficients between NPV and the 

stochastic input variables. Associations are generally stronger for RAS than for the 

traditional system. Outcomes show that an increase in initial investment cost significantly 

lowers the NPV in the case of RAS, i.e. r = -0.38 and -0.15 for medium and large farms 

respectively. The highest association is found for yields, especially with RAS in large farms 

(r = 0.90). The association between NPV and feed costs is highest for large farms as well 

(r=0.77).   



 Economic analysis of technological innovations to improve sustainability of pangasius 

production in Vietnam 
 

51 

Table 3.6 Spearman rank correlation coefficients between NPV and input variables for the 

traditional system and RAS, by farm size 

Variable  
Traditional system  RAS 

Medium farm  Large farm  Medium farm Large farm  

i) Initial investment -0.19 -0.07  -0.38 -0.15 

ii) Revenues      

Price 0.41 0.20  0.42 0.19 

Pangasius yield 0.64 0.81  0.78 0.90 

iii) Variable costs      

Fingerling 0.42 -0.14  0.52 0.65 

Feed  0.38 0.56  0.64 0.77 

 

Discussion and conclusions 

This study shows that farmers are generally positive about the economic performance of 

RAS. Based on the perceptions of farmers and experts, the NPV of investment in RAS 

substantially increases for both medium and large farms. Crucial factors leading to the 

improved economic performance are improved yields and prices. The increase in 

profitability due to RAS found in this study is in line with studies by Kupren et al. (2008) 

on asp (Aspius Aspius) production, and Ali (2012) and Appiah-Kubi (2012) on tilapia 

(Oreochromis niloticus) production, although the latter only found positive effects for large 

farms.   

This study assesses the economic feasibility of an innovation based on the perception of 

farmers and experts. Our arguments for the validity of this approach are as follows. First, 

this approach is currently the only possible approach for assessing RAS in pangasius 

production in Vietnam, as this system is currently only used in a pilot project. Hence, farm-

level economic information on yields, prices and costs for pangasius cultivation with RAS 

are not available. Second, respondents were well-informed before they started completing 

the questionnaires. The workshop was organized at the pilot facility and the system was 

elaborately shown and explained by the aquaculture expert responsible for running the pilot 

facility prior to completion of the questionnaire. Third, the elicited values at the workshop 

are generally in line with our expectations, e.g. with regard to increased stocking densities 
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and costs of energy. Fourth, the number of outliers was found to be fairly limited. With 

regard to the elicited data for the traditional system, positive net farm incomes were also 

found by Kam et al. (2012), although their scenarios predicted negative results after 2015 

(coastal zones) and 2018 (inland pangasius farms).   

Outcomes of this study can be used by policy makers (such as the Ministry of Agriculture 

and Rural Development of Vietnam) and private sectors (retailers and farmers) to assess the 

robustness of the economic performance of RAS for Vietnamese pangasius farms. The key 

variables influencing the profitability of RAS provide a basis for policy recommendations. 

For instance, to help farmers cope with the relatively high initial investment costs for 

setting up RAS, governments could provide free-interest loan programs to pangasius 

farmers who are willing to implement RAS on their farms. Furthermore, farmers who 

implement RAS expect a price premium for their product and higher yield to partially 

compensate for the high investments. Private sectors (retailers) could provide a price 

premium for ASC certified pangasius products. 
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Abstract  

In response to increasing concerns about sustainable production, a growing number of 

European customers expect seafood products to be certified, e.g. by ASC certification. A 

possible answer to achieve environmental sustainability of Vietnamese pangasius farming 

is to apply recirculating aquaculture system (RAS) at the farm. However, RAS requires 

relatively high initial investments and therefore its adoption depends largely on the 

economic feasibility in the Vietnamese farming context. The latter includes not only 

economic factors but also socio-demographic characteristics of the farmers. This study uses 

a choice experiment to measure farmers’ preferences for RAS in pangasius production in 

Vietnam. 

Findings show that the probability of adopting RAS is positively associated with expected 

higher yields and ASC certification with a price premium, whereas it is negatively 

associated with the initial investment. Location of a farm is also important, i.e. farmers in 

salt water intrusion areas are more likely to implement RAS compared to those in fresh 

water areas. Other variables significantly associated with the probability of adopting RAS 

are age, education, gender, and household income. The overall probability of adopting RAS 

was low; the main constraints for adoption of RAS were farmers’ uncertainty about the 

performance of RAS, lack of access to finance and lack of certainty about receiving the 

ASC price premium. 

To stimulate the adoption of RAS, we recommend that policy makers target farmers with 

farms located in salt water intrusion areas. We further recommend policies that link access 

to credit with investments in sustainability, and the establishment of pioneer RAS farms as 

a way to disseminate information about RAS and reduce farmers’ uncertainty. Lastly, we 

recommend that retailers guarantee price premiums for ASC-certified pangasius.  

Keywords: Pangasius, choice experiment, recirculating aquaculture system, ASC 

certification, price premium. 
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Introduction 

Pangasius has become one of the most important export products of Vietnam. In 2013, 

exports of pangasius were valued around 1.5 billion USD; 24% of exports were to EU 

markets (Globefish 2013). In recent years, the sustainability of pangasius production has 

been increasingly questioned due to disease outbreaks (Phan et al. 2009; Le and Cheong 

2010), water pollution (Bosma et al. 2009; Anh et al. 2010) and antibiotic pollution from 

the discharge of untreated effluents into surrounding aquatic ecosystems (Rico and Van den 

Brink 2014; Andrieu et al. 2015). Furthermore, retailers and buyers in the EU increasingly 

demand pangasius products from environmentally sustainable and socially equitable 

production systems, such as those with Aquaculture Stewardship Council (ASC) 

certification (Bush and Duijf 2011; Little et al. 2012; Halls and Johns 2013).  

To mitigate sustainability concerns and to keep up with the increasing demand for ASC-

certified pangasius, water purification technologies such as re-use and recycling of waste 

materials or the treatment of waste streams could be applied to reduce water pollution from 

pangasius farming (Anh et al. 2010). Recirculating aquaculture system (RAS) was 

suggested as a potential solution to reduce waste discharge and to improve water quality in 

fish ponds as a response to environmental regulations (Martins et al. 2010).  

Traditional pangasius farms usually operate one or several 3 to 5 meter deep fish pond(s) 

with one or two sluice gates, and a feed storage. In the past, the majority of the farmers 

applied chlorine, lime, benzalkonium chloride and salt for water purification. Stocking 

densities vary from 5 to 31 fish/m3, depending on the size, availability of fingerlings and 

the financial capacity of farmers to purchase feedstock (Phan et al. 2009). More recently, 

most pangasius farmers use extruded pellets, except for a few small farms in traditional 

pangasius areas, such as An Giang, where extruded pellets are used together with farm-

made feed. Most farms use river water in the fish ponds and discharge waste water directly 

into channels leading to the Mekong River. Water exchange is done using pumping or 

gravity from the tides (Ngoc et al. 2016b). 
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The application of RAS in pangasius farms requires additional investment in a moving bed 

bio-filter, filter media, septic tank, pumps and pipes for water movement and aeration 

(Ngoc et al. 2016b). In aquaculture, several RAS designs can be used, varying from an in-

door, high-tech installation, for example, in European eel farming, to an in-pond 

configuration with a nitrification reactor and some devices for sludge separation. The 

current study focuses on the latter in-pond configuration. In this system, RAS separates 

solids (i.e. waste and sludge discharge) from the bio-filter into septic tanks, thereby 

improving the water quality inside the ponds and reducing effluent discharge, while 

supplying additional oxygen for the fish. Stocking densities are 76 fish/m3 and only 

extruded pellets are used with RAS (Nhut et al. 2013). Potential advantages are reduced 

disease infections and use of less antibiotics and chemicals (Gutierrez-Wing and Malone 

2006). However, the recirculation leads to high energy consumption either in the form of 

electricity or fuel for circulating in-pond water (d’Orbcastel et al. 2009).  

RAS has been successfully implemented in many countries in Europe for different fish 

species, such as salmon in France, sea bass in the UK and trout in Denmark (see Martins et 

al. (2010) for a review and Badiola et al. (2012)) and also for low-value fishes such as 

tilapia in North America (Bunting et al. 2005) and African catfish in The Netherlands 

(Eding and Kamstra 2002). As a response to sustainability concerns, the Vietnamese 

government wishes to stimulate ASC certification and compliance, in which RAS can play 

an important role. Recently, RAS has been implemented in a farm-scale pilot project for 

Vietnamese pangasius production. Based on the perceptions of farmers, Ngoc et al. (2016b) 

showed that farmers from large farms (greater than or equal to 3 ha) are generally positive 

about the expected economic performance of RAS. However, the adoption of RAS faces 

some constraints. Initial investment costs for RAS are relatively high Ngoc et al. (2016b). 

Furthermore, future yields, prices and operating costs for RAS are still fairly uncertain. 

This uncertainty combined with the high initial investment costs means that the economic 

feasibility is also uncertain and this may constrain the adoption of these modern production 

systems (Ngoc et al. 2016b).To the best of the authors’ knowledge, no previous studies 

have evaluated the willingness of farmers to adopt RAS or explored the factors that might 

influence this willingness. 
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The objective of this paper is to investigate the key determinants influencing the adoption 

of RAS by Vietnamese pangasius farmers. Given the high initial investment, we focus on 

large farms as these are more likely to adopt RAS due to their relative cost advantage 

(Pannell et al. 2006). In Vietnamese aquaculture, farms equal to or greater than 3ha are 

considered as large farms. We defined key decision attributes and analysed decisions using 

a choice experiment. We expect the outcomes of this paper to provide useful insights to 

policy makers, which can be used to design policies and strategies that provide incentives 

for RAS adoption. The outcomes are relevant to policy makers from the Directorate of 

Fisheries, Ministry of Agriculture and Rural Development, and Local Aquaculture 

Departments in Vietnam, and to retailers and buyers in the EU.  

This paper proceeds with the conceptual framework, presents the data collection, design of 

the choice experiment and the empirical model. This is followed by the presentation of 

results and discussion, conclusions and policy implications. 

 

Conceptual framework  

This paper is based on the expected utility theory, which postulates that within a set of 

choices, an investor will opt for the choice that maximizes her or his own expected utility 

(Fishburn 1970). Expected utility is generally regarded as a function of profitability, 

implying that the investor’s goal is to maximize utility by choosing the investment that 

offers the highest net profitability. Net Present Value (NPV) is the most complete and 

widely used investment appraisal method to assess profitability of an investment (Kay et al. 

2012). The decision to invest is made when the expected present value of the investment 

cash inflows exceeds the investment cash outflows, i.e. the NPV is positive. NPV is defined 

by Kay et al. (2012) as: 

𝑁𝑃𝑉 = −𝐼𝑁𝑉 + ∑
𝑁𝐶𝐹𝑡

(1+𝑖)𝑡
𝑇
𝑡=1 +

𝑉𝑇

(1+𝑖)𝑇
     (4.1) 



Chapter 4 
 
 

58 

 where 𝐼𝑁𝑉  is the initial investment,  𝑁𝐶𝐹  is the annual net cash flow, which 

equals annual cash inflow (i.e. annual revenues) minus annual operating cash expenses, 𝑉 is 

the terminal value, 𝑖 is the discount rate and 𝑇 is the lifetime of the investment. Discount 

rates contain three components: inflation, opportunity costs of capital and a premium for 

the level of risk embodied in the investment (Kay et al. 2012). We regard the NPV 

parameters in (4.1) as crucial for adoption decisions, and hence they form the key attributes 

in the conceptual framework of the choice experiment. The relevance of the NPV attributes 

for adoption decisions is supported by literature. For instance, Pannell et al. (2006) 

concluded in an extensive review on adoption decisions in agriculture that a higher initial 

investment negatively associates with the likelihood of adoption. With regard to the annual 

net cash flows, the literature shows positive associations between the likelihood of adoption 

and future yields, output prices (Pannell et al. 2006) and a price premium for 

environmentally certified products (Aguilar and Vlosky 2007; Espinosa‐Goded et al. 2010). 

With regard to the discount rate, Pannell et al. (2006) also confirmed that innovations 

subject to much uncertainty (i.e. reflected in a relatively high discount factor) are less likely 

to be adopted.  

The literature provides evidence that socio-economic variables, including farmer 

demographics and farm characteristics, can also affect the NPV in (4.1). A number of 

variables can affect net cash flows, including farm size, farm location and extension 

services. Regarding farm size, larger farms have more potential to achieve economies of 

scale (Pannell et al. 2006; Gebrezgabher et al. 2015). As a result, larger farms tend to 

achieve a lower long run average cost than smaller farms. Likewise, farm locations, which 

capture regional differences in environmental conditions and infrastructure, are expected to 

influence expenses and returns generated from an investment (Khanna 2001). Furthermore, 

the availability of information provided by private or public extension services enhances the 

technical performance of innovations, which has a direct impact on the net cash flows 

(Oude Lansink et al. 2003; Pannell et al. 2006).  

The discount rate in (4.1) can also be affected by socioeconomic variables, including credit 

accessibility, education, learning effects from neighbours, household income and gender. 
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Credit accessibility refers to the ease or difficulty in acquiring credit, which will affect the 

opportunity costs of capital (Ismael 2013). With regard to education, Knight et al. (2003), 

Marra et al. (2003) and Prokopy et al. (2008) concluded that more educated farmers are 

better able to access and understand new information, likely reducing the risk associated 

with the adoption of a technological innovation. Similarly, learning effects from neighbours 

may eliminate the riskiness related to the innovation, when the neighbours have sufficient 

experience to make adoption profitable (Mercer 2004). Additionally, the level of household 

income may have a risk-reducing effect in adopting innovations, as more financial 

resources imply enhanced opportunities to frequently consult with extension services 

(Marra et al. 2003; Pannell et al. 2006). A further risk-related socioeconomic characteristic 

is gender, as men are generally more willing than women to take risks in investment 

decisions (Knight et al. 2003). Gillespie et al. (2007) argued that this is why male farmers 

were found to more likely adopt best management practices in the beef cattle industry.  

Another demographic characteristic, which is likely to affect the NPV in (4.1) is age. Oude 

Lansink et al. (2003) and Koundouri et al. (2006) found that younger farmers tend to have a 

longer planning horizon, thereby potentially extending the lifetime of an investment. 

 

Materials and methods  

Choice experiment 

To evaluate the role of different variables in the adoption of RAS, a choice experiment was 

designed and administered to pangasius farmers. A choice experiment, i.e. a stated 

preference valuation method, is a known approach to measure the degree of preferences of 

respondents to a particular product that is not traded in the real market (Louviere et al. 

2000). An example among aquaculture studies is that Grimsrud et al. (2013) used a choice 

experiment to estimate the average annual willingness to pay for improved welfare of 

farmed salmon. A choice experiment involves the following steps: determining attributes 

and their levels, designing choice cards and collecting data. 
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Developing attributes and attribute levels 

For the selection of attributes, we first created a long-list of attributes from the NPV 

framework presented in section of conceptual framework.  Second, four experts from the 

SUPA project
1
 selected key attributes from this list and were asked to add additional 

attributes if deemed necessary. The experts had different disciplinary backgrounds, such as 

economics or aquaculture, and were all knowledgeable on pangasius farming and RAS.  

The four SUPA experts selected eight attributes from the NPV framework, i.e. initial 

investment, yields, price premium, uncertainty, farm size, the availability of extension 

services, access to credit and neighbours. Two additional attributes were added, which 

covered fish quality and the opportunity to acquire ASC certification.  

In the third step, we reworked these ten attributes into statements about RAS adoption 

(Table 4.1). Statements were evaluated by twenty-nine pangasius farmers and six experts 

(local aquaculture specialists and aquaculture researchers) during a workshop, which was 

organised to inform pangasius farmers about RAS and to discuss economic prospects. The 

workshop took place at the pilot RAS facility in Tien Giang in December 2013. The 

majority of farmers present at the workshop were from medium and large farms: four small 

(<1ha), eleven medium (1-3ha) and fourteen large farms (>3ha). Statements were evaluated 

using Likert scales from 1 (strongly disagree) to 5 (strongly agree). Results in Table 4.1 

show that participants had doubts about the RAS-induced improvement in fish quality (i.e. 

only 30% gave a score of 4 or 5) and the spill-over effects from neighbours (17% gave a 

score of 4 or 5). The relatively low scores for these two attributes could be because RAS is 

currently still at the pilot stage in Vietnam. Additionally, learning from neighbours is 

generally more important for small-scale farms (Pannell et al. 2006). 

 

                                                 
1  SUPA (Improving waste management for pangasius culture in the Mekong Delta of 

Vietnam), a public-private project funded by the Dutch Ministry of Economics, the 

Vietnamese Ministry of Agriculture and Rural Development and private companies, such as 

Queens, Marine Harvest, Vinh Hoan and Provimi. 
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Table 4.1 Attributes, the corresponding statements about RAS, and the percentage of 

respondents for each level of agreement with the statement, where 1 is strongly disagree 

and 5 is strongly agree (n= 35) 

Attribute  Statement 1 2 3 4 5 

Initial investment I expect that RAS adoption costs are too high 0 0 3 49 31 

Yields 

 

With RAS, I expect higher yields due to a 

decreased fish mortality rate  

0 0 3 60 20 

Price premium I expect that with RAS I will receive a price 

premium  

0 0 3 57 23 

Uncertainty I believe that the RAS investment is too risky  0 6 3 57 17 

Farm size My farm is too small to adopt RAS 0 9 6 49 20 

Extension services I expect that extension services will help me 

in working with RAS  

0 0 0 71 11 

Access to credit I cannot invest in RAS due to insufficient 

access to credit  

3 0 12 60 8 

Neighbour effect I will invest in RAS if other farms have 

applied RAS successfully  

14 40 11 17 0 

Fish quality With RAS, I expect better pangasius quality  3 30 20 9 21 

ASC certification I expect that by adopting RAS, I am better 

able to fulfil ASC requirements  

0 2 6 58 17 

 

In the fourth step, we defined the final list of attributes. We followed the recommendation 

of Abiiro et al. (2014), i.e. a relatively low number of attributes keeps the number of choice 

cards manageable for respondents. The final list contained attributes for which at least 75% 

of participants gave a score of 4 or 5 (Table 4.1): initial investment, yields, price premium, 

extension services and ASC certification). Uncertainty, although very close to this threshold 

(74% of respondents gave a score of 4or 5), was excluded as an attribute due to overlap 

with yields, price premium and initial investment, each of which already includes a degree 

of uncertainty. Furthermore, ASC certification and price premium were considered to be 

related and therefore these two attributes were merged into a single variable, as RAS might 

contribute to fulfilling the requirements of ASC certification and hence the achievement of 

a price premium. Keeping them as separate variables would conflict with the requirement in 

choice experiments to have variables that are mutually exclusive. The final list of attributes 
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contained (1) initial investment, (2) yields, (3) extension services and (4) ASC certification 

with price premium.  

We next defined attribute levels for each of the selected attributes. We followed the 

recommendation of Bateman et al. (2002) that the attribute levels should be realistic, span 

the range of individuals’ expectations and practically achievable. Extreme values for levels 

were selected, in order to ensure tradeoffs between attributes while remaining acceptable 

for the respondent (Kløjgaard et al. 2012).  

For the situation with RAS, attribute levels for initial investment and expected yields were 

derived from Ngoc et al. (2016b), who studied the economic feasibility of RAS in 

Vietnamese pangasius farms. For extension services, fees were determined in consultation 

with local aquaculture departments. Free services were provided by government whereas 

private service costs were 800 USD per month. Attribute levels for price premium were 

derived from literature. At farm level, Ngoc et al.(2016b) found a price premium of 3% for 

ASC certified pangasius, whereas Beukers et al. (2013) found premiums of 10% and 20%. 

The latter two values for price premiums were selected as attribute levels, as these were 

considered to be the most extreme values. 

The traditional system was used as the reference situation. For this situation, attribute levels 

for initial investment and yields were taken from Ngoc et al. (2016b). For extension services 

we assumed that government services were free. For ASC certification with price premium, 

a 0% price premium was assumed. The final attributes and their levels for both situations 

are reported in Table 4.2.  

 

 

 

 

 



 Economic analysis of technological innovations to improve sustainability of pangasius 

production in Vietnam 
 

63 

Table 4.2 Final attributes and levels for the traditional system and RAS 

Attribute  Unit 
Traditional system  

(reference situation) 
RAS  

Initial investment 1,000 USD per 

ha 

110 180; 380; 720 

Yields  Tonne per ha 

per year 

650 360; 790; 2,000 

Extension 

services 

USD per month For free 800; for free 

ASC with price 

premium 

% ASC with 0% price 

premium 

ASC with 10% price 

premium; ASC with 20% 

price premium 

 

Generation of choice cards 

A combination of two attributes with three levels, and two attributes with two levels 

resulted in a full factorial design with thirty-six profiles. We considered it unreasonable to 

ask each respondent to evaluate thirty-six profiles. Hence, an orthogonal fractional factorial 

design (Addelman 1972) was implemented, using SPSS software, to generate eighteen 

calibration profiles. This enabled the unconfounded estimation of the main effects (no 

interaction was assumed). In addition, four holdout profiles were included. Holdout profiles 

are exact duplicates of the calibration profiles, used to check the consistency of respondents. 

The holdout profiles were randomly mixed with other profiles. The profiles were presented 

as choice cards, for which farmers were asked to choose either (1) the traditional system or 

(2) in-pond RAS. Table 4.3 shows an example of a choice card presented to respondents.  
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Table 4.3 Example of a choice card 

Question: Which of the two farming situations below do you prefer most? (Tick your 

option)  

Attribute Traditional system In-pond RAS 

Initial investment 110 (1,000 USD per ha) 180 (1,000 USD per ha) 

Yields 650 (tonne per ha per year) 790 (tonne per ha per year) 

Extension services  For free  800 (USD per month) 

ASC with price premium ASC with 0% price premium                                   ASC with 10%  price 

premium                                   

Please select the option 

you prefer most 
⧠ ⧠ 

 

Data collection 

 

Choice experiments were conducted during three workshops, attended by a total of ninety-

five farmers with a large farm (≥ 3ha). Data were collected using a structured questionnaire, 

which covered: (i) introductory questions (e.g. general information on the ASC certification 

status of each farm, how respondents perceived the water quality of their current fish ponds 

and questions on information about RAS), (ii) choice cards, (iii) questions on 

socioeconomic characteristics and (iv) statements to further clarify the adoption decision. 

The statements for additional clarification were organised as two sets of seven statements 

each. A farmer was asked to answer the first set if (s)he mostly (> 11 choice cards) chose 

RAS, otherwise the farmer was asked to answer the second set. In case of equal preference, 

the farmer was free to choose either of the sets. Statements were derived from the NPV 

framework and were generally similar for both sets. The statements are shown in Table 4.6.  

Participants were randomly selected with the help of local aquaculture officers and were 

from representative pangasius farming regions, including An Giang, Dong Thap, Can Tho, 

Vinh Long (the main pangasius fresh water production region) and Soc Trang provinces (a 

newly developed salt water intrusion region). The selection was based on the lists of 

pangasius farmers of Aquaculture Department in each province. The farms participating in 
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the workshop covered 12% of the total pangasius farming area in the Mekong River Delta. 

Respondents in the workshops were in a position to make investment decisions for their 

farms, and were either managers or key technicians.  

The questionnaire was pre-tested with two farmers to ensure that the questions were clear 

and the choice tasks were manageable. The first workshop took place in Can Tho and 

included participants from Can Tho, Vinh Long and Soc Trang provinces. The other two 

workshops were held in An Giang and Dong Thap. An Giang, Dong Thap, Can Tho and 

Vinh Long are located in the main pangasius production region, which is a fresh water 

region. Soc Trang is a newly developed, salt water intrusion region. All workshops took 

place in September 2014.  

The information presented to the workshop participants included two blocks. The first 

block covered the background of our research and provided information about the 

establishment and operating mechanisms of RAS. This was followed by twenty minutes for 

further questioning and discussion to enhance the understanding about RAS. The second 

block contained the choice experiment and used the structured questionnaire in small 

groups of eight respondents with one enumerator per group. Enumerators asked and 

explained the questions one by one to ensure all respondents in the group could give a 

thoughtful answer. Respondents answered questionnaires individually.  

Sample description 

The statistical description of the sample of farms and the socioeconomic characteristics of 

farmers is shown in Table 4.4. The average age of farmers was fairly young, fourty-three 

years old, with completed high school education and an average household income of about 

844 USD per month (applied exchange rate: 1 USD equals 20,000 VND). Farmers were 

mainly male (80%), and mostly originated from a fresh water region (89%). Fourteen per 

cent of the farms already had ASC certification and received an average price premium of 

0.04 USD per kilogram of pangasius fillet, i.e. the 3% premium. A further 17% of farms 

were in the application process for ASC certification. Most farmers (63%) perceived that 

the water quality in their current fish pond was at a neutral level. A neutral level of water 
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quality may hamper the ability to currently achieve ASC certification, as certification 

requires a high level of water quality. The majority of farmers did not have ASC 

certification (69%), and 62% of respondents had no prior knowledge of RAS.  

Table 4.4 Summary statistics of respondents’ socioeconomic and farm characteristics 

(n=95) 

Characteristic 
Mean Frequency 

(%) 

Standard 

deviation 

Minimum Maximum 

Age (years) 42.6  12.1 24 70 

Education (years) 12.6  3.9 5 16 

Household income (USD/month) 844  524 250 1,750 

Male (dummy,1 if male) 0.8  0.3 0 1 

Farm size (ha) 5.8  4.7 3 20 

Farms in fresh water region   89    

Farms in salt water intrusion region   11    

ASC certification status (% of 

respondent) 

- ASC certification 

- No ASC certification 

- In ASC certification application 

process 

  

14 

69 

17 

   

Current price premium with ASC 

(USD/kg) 

0.04  0.02 0.02 0.05 

In-pond water quality status of own 

farm  

- Very bad 

- Bad 

- Neutral 

- Good 

- Very good 

  

0 

3 

63 

32 

2 

   

Information about RAS 

- Never heard about RAS 

- Have some information about RAS 

- Have enough information about 

RAS 

  

62 

38 

0 

   

 

 

Binary probit model 

A binary probit model was used to estimate the probability that respondents choose the 

traditional system or RAS. The model was estimated using EVIEWS version 6. The probit 
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model has been used in a number of adoption studies, for example Gracia and de Magistris 

(2008) and Keelan et al. (2009). Choice models are typically based on the theory of utility 

maximization of Lancaster (1966). Let 𝑈𝑖𝑗  represent the utility of respondent 𝑖 (𝑖=1, 2,..., I) 

for system 𝑗 (𝑗 = 1 for traditional system and 𝑗 =2 for RAS). The linear random utility 

model is then: 

𝑈𝑖𝑗 = 𝑥𝑖𝑗
′ 𝛽𝑘𝑗

′ + 𝜀𝑖𝑗       (4.1) 

 where 𝑥𝑖
′ are the observable vectors representing the choice experiment attributes 

and key farm and farmer characteristics: initial investment (10,000 USD/ha), yields (10 

tonne/ha/year), extension services (1,000 USD/month), ASC with price premium (%), 

location (1 if salt water intrusion region, 0 if fresh water region), education (years), income 

(1,000 USD/month), gender (1 if female, 0 if male), age (years), age
2 
(years) and farm with 

ASC (1 if yes, 0 if no). We used the quadratic form for the age variable (age
2
) to capture the 

nonlinear impact of age on the probability of adopting RAS. In the binary probit model the 

dummy variable farm with ASC was additionally included to examine whether there was a 

difference in the willingness to adopt RAS between farms with ASC and farms without 

ASC. Farmers already having ASC creditation may still want to adopt RAS to improve 

water quality and disease control.  

𝛽𝑘
′  are the vectors of estimated parameters in the model (𝑘 = 1,2, … ,11). The random error 

terms, 𝜀𝑖𝑗 , are assumed to be normally distributed and representing unobservable variables, 

measurement errors and specification errors.  

In the choice decision, a respondent selects the option that maximizes her/his utility 

(Louviere et al. 2000). We denoted the respondent choosing to adopt RAS by 𝑌𝑖 = 1; 

𝑌𝑖 = 0  indicated a respondent choosing the traditional system. The probability of a 

respondent choosing to adopt RAS, inferring 𝑈2 > 𝑈1, is:  

𝑃𝑟𝑜𝑏(𝑌𝑖 = 1|𝑥𝑖
′) = 𝐹(𝑥𝑖

′𝛽𝑘
′ )        (4.2) 

𝑃𝑟𝑜𝑏(𝑌𝑖 = 0|𝑥𝑖
′) = 1 − 𝐹(𝑥𝑖

′𝛽𝑘
′ )      (4.3) 
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𝐹 is the standard normal cumulative distribution function, for which values range from 0 to 

1. As binary choice models are estimated using maximum likelihood estimation, the signs 

of estimated parameters can be directly interpreted but not the magnitude of the estimated 

coefficients. For interpretation purposes, the marginal effect is preferred. The marginal 

effect of a change in variable 𝑥𝑖𝑘 on the probability that 𝑌𝑖 = 1 was computed as the partial 

derivative of the probit function with respect to 𝑥𝑖: 

𝜕𝐹(𝑥𝑖
′𝛽𝑘)

𝜕𝑥𝑘
= 𝐹′(𝑥𝑖

′𝛽𝑘
′ ) ∗ 𝛽𝑘       (4.4)    

For the variable age, which contains a linear and a quadratic term, the composite marginal 

effect at average age was estimated as: 

𝜕𝐹(𝑥𝑖
′𝛽)

𝜕𝑎𝑔𝑒
= 𝐹′(𝑥𝑖

′𝛽𝑘
′ ) ∗ (𝛽𝑘−1 + 2𝛽𝑘𝑎𝑔𝑒)     (4.5) 

 

Results and discussion 

Factors affecting RAS adoption 

The regression results of the binary probit model and the marginal effects of the 

independent variables are shown in Table 4.5. The goodness-of-fit is reflected in the 

Pseudo-R
2
 (0.21) at the 1% significance level, with an overall correct prediction rate of 

78.4%, suggesting the model is well fitted and the independent variables in the model have 

a reasonable prediction power. The probit model predicts 23% of all respondents opting for 

RAS, which is somewhat lower than observed in the choice experiment (26%). The 

relatively low adoption may relate to uncertainty attributed to the economic feasibility of 

RAS. Overall, the results of the binary probit model show that all parameters are 

statistically significant at either the 1%, 5% or 10% significance level, except for extension 

services and farm with ASC.  
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The attribute initial investment has a negative effect on RAS adoption. The marginal effect 

indicates that a one unit increase in initial investment decreases the probability of adopting 

RAS by 0.5%. Innovations with high initial investment are less attractive to farmers, as 

investing in a new technology entails sunk costs related to irreversibility (Koundouri et al. 

2006; Pannell et al. 2006). Similarly, the result by Murray et al. (2014) and Schneider et al. 

(2006) showed that the high initial investment costs is also an important factor leading to 

slow adoption of RAS in Europe. In contrast, yields and ASC certification with price 

premium have a positive effect on RAS adoption. The probability of RAS adoption 

increases by 0.2% for a one unit increase in yields and by 1.2% for a one unit increase in 

ASC with price premium. In RAS, high stocking densities and production levels are 

required to be able to cover investment costs (Martins et al. 2010). This is in accordance 

with Ngoc et al. (2016b), who found that higher yields and a price premium are positively 

associated with the profitability of RAS. A study of Wetengere (2011) also suggested that 

farmers are more likely to adopt fish farming technology if the introduced system is 

expected to be profitable.  

Farm-specific characteristics also impact on the likelihood of RAS adoption. For instance, 

there is a positive relationship between the dummy variable location and RAS adoption, 

suggesting that farmers with farms located in a salt water intrusion region are 22% more 

willing to adopt RAS than those in a fresh water region. This in line with our prior 

expectation that farmers with farms located in the salt water intrusion region are more 

likely to adopt RAS, as RAS reduces fresh water requirements.  

In terms of farmer-specific characteristics, education has a positive effect on adoption. 

Results show that an additional year of education increases the probability of adopting RAS 

by 0.6%. This result reveals that education plays a role in increasing the probability of 

farmers adopting RAS. Prokopy et al. (2008) and Gebrezgabher et al. (2015) suggest that 

higher educated farmers may have a more open mind towards new technological 

information as well as better capability to access and process such information.  

Another farmer characteristic with a positive effect on the adoption of RAS is household 

income; a one unit increase in household income leads to a 7% increase in the likelihood of 
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RAS adoption. This provides support for the observation that even when new technologies 

require large amounts of money initially, wealthy farmers still readily adopt them (Ofuoku 

et al. 2008; Bosma et al. 2012). The positive relationship between RAS adoption and 

household income is in line with our expectations, based on Marra et al. (2003) and Pannell 

et al. (2006). 

We found gender to be negatively related to RAS adoption, consistent with our 

expectations. This indicates that the probability of male farmers adopting RAS is 8% higher 

than the probability of female famers adopting RAS. This result is consistent with the 

findings of Adelaja (2013) and Brummett et al. (2010) who pointed out that fishery 

activities are mostly dominated by men. 

The compositepiled marginal effect of age (i.e. age and age
2
) has a significantly negative 

effect on RAS adoption, indicating that a farmer is more likely to adopt RAS up to the age 

of 32 years (i.e. by solving age in (5)) at which time the farmer begins to decrease adoption 

by 0.9% with each additional year. Younger farmers may have longer planning horizons 

and are therefore more likely to accept the risks associated with innovations, thus 

confirming the findings of Oude Lansink et al. (2003), Asfaw and Admassie (2004) and 

Koundouri et al. (2006).   

The non-significance of extension services suggests that farmers may rely on their own 

experience, or may have sufficiently large farms to employ qualified staff themselves. It 

might also relate to a lack of trust in public and private extension programs (Pannell et al. 

2006). In contrast to our results, aquaculture extension and training of fish farmers 

stimulated the adoption of technology innovations in Ghana (Nwaobiala 2014) and in 

Bangladesh (Sakib and Afrad 2014). We also found that farm with ASC has no significant 

effect on RAS adoption. This implies that there is no difference between farms with ASC 

and farms without ASC in the probability of RAS adoption. This confirms our prior 

hypothesis that farms with ASC may still consider adopting RAS to improve water quality 

and disease control.  
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To check for the consistency of respondents, the Pearson correlation coefficient of 

individual respondents was estimated using the holdout profiles. The mean of the 

individual-level Pearson correlation coefficients was relatively high, 0.68, implying that 

respondents were mainly consistent in their choices.  

Table 4.5 Parameter estimates from the binary probit model and calculated marginal effects 

on the probability of RAS adoption 

Variable Coefficient Marginal effect Standard 

errora 
P valuea 

Constant  -2.140 ***    

Attribute       

Initial investment  -0.017   *** -0.005 0.000 0.000 

Yields 0.008  *** 0.002 0.000 0.000 

Extension services -0.053  -0.018 0.031 0.563 

ASC with price premium 0.039  *** 0.012 0.002 0.000 

Farmers and farms variable 

Location  0.627  *** 0.215 0.040 0.000 

Education  0.018   ** 0.006 0.003 0.040 

Income 0.230  *** 0.070 0.020 0.001 

Gender  -0.275  ** -0.077 0.029 0.016 

Age 0.035  * -0.009b 0.023b 0.069b 

Age2 -0.000  **    

Farm with ASC 0.160  0.050 0.035 0.144 

Log-likelihood -788.4     

𝜒2  447.78  ***   

Pseudo-R2 0.22     

Calculated probability 

(Y=1)  

23%     

Overall correctly predicted 78.4%     

Total # observations 1710     

***Values significant at 1% level; **Values significant at 5% level; *Values significant at 

10% level; 
a
Standard erros for the coefficient; 

b
Values for composite age (i.e. age and age

2
). 

 

Additional clarification of adoption decisions 

Findings from the choice experiment show a relatively low overall preference to adopt RAS. 

This is supported by the answers to the statements, which aimed to clarify the choice to 

either adopt RAS or maintain the traditional system (Table 4.6). For instance, in order to 

adopt RAS, farmers perceived ASC with price premium as the most important attribute 
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(Table 4.5). Statements in Table 4.6 however, demonstrate that farmers’ trust in price 

premiums is very low. Only 32% of adopters expected to receive a premium (implying 68% 

have doubts about this), and 60% of non-adopters did not believe that they would receive a 

price premium. The reason for the low trust of farmers in obtaining a price premium is that 

an explicit price premium has not been offered so far by processing companies for Global 

G.A.P certified pangasius products (Ngoc et al. 2016b). Thus, farmers believe that price 

premiums for ASC certified pangasius products are not guaranteed, although price 

premiums are provided at retail level for other certified fishes, for example, ecolabelled fish 

in Sweden (Blomquist et al. 2015) and Marine Stewardship Council (MSC) certified frozen 

processed Alaska pollock products in UK (Roheim et al. 2011). The question remains 

however whether price increases at retail level are fully transmitted to the farm level. As 

such, there is a need for further research in price transmission along the Vietnamese 

pangasius chain in international trading. From the choice experiment we also found that the 

level of the initial investment is important. Table 4.6 shows that a lack of access to credit 

may inhibit costly investments. A study of Mityata and Manatunge (2004) on factors 

influencing adoption of floating net aquaculture in Indonesia also showed that access to 

credit is an important factor limiting the adoption of the innovation, particularly for 

financially constrained farms in developing countries. For instance, only 16% of adopters 

indicated that they have the financial capacity to invest in RAS. Among non-adopters, 46% 

perceived their access to finance as inadequate.  

We furthermore found yields to be an important attribute determining RAS adoption. Table 

4.6 shows that farmers do believe that RAS improves in-pond water quality (52%) and 

controls disease outbreaks (36%), and therefore might increase yields. The relatively low 

percentages may represent a high degree of uncertainty among farmers about the actual 

performance of RAS. This might also be reflected in the modest belief in a successful 

implementation of the system (12%), questions about actual reductions of discharge 

volumes (32%), and the perception that the system uses a lot of electricity (43%).  
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Table 4.6 Statements describing the motivation for choosing RAS or the traditional system 

and the percentage of respondents in agreement 

Statement of reason %  

Adopting RAS (n=25)1  

a) I have the financial capacity to adopt RAS 16 

b) I expect ASC-certified pangasius will get a price premium 32 

c) I expect that with RAS, the water quality in my fish pond will substantially improve 52 

d) I expect that by adopting RAS, I am better able to fulfil ASC requirements 36 

e) I believe that RAS would be successful on my farm 12 

f) RAS may help reduce discharge volumes, leading to lower environmental taxes in 

the near future 

32 

g) I expect that with RAS, disease can be controlled 36 

Not adopting RAS (maintain traditional system) (n=70)  

a) I don’t have the financial capacity to adopt RAS  46 

b) I don’t think I will get a price premium with ASC-certified pangasius 60 

c) I don’t see any concerns regarding the water quality in my pangasius pond 10 

d) I don’t believe that RAS would help me to fulfil the requirements of ASC 

certification 

26 

e) RAS uses a lot of electricity 43 

f) I don’t care about obtaining ASC certification 34 

g) Establishing and operating RAS seems complex to me 20 

1
Chosen by a farmer if (s)he preferred RAS in most of the choice cards (> 11); otherwise a 

farmer was required to choose the second set (maintain traditional system). In case of 

indifference, a farmer could select either set.  

 

Conclusions and policy implications 

Adoption of water purification technology, such as RAS, is considered to be an important 

step to achieve compliance with sustainability certifications and disease control in 

pangasius farming. In this study, we analysed the attributes and socioeconomic variables 

affecting the intention to adopt RAS using a choice experiment, conducted among ninety-

five large pangasius farms.  

Results suggest that RAS with lower initial investment, expected higher yields and a 

guarantee of a price premium for ASC-certified pangasius is likely to encourage farmers to 

adopt RAS, especially in areas suffering from salt intrusion and among younger farmers 

with a higher level of education and a higher household income. In general however, we 
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found a relatively low preference to adopt RAS. Lack of trust in receiving a price premium, 

inadequate access to finance and uncertainty about the actual performance of RAS seem to 

be constraints for the adoption of RAS.  

The findings of the choice experiment and additional clarifications are regarded as fairly 

robust due to the set-up of the workshops, i.e. with in-depth elaboration on RAS, the 

presence of multiple enumerators and the clarification of questions in small groups. We 

also found a relatively large consistency across answers in profiles, as illustrated by the 

high correlation between calibration and holdout profiles, and the answers to the additional 

statements provided. At the time of the study, fish in in-pond pilot RAS was already 

harvested. If respondents could have personally visited the pilot RAS demonstration site, 

robustness of results might have further improved.  

If the adoption of RAS is to be enhanced, policy makers can stimulate the introduction of 

RAS by targeting male farmers younger than thirty-two years old with higher education 

levels, higher household income and with farms located in salt water intrusion regions. In 

addition, given the importance of the size of the initial investment and the perceived 

limitations with regard to access to finance, credit programs might be established that link 

access to credit with farm investments targeting sustainability. Furthermore, policy makers 

could improve the dissemination of information about technological innovations in 

pangasius farming by establishing pioneer farms demonstrating the use of RAS, 

accumulating of sufficient local technical capacity of RAS, and conducting technical 

training on RAS using the existing extension system in the Mekong Delta area. All of these 

would certainly help to reduce farmers’ uncertainty about the system and hence, increase 

the chance to adopt RAS. Our results suggest that if the adoption of RAS is to be increased, 

it is crucial that processors and retailers provide and guarantee a price premium for certified 

pangasius. 
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Abstract 

Symmetric price transmission in international chains is important to ensure that price 

premiums paid by consumers for environmental sustainability labels are transmitted 

upstream to farmers. This facilitates investment in sustainable aquaculture systems. This 

study analyses the price transmission from the Polish retail stage to the Vietnamese farm, 

focusing on frozen pangasius fillets. We used monthly nominal prices at farm and export 

stages in Vietnam, and at wholesale and retail stages in Poland for the period from August 

2010 to December 2014. Price signals at the Polish retail stage were found to transmit back 

to the wholesale, export, and farm stages. Moreover, price transmission from wholesale to 

export and from export to farm is characterized by both short- and long-run symmetries. In 

the short run, retailers tend to transmit only wholesale price increases to their customers and 

wholesalers transmit only retail price increases to exporters. A long-run relationship 

between retailers and wholesalers is absent, thereby reducing the ability of chain actors to 

respond to all market signals, including downward changes.  

Given the delay in price transmission in the short run, the introduction of business-to-

business electronic trading or auction markets might reduce this delay along the retail, 

wholesale, export, and farm stages. To enhance the long-run price relationship in the 

wholesale-retail market, more retailers should enter the pangasius market. The transmission 

of price changes from Polish markets back to Vietnamese pangasius farmers is a positive 

signal for farmers to invest in sustainable production methods, as consumer price premiums 

likely flow back to the farm. 

Key words: price transmission, bargaining power, pangasius, Vietnam, sustainability 

certification 
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Introduction  

Fish is highly traded in the international market; 38% of world fish production was 

exported in 2010 (Msangi et al. 2013). Developed countries are the largest market for fish 

exports from developing countries, accounting for 67% of these exports (Msangi et al. 

2013). Vietnam is the world’s largest producer of pangasius. The European Union (EU) is 

the largest export market for pangasius, and accounts for 22% of the value of exported 

Vietnamese frozen pangasius fillets (EUMOFA 2014). Although it is the largest export 

market, EU imports of frozen pangasius fillets decreased from €370 million in 2010 

(EUMOFA 2014) to €275 million in 2014 (CBI 2015). This decline could be a consequence 

of recent claims about the negative environmental impacts of pangasius production and 

food safety issues (Bush and Duijf 2011; Little et al. 2012; Rico and Van den Brink 2014). 

Furthermore, retailers and customers increasingly demand labelled pangasius, such as 

pangasius with the Aquaculture Stewardship Council (ASC) certification, to ensure that 

pangasius products are sourced from environmentally sustainable and socially equitable 

production systems (Bush and Duijf 2011; Little et al. 2012).  

Labelling requirements raise compliance costs, e.g. because of additional investments and 

the costs of auditing (Ngoc et al. 2016a; Ngoc et al. 2016b). These costs are typically 

passed on to the consumers (Boyd and McNevin 2012). However, under asymmetric price 

transmission, price increases at the downstream stages, i.e. international wholesale and 

retail stages, are transmitted slowly and possibly not fully to the upstream stages, i.e. 

domestic export and farm stages (Meyer and von Cramon-Taubadel 2004; Vavra and 

Goodwin 2005). As a consequence, sufficient capital may not be allocated to meet the 

required standards.  

Among the explanations in the literature, market power in the downstream stages of the 

supply chain has been identified as the most important reason for asymmetric price 

transmission (Meyer and von Cramon-Taubadel 2004; Vavra and Goodwin 2005; Frey and 

Manera 2007; Acharya et al. 2011). The exercise of market power at downstream stages 

may result in weaker bargaining power at upstream stages (Fałkowski 2010; Assefa et al. 
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2014), thus farmers may fail to negotiate a price premium to partially offset the high costs 

of labelling compliance. 

Literature on the degree of price transmission along international supply chains trade is 

limited and generally focuses on trade within developed countries, such as the salmon chain 

from Norway to France (Asche et al. 2007), the Israeli grapefruit chain to the EU (Goetz et 

al. 2008), and the Dutch fresh vegetable supply chain (Verreth et al. 2015). For 

international trade from developed to developing countries, several studies have 

investigated price transmission issues. These studies mostly focus on agricultural products, 

however they do not cover all stages of the chain, i.e. producer, processor/exporter, 

wholesaler/importer, and retailer (Krivonos 2004; Minot 2010; Rapsomanikis and Mugera 

2011; John 2014). In international seafood trade, to the best of our knowledge, no study has 

addressed price transmission along all stages of the chain. This lack of insight into price 

transmission along international seafood chains might hamper the switch to a more 

sustainable aquaculture sector in developing countries. 

The objective of this paper was to analyse the price transmission along the international 

supply chain for frozen pangasius fillets. We selected Poland to represent the international 

retail stage. Poland is the 7th largest market in the EU for Vietnamese frozen pangasius 

fillets, accounting for 4.5% of the value in 2013. The Vietnam to Poland chain is the only 

international pangasius chain with full price data available for all stages in the same period. 

The outcomes of this study can provide a better understanding of the market mechanisms in 

the supply chain; this information is valuable for policy makers to help identify ways of 

increasing the sustainability of the Vietnamese pangasius sector.  

This paper proceeds with a brief description of the supply chain for frozen pangasius fillets 

from Vietnam to Poland, the data collection, and the price transmission models, and finally 

it presents the results and discussion, conclusion and policy implications. 
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Materials and Methods 

The supply chain for frozen pangasius fillets from Vietnam to Poland 

The supply chain for frozen pangasius fillets from Vietnam to Poland consists of four 

stages, i.e. farmers and exporters on the Vietnamese side and wholesalers and retailers on 

the Polish side. The linking markets can be described as follows: (i) farmers sell live 

pangasius that meet export requirements directly to processing factories, which are also the 

exporting companies (Khoi 2007; Loc et al. 2010), (ii) at the processing/exporting factories, 

fish are filleted, frozen, packed, and then exported to the wholesaler in Poland, and finally 

(iii) the products are distributed to retailers and final consumers.  

Vietnamese pangasius production is characterized by an elastic supply. In other words, the 

supply of Vietnamese pangasius is very sensitive to the market price of live pangasius. For 

example, when the price is high, farmers will quickly increase their production in the next 

crop or prolong the sale (Khoi 2007; Bush and Belton 2011; Trifković 2014). This often 

leads to live pangasius output exceeding the processing capacity of the industry in the 

following crop. This oversupply of pangasius inevitably drives the price down. In contrast, 

when the price is low, famers will reduce production in the next crop. Some famers even 

temporarily stop raising pangasius, resulting in a shortage in the supply of live pangasius in 

the following crop, which drives the price upwards again (Rapsomanikis et al. 2006; Khoi 

2007; Phan et al. 2009).  

At the exporter stage, there were approximately 291 Vietnamese pangasius exporters who 

exported to EU markets in 2010 (van Duijn et al. 2012). Vietnamese pangasius exporters 

mostly have their own farms; the exporter-owned farms are on average larger than 

household-owned farms (van Duijn et al. 2012; Trifković 2014).  

In Poland, 91% of total frozen pangasius fillets originated from Vietnam (Pieniak et al. 

2011; EUMOFA 2014; VASEP 2014). Fish is sold in specialized stores, supermarkets, 

hypermarkets, and small independent groceries. Small retailers source fish products from 
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wholesalers. The largest retail chains such as hypermarkets and supermarkets are the 

leading distribution channel for seafood products in Poland (Jesús 2011; Piotr 2015).  

Data collection  

We used monthly nominal prices of Vietnamese pangasius at the farm, export, wholesale, 

and retail stages for the period from August 2010 to December 2014. As export prices and 

retail prices were in euros, we also converted farm and wholesale prices into euros. For 

farm prices (VND/EUR), monthly exchange rates were used from www.ozforex.com.au. 

For wholesale prices (PLN/EUR), exchange rates from www.x-rate.com were used.  

 The farm prices for live pangasius were retrieved from four Departments of Aquaculture 

that represent the two main regions for production, i.e. An Giang, Dong Thap, and Vinh 

Long (main fresh water production region) and Tra Vinh provinces (newly developed salt 

water intrusion region). An average of Vietnamese farm prices was then calculated for the 

analysis.   

We used Polish import prices as a proxy for Vietnamese export prices. Import prices were 

derived from monthly import values and quantities of frozen pangasius fillets, both 

obtained from LEI Wageningen UR.   

With respect to Polish wholesale prices for frozen pangasius fillets, average prices from all 

wholesalers in Poland were collected from www.portalspozywczy.pl. Polish retail prices 

were retrieved from www.ec.europa.eu. Weekly retail prices were converted into monthly 

prices by a simple average of four-weekly prices.  

Data description  

Figure 5.1 shows the farm, export, wholesale, and retail prices for the period from August 

2010 to December 2014. The prices for the farm, export, wholesale, and retail stages appear 

to follow a fairly similar pattern throughout the period. The sudden jump in export prices in 

August 2013 is likely associated with the shortage of live pangasius for processing, caused 

by low prices in the previous months, which in turn were linked to negative media coverage 



 Economic analysis of technological innovations to improve sustainability of pangasius 

production in Vietnam 
 

81 

by the World Wide Fund for Nature (WWF) in late 2010 (see Little et al. (2012) for a 

discussion of the pangasius claims in the EU).  

Table 5.1 presents the descriptive statistics of the farm, export, wholesale, and retail prices 

and exchange rates. The fluctuation in retail prices is relatively low, with a coefficient of 

variation (CV) of 0.04, compared with the fluctuation in farm prices (CV of 0.10), export 

prices (0.09), and wholesale prices (0.11). Prices at the retail stage generally adjust slowly 

due to menu costs and the perishable characteristics of products (Vavra and Goodwin 2005; 

Guillén and Artés 2015). 

 

Figure 5.1 The evolution of monthly price series 
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Table 5.1 Descriptive statistics of price series and exchange rates 

Price (EUR/month) Mean  SD CV 5% 95% 

Farm1 0.81  0.08 0.10 0.63 0.94 

Export2 1.64  0.15 0.09 1.37 1.86 

Wholesale3 2.18  0.23 0.11 1.90 2.65 

Retail4 3.15  0.12 0.04 2.96 3.32 

Exchange rate      

VND/EUR 

(1,000VND/month)5 
27.71 1.20 0.04 25.59 29.65 

PLN/EUR (PLN/month)6 4.15 0.12 0.03 3.93 4.39 

Data source: 
1
Departments of Aquaculture in An Giang, Dong Thap,and Vinh Long (fresh 

water area) and Tra Vinh (salt water intrusion area). A weighted average of farm prices was 

calculated;  
2
Willem van der Pijl from LEI Wageningen UR;  

3
www.Portalspozywczy.pl; 

4ec.europa.eu; 
5
www.ozforex.com.au; 

6
www.x-rate.com. 

 

Asymmetric price transmission analysis 

To analyze the price transmission along the stages of the Vietnamese pangasius supply 

chain, we followed the vector autoregressive error correction model (VECM) framework 

(see Frey and Manera (2007) for a review). The price transmission analysis involved two 

main steps: (i) testing the stationarity of price series and the cointegration of pair-wise price 

series and (ii) testing for asymmetric price transmission.  

Testing for stationarity  

The first step of the price transmission analysis was to examine the stationarity of the time 

series data to avoid a spurious regression (Asteriou and Hall 2007). We used the Dickey-

Fuller GLS (DF-GLS) and Phillips-Perron (PP) tests to test the stationarity of each price 

series (Asteriou and Hall 2007). The null hypothesis for both tests is that each price series is 

non-stationary. For the DF-GLS test, the lag length was selected using the Akaike 

information criterion (AIC).  

http://ec.europa.eu/
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Testing for cointegration 

Next, we used the Johansen (1991) approach to test for the cointegration of pair-wise prices; 

cointegration implies a causal long-run relationship between pair-wise prices, i.e. farm-

export, export-wholesale, and wholesale-retail. The criterion of selecting lag length for 

cointegration tests was based on the three of the following five statistical tests: AIC, 

Schwarz Bayesian Criterion (SBC), Hannan-Quin, likelihood ratio, and final predictor error 

points at the same lag length. This criterion is frequently used as suggested by Asteriou and 

Hall (2007), Fałkowski (2010), and Serra and Goodwin (2003). 2.4.3. Asymmetric price 

transmission models  

The second step was to check for asymmetric price transmission and quantify the price 

adjustment. We used the VECM for the cointegrated pair-wise prices and the Houck (1977) 

and Ward (1982) model for non-cointegrated pair-wise prices (von Cramon-Taubadel 1998; 

Bakucs et al. 2012; Verreth et al. 2015). Literature has acknowledged the importance of the 

exchange rate in international trade (Tveteras and Asche 2008; Larsen and Kinnucan 2009; 

Asche et al. 2014). Therefore, to capture the effect of the exchange rate on the price 

transmission mechanism, our asymmetric price transmission model included a variable 

exchange rate.  

a. The vector error correction model (VECM) 

Following von Cramon-Taubadel (1998), our asymmetric VECM model for cointegrated 

pair-wise prices was specified as: 

∆P1,t = γ0 + ∑ γ1,i
n
i=1 ∆P1,t−i + ∑ γ2,i

+ ∆P2,t−i
+n

i=0 + ∑ γ2,i
− ∆P2,t−i

−n
i=0 + ∑ γ3,i

n
i=0 ∆EXVND,t−i +

γ4
+ECTt−1

+ + γ4
−ECTt−1

− + εt       (5.1) 

 where ∆ is the first difference operator (e.g. ∆P1 = P1,t − P1,t−1), n is the lag length, 

and EXVND,t stands for the exchange rate from VND to EUR. For the exchange rate from 

PLN to EUR, we replaced EXVND,t  by EXPLN,t . The cointegrtation relation is given as: 

P1,t = γ0 + γ1P2,t + γ2EXt + εt . The error correction term ECTt−1  is the first lagged 
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residual of the long-run relationship of pair-wise prices: ECTt−1 = εt−1 = P1,t − γ0 −

γ1P2,t − γ2EXt. To capture the short- and long-run asymmetry in price transmission, ∆P2 

and ECT are split into their positive (+) and negative (-) components respectively. The 

parameters γ1,i, γ2,i, γ3,i  represent the speed of adjustment, showing how quickly P1,t  is 

corrected in the short run in response to a change in lagged P1,t, P2,t, and exchange rate 

EXVND,t or EXPLN,t. Similarly, the parameters γ4 represent the speed of adjustment of the 

price P1,t towards the long-run equilibrium price.  

The following rules were applied in calculating the negative and positive components of the 

split independent variables of ∆P2,t and ECTt: 

ECTt
+ = {

ECTt  if ECTt > 0
 0      otherwise

  and   ECTt
− = {

ECTt  if ECTt < 0
 0      otherwise

   

∆P2t
+ = {

∆P2t if ∆P2t > 0
 0      otherwise

   and   ∆P2t
− = {

∆P2t if ∆P2t < 0
 0      otherwise

 

   

When price transmission in pair-wise prices is asymmetric in the short run (SR) and long-

run equilibrium (LR), the F-test should reject the following hypothesis: 

H0,SR: ∑ γ2,i
+n

i=0 = ∑ γ2,i
−n

i=0      and  H0,LR: γ4
+ = γ4

−  

  

 Next, we followed Boswijk and Urbain (1997) to test whether P1,t is driven by P2,t with 

respect to the short-run parameters in Equation 5.1. The marginal model for P2 takes the 

form (von Cramon-Taubadel 1998): 

∆P2,t = μ0 + ∑ μ1∆P1,t−i
n
i=1 + ∑ μ2∆P2,t−i

n
i=1 + εt    (5.2) 
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b. The Houck (1977) and Ward (1982) model 

Following the Houck (1977) and Ward (1982) approach for non-cointegrated pair-wise 

prices, the response of a price P1,t to P2,t in the short run can be expressed as (Frey and 

Manera 2007; Verreth et al. 2015): 

P1,t
∗ = α0 + ∑ α1,i

+n
i=0 ∆P2,t−i

+ + ∑ α1,i
−n

i=0 ∆P2,t−i
− + ∑ α2,i

n
i=0 ∆EXVND,t−i + εt (5.3) 

 where the superscript * denotes cumulative values from the starting value P1,0
∗  (i.e. 

P1,t − P1,0
∗ . Equation (5.3) considers the impact of positive (+) and negative (-) variations of 

P2,t and exchange rate EXVND,t on P1,t, cumulated from the required lags up to the current 

period (i = 0). For the exchange rate from PLN to EUR, we replaced EXVND,t by EXPLN,t. If 

a serial correlation problem existed in the estimated equation, we used the Cochrane-Orcutt 

procedure to correct the problem (Pindyck and Rubinfeld 1998).  

When price transmission in pair-wise prices is asymmetric in the short run, the F-test 

should reject the following hypothesis: H0: ∑ α1,i
+n

i=0 = ∑ α1,i
−n

i=0 .  

 

Results and discussion 

A summary of the results of price transmission along the Vietnamese pangasius chain is 

presented in Figure 5.2. This section starts with the results of the stationarity tests of the 

price series, followed by the cointegration tests of pair-wise prices, and the results of the 

price transmission analysis. 
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Results of the stationarity tests 

Table 5.2 reports the results of the DF-GLS and PP tests, which show that we failed to 

reject all the null hypotheses of non-stationarity for export, wholesale, and retail prices and 

exchange rates at the 1%, 5%, or 10% critical levels. Only farm prices are stationary at the 

10% critical level. However, both tests of the price series in their first difference form 

robustly rejected the null hypothesis of non-stationarity at the 1% critical level for all price 

series. Therefore, we conclude that farm, export, wholesale, and retail prices, and exchange 

rates are all stationary in the first difference form. 
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Table 5.2 Results of stationarity tests  

Variable Test Non-

differenced 

Lag First difference Lag 

Farm price1 DF-GLS -1.862* 0 -5.209*** 0 

 PP -2.626*  -5.252***  

Export price2 DF-GLS -2.159 1 -9.271*** 0 

 PP -2.775  -9.549***  

Wholesale price2 DF-GLS -2.127 0 -2.283*** 0 

 PP -3.279*  -7.890***  

Retail price2 DF-GLS -2.423 1 -5.825*** 0 

 PP -2.504  -6.128***  

Exchange rate (EX) 

VND/EUR2 
 

DF-GLS 

 

-2.978 

 

1 

 

-5.235*** 
 

1 

 PP -2.146  -5.060***  

PLN/EUR1 DF-GLS -2.396 3 -4.483*** 0 

 PP -1.800  -4.518***  

1
The DF-GLS test includes an intercept; 

2
 The DF_GLS test includes an intercept and trend 

at non-differenced; ***Values significant at 1% level and * at 10% level. 

 

 

Results of the cointegration tests for a long-run equilibrium relationship 

Table 5.3 presents the results of the Johansen cointegration test. With respect to the farm-

export market, both trace and maximal eigenvalue statistics indicate one cointegration 

vector, implying the existence of a long-run relationship between farm and export prices. 

The null hypothesis that the factor loading in the equation for export prices equals 0 is not 

rejected, implying that farm prices are driven by export prices in the long run. This likely 

reflects the close cooperation between exporters and pangasius farmers, for example 

through training programs to ensure fish quality and safety for export to the EU market 

(Bush and Belton 2011; Khoi 2011; Trifković 2014). This close cooperation confirms the 

unidirectional causality from export to farm prices. These results are in line with findings of 

Ohen et al. (2007) and Asche et al. (2007) who also found the long-run relationship 
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between farmers and exporters in live catfish in Nigeria, and Salmon in Norway, 

respectively.   

Regarding the export-wholesale market, both trace and maximal eigenvalue statistics 

suggest one cointegration vector between export and wholesale prices. The null hypothesis 

that the factor loading in the equation for wholesale prices equals 0 is not rejected, implying 

that export prices are driven by wholesale prices. This is consistent with the findings of 

Khoi (2007) and Khoi (2011), who indicated that Vietnamese pangasius exporters want to 

establish long-run relationships with international wholesalers. Exporters usually set their 

prices based on international import market prices, thus confirming the unidirectional 

causality from wholesale to export prices. 

In contrast, with respect to the wholesale-retail market, both trace and maximal eigenvalue 

statistics suggest that the null hypothesis of zero cointegration vectors cannot be rejected. 

The non-cointegration of wholesale and retail prices could be attributed to private label 

products introduced by retailers (Bukeviciute et al. 2009) together with the consolidation in 

retail chains (Wilkin et al. 2007; Fałkowski 2010). These in turn might influence the 

movement of prices, especially weakening the role of wholesalers, thus leading to the 

possible absence of a long-run relationship between wholesale and retail prices.  
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Table 5.3 Results of Johansen cointegration tests 

Linking market 

Lag 

length 

Hypothesized 

number of 

cointegration 

vectors 

Trace 

statistic 

P-value Maximal 

eigenvalue 

statistic 

P-value 

Farm-Export 1 None 27.823 0.028** 21.348 0.025** 

  At most 1 6.475 0.402 6.475 0.402 

Export-Wholesale 2 None 21.995 0.028** 18.924 0.016** 

  At most 1 3.070 0.567 3.070 0.567 

Wholesale-Retail 1 None 10.721 0.569 6.999 0.669 

  At most 1 3.721 0.455 3.721 0.455 
iFactor loading (Pf, Pe): a=(-0.397;0.283), H0: α2 = 0; χ2-statistic=(4.670;1.219), χ.050

2 =3.841 

           (Pe, Pw): a=(-0.507;0.047), H0: α2 = 0; χ2-statistic=(4.526;0.299), χ.050
2 =3.841 

** Values significant at 5% level; 
i
The null hypothesis that the factor loading equals 0 in 

the equations for Peand Pwis not rejected.  

 

 

Results of the price transmission analysis  

This section presents the outcomes of the VECM for cointegrated pair-wise prices of the 

farm-export and export-wholesale markets, and The Houck (1977) and Ward (1982) model 

for non-cointegrated wholesale-retail prices.  

Farm-export market  

The results of the asymmetric VECM with farm prices as dependent variable are shown in 

Table 5.4. The non-significant residuals in the variable addition test from the marginal 

model (Equation 5.2) of the VECM (Equation 5.1) confirm that farm prices are driven by 

export prices. The R-squared coefficient is 0.28 and the equation is significant at the 10% 

critical level, indicating that 28% of the variation in farm prices is explained by the model.  
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Results in Table 5.4 suggests that changes in export prices, previous farm prices, and 

exchange rates take one month to transmit to farm prices. The coefficient of the lagged 

farm prices is positive and statistically significant at the 1% critical level. The estimated 

coefficient is 1.76 (greater than one), indicating that farm prices respond very quickly to a 

change in the previous month’s farm price. When the farm price increases during the 

previous month, farmers expect a price increase in the upcoming month. They may then 

wait a while before selling in order to sell their fish for higher prices (Khoi 2007; Phan et al. 

2009). 

 The coefficient of the lagged exchange rate (VND/EUR) is negative and statistically 

significant at the 10% critical level, with a magnitude of 0.02. This result has two 

implications. First, the magnitude suggests that farm prices respond slowly to a change in 

exchange rates. Second, the negative sign of the lagged exchange rate (VND/EUR) implies 

that farm prices decrease as the exchange rate increases. This might be because of foreign 

currency speculation by the Vietnamese exporter. Exporters who directly sell frozen 

pangasius fillets to Poland might wait until the exchange rate is more favorable before 

converting to the euro. At the same time, an increase in the exchange rate (VND/EUR) 

might increase the fuel prices, which might influence the operation costs for exporters, such 

as transportation costs. Consequently exporters may assign a temporarily lower farmer 

price to compensate for the increased costs. This result is opposite to our prior expectation. 

In principle, a depreciation of the domestic currency will boost exports, creating pressure 

on the domestic price to increase due to higher demand for domestic goods (Rapsomanikis 

et al. 2006; Lee and Gomez 2011).  

The non-significance of current and lagged export prices suggests that a change in export 

price does not affect farm prices. One of the possible reasons is that most of the large farms 

are owned and operated by exporters, who are able to temporarily supply live pangasius 

themselves (Phan et al. 2009; Beukers et al. 2015).  

 In the long-run equilibrium, the error correction terms ECT+ and ECT− are significant at the 

1% and 5% critical levels, respectively. The two ECT coefficients suggest that adjustments 

are relatively fast, i.e. even more than 100% of the divergence from the long-run 
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equilibrium is corrected during the next month. For instance, the estimated coefficient of 

ECT+ implies that if the farm price increases by €1.00 in the long-run equilibrium with the 

export price, the farm price would be expected to decrease by €1.85 in the next month. 

Similarly, ECT− suggests that farm prices would be expected to increase by €1.38 in the 

next month when the farm price decreases in the long-run equilibrium with the export price.  

With regard to asymmetry in price transmission, Wald tests with a null hypothesis of 

symmetric price transmission could not be rejected at the 1%, 5%, or 10% critical levels, 

suggesting that a change in export price is fully transmitted to the farm price. Results imply 

that even though exporters can set the farm price, farmers can still negotiate the prices. It is 

possible that farmers with larger farms who can provide quality fish and fulfil the 

certification requirements are able to negotiate prices with exporters. Exporters set prices 

based on the fish quality at the end of production cycle (Khoi 2011; Trifković 2014).  
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Table 5.4 Results for price transmission in the farm-export market 

Independent variables 

Dependent variable 

∆𝐏𝐟,𝐭 

Estimated 

coefficient 

P-value 

Constant 0.017 0.225 

∆Pf,t−1 1.761 0.002** 

∆Pe,t
+  -0.075 0.466 

∆Pe,t−1
+  0.086 0.397 

∆Pe,t
−  0.062 0.591 

∆Pe,t−1
−  0.096 0.419 

∆EXVND,t 0.007 0.367 

∆EXVND,t−1 -0.023 0.060* 

ECTt−1
+  -1.851 0.004*** 

ECTt−1
−  -1.385 0.029** 

R-squared 0.283 - 

F-statistic 1.798 0.098* 

Residual tests F-statistic  

      No serial correlation 0.375 0.543 

      Homoscedasticity 1.161 0.344 

      Normal distribution - 0.000*** 

Variable addition test for residual in 

Equation 2 
0.006 0.928 

Asymmetry tests   

     Short run 0.326 0.571 

     Long run  0.962 0.332 

***Values significant at 1% level, ** at 5% level, and * at 10% level; LM test for 

autocorrelation; Breusch-Pagan-Godfrey test for heteroskedasticity; Histogram for 

normality test. 

 

Export-wholesale market  

The estimation results of the VECM with export prices as the dependent variable are 

presented in Table 5.5. The non-significant residuals in the variable addition test from 

Equation 5.2 in the VECM (Equation 5.1) confirm that export prices are driven by 

wholesale prices. The R-squared coefficient is 0.44 at the 5% critical level, showing that 44% 

of the variation in export prices is explained by the equation.  

 A lag length of two was selected based on the outcomes of the AIC, Hannan-Quin, and 

final predictor error tests. In the export-wholesale market, the lags are slightly longer than 
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in the farm-export market. This might reflect that the transaction costs for adjusting prices 

are possibly higher in international trading than in domestic trading.  

The non-significance of lagged export prices, lagged wholesale prices, and lagged exchange 

rates (PLN/EUR) indicates that changes in the previous month’s export prices, wholesale 

prices, and exchange rates do not transmit to export prices. This might be related to the 

expiry date of pangasius export contracts, which may affect the length of time needed for 

price adjustments to be incorporated. Larsen and Asche (2011) suggested that export price 

movements are limited by the use of fixed price contracts in Norwegian salmon exports to 

France.  

 In the long-run equilibrium, ECT+ and ECT− are both statistically significant at the 10% 

critical level. Adjustments are less responsive in the export-wholesale market than in the 

farm-export market. For example, if export prices increase/decrease by €1.00 in the long-

run equilibrium relationship with wholesale prices, exporters decrease/increase their prices 

by €1.03/€0.95 in the next month.  

 With respect to asymmetry in price transmission, the Wald tests with a null hypothesis of 

symmetry in the short run and long run could not be rejected at the 1%, 5%, or 10% critical 

levels. This symmetry in price transmission likely implies that exporters can attain 

privileged market access by being able to comply with required standards.  
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Table 5.5 Results for price transmission in the export-wholesale market 

Independent variables 

Dependent variable 

∆𝑷𝒆,𝒕 

Estimated 

coefficient 

P-value 

Constant 0.023 0.459 

∆Pe,t−1 0.540 0.245 

∆Pe,t−2 0.097 0.512 

∆Pw,t
+  -0.230 0.369 

∆Pw,t−1
+  0.130 0.626 

∆Pw,t−2
+  -0.021 0.911 

∆Pw,t
−  0.170 0.433 

∆Pw,t−1
−  0.233 0.584 

∆Pw,t−2
−  -0.340 0.137 

∆EXPLN,t -0.112 0.377 

∆EXPLN,t−1 0.045 0.801 

∆EXPLN,t−2 -0.048 0.726 

ECTt−1
+  -1.039 0.076* 

ECTt−1
−  -0.953 0.095* 

R-squared 0.449 - 

F-statistic 2.263 0.026** 

Residual tests F-statistic  

     No serial correlation 0.403 0.671 

     Homoscedasticity 0.941 0.522 

     Normal distribution - 0.703 

Variable addition test for residual in 

Equation 2 
0.634 0.431 

Asymmetry tests   

     Short run 0.077 0.782 

     Long run  0.027 0.870 

**Values significant at 5% level and * at 10% level; LM test for autocorrelation; Breusch-

Pagan-Godfrey test for heteroskedasticity; Histogram for normality test.  

 

Wholesale-retail market  

The Houck and Ward models with dependent variables of (i) wholesale prices and (ii) retail 

prices both have R-squared coefficients around 0.85 and significant at the 1% critical level, 

suggesting that wholesale prices influence retail prices and vice versa. Results of the two 

models are shown in Table 5.6. A lag length of one was selected based on the SBC, 

Hannan-Quin, and likelihood ratio tests.  
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 In the first model, where the retail price drives the wholesale price, only the positive 

cumulative coefficient of current retail price is statistically significant at the 1% critical 

level. The estimated coefficient is 1.22, implying that wholesale prices respond quickly to 

an increase in retail prices. Similarly, in the model where the wholesale price drives the 

retail price, only the positive cumulative coefficient of current wholesale price is 

statistically significant at the 1% critical level. The estimated coefficient of 0.26 suggests 

that retail prices respond slowly to an increase in wholesale prices; this might be due to the 

existence of menu costs at the retail stage (Vavra and Goodwin 2005; Guillén and Artés 

2015).  

 In both models, the non-significance of the exchange-rate (PLN/EUR) and its lags suggests 

that a change in exchange rates in the previous month does not affect wholesale or retail 

prices. This is understandable as the transaction between wholesalers and retailers has been 

made in the Polish currency (PLN), not in euros.  

 With regard to asymmetric price transmission, the Wald test in the first model where the 

retail price drives the wholesale price with a null hypothesis of symmetry was rejected at 

the 5% critical levels, suggesting asymmetric price transmission between wholesalers and 

retailers. Several studies have also shown that retailers use their market power to transmit 

price decreases more than price increases to upstream stages (Fałkowski 2010; Assefa et al. 

2014; Sapkota et al. 2015). In addition, our findings in the model where the wholesale price 

drives the retail price show that wholesale prices could also respond to retail price increases. 

Poor transportation and perishability of the product might affect the leadership of retail 

prices over wholesale prices in the short run (Sapkota et al. 2015).  
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Table 5.6 Results for price transmission in the wholesale-retail market  

Independent variables 

Dependent variable 

𝐏𝐰,𝐭
∗  𝐏𝐫,𝐭

∗  

Estimated 

coefficient 

P-value Estimated 

coefficient 

P-value 

Constant 0.198 0.066* -0.100 0.033** 

∆Pr,t
+  1.226 0.002*** - - 

∆Pr,t−1
+  0.216 0.636 - - 

∆Pr,t
−  0.690 0.125 - - 

∆Pr,t−1
−  -0.364 0.579 - - 

∆Pw,t
+    0.266 0.000*** 

∆Pw,t−1
+    0.112 0.112 

∆EXPLN,t -0.095 0.585 0.038 0.691 

∆EXPLN,t−1 0.035 0.841 -0.009 0.945 

AR(1) 0.859 0.000*** 0.833 0.000*** 

R-squared 0.870 - 0.854 - 

F-statistic 35.280 0.000*** 43.143 0.000*** 

Residual tests F-statistic  F-statistic  

     No serial correlation - - - - 

     Homoscedasticity 0.856 0.534 1.785 0.147 

     Normal distribution - 0.021** - 0.005*** 

Asymmetry tests   - - 

     Short run 4.816 0.033**   

***Values significant at 1% level, ** at 5% level, and * at 10% level; LM test for 

autocorrelation; Breusch-Pagan-Godfrey test for heteroskedasticity; Histogram for 

normality test.  

 

Conclusion and policy implications 

This study contributes to the literature on price transmission in aquaculture by providing an 

empirical analysis of the price relationships along all stages of an international supply chain 

from a developing to a developed country. Specifically, we have investigated how prices 

transmit from the Polish retail stage to Vietnamese pangasius farms and vice versa.  

From our findings, we conclude that price changes at the Polish retail stage do transmit to 

wholesale, export, and Vietnamese pangasius farm stages with some delay (a month for 

both farm-export and wholesale-retail markets, and two months for the export-wholesale 

market). Moreover, price transmissions from wholesale to export and from export to farm 
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are characterized by both short- and long-run symmetries. In the short run, retailers tend to 

transmit only wholesale price increases to their customers and wholesalers transmit only 

retail price increases to exporters. In addition, a long-run relationship between wholesalers 

and retailers is absent, thereby reducing the ability of chain actors to respond to all market 

signals, including downward changes.  

Our findings have important policy implications. Given the delay in price transmission 

among market stages, policies could introduce business-to-business electronic trading or 

auction markets with more flexible pricing. In addition, if more retailers enter the pangasius 

market, the market power at the retail level would decrease, likely improving the long-run 

relationship in the wholesale-retail market. Lastly, the transmission of price changes from 

EU markets back to developing country producers is a positive signal for policy makers to 

stimulate local aquaculture farmers to invest in sustainable production methods, as 

consumer price premiums paid for sustainable fish likely flow back to the farm level. 
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Introduction 

World markets increasingly require seafood products to be produced in a sustainable way 

(Bush and Duijf 2011; Beukers et al. 2015). Certification systems such as the Aquaculture 

Stewardship Council (ASC) provide the consumers a guarantee that the product is produced 

in an environmentally sustainable way (Bush and Belton 2011; Little et al. 2012; Bush et al. 

2013; CBI 2015). As a response to the quest for environmental sustainability, RAS could be 

an opportunity for Vietnamese pangasius production. However, investing in such technical 

innovations is costly. In order to provide useful insights to consider investment in RAS, the 

overall objective of this thesis was to perform an economic analysis of technological 

innovations such as RAS to improve the sustainability of pangasius production in Vietnam. 

The overall objective was split into four sub-objectives. Chapter 2 estimated the input- and 

output-specific technical and scale inefficiency of Vietnamese pangasius farmers in the 

traditional system. Chapter 3 analysed the profitability of RAS and compared it with the 

profitability of the traditional system. Chapter 4 investigated factors influencing the 

likelihood of RAS adoption and, finally Chapter 5 analysed the price transmission along the 

Vietnamese pangasius supply chain to export markets.  

This concluding chapter synthesizes the results of the four sub-objectives, discusses the 

methodological and data issues, presents the implications of the thesis to business and 

policy makers, and finally it provides suggestions for future research and the main 

conclusions of the thesis.   

 

Synthesis of results 

In this thesis, the analyses of technical and scale inefficiency, profitability, and the adoption 

of RAS focused on the farm stage where farmers are the decision makers.  The analysis of 
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price transmission on the other hand covered all stages along the pangasius supply chain to 

export markets.  

Chapter 2 analysed the technical and scale inefficiency of the Vietnamese pangasius 

farmers in the traditional system. The study concluded that technical inefficiency is mainly 

associated with inefficient use of capital, as indicated by a capital-specific technical 

inefficiency of 42%, and low fish yield, as indicated by fish yield-technical inefficiency of 

30%. The inefficiency in the use of capital is explained by its quasi-fixed nature, i.e. capital 

is not easily adjusted from one year to the other. In practice, it is costly to upscale or 

downscale the investments in machinery, equipment or pond construction. RAS separates 

solids (i.e. waste and sludge discharge) from the bio-filter into septic tanks, thereby 

improving the water quality inside the ponds and reducing effluent discharge, while 

supplying additional oxygen for the fish. Potential advantages are reduced risks for diseases 

and enabling higher stocking densities (Gutierrez-Wing and Malone 2006; Martins et al. 

2010). In this way, RAS may help the pangasius farmers to improve their farm management, 

thereby achieving higher fish yields. Chapter 3 suggested that pangasius farmers are 

generally positive about the economic performance of RAS. When shifting from the 

traditional system to RAS, the net present value (NPV) of investment in RAS was expected 

to substantially increase, for both medium (1-3 ha) and large (> 3ha) farms. RAS applied in 

asp (Aspius Aspius) production (Kupren et al. 2008) and in tilapia (Oreochromis niloticus) 

production (Ali 2012; Appiah-Kubi 2012) was also found to increase profitability, although 

the latter study only found positive effects for large farms. 

Results in Chapter 4 showed that RAS with lower initial investments, higher expected 

yields and a guaranteed price premium for ASC-certified pangasius is likely to encourage 

farmers with large farms (≥ 3ha) to adopt RAS. Initial investments, pangasius yields, and 

pangasius price were also found to be crucial parameters determining the profitability of 

RAS investment as shown in Chapter 3. Farmers are more likely to adopt fish farming 

technology if the introduced system is expected to be profitable (Wetengere 2011). The 

result by Murray et al. (2014) and Schneider et al. (2006) showed that the high initial 

investment costs are also an important factor leading to slow adoption of RAS technology 
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in Europe. In RAS, high stocking densities and production levels are required in order to 

cover investment costs (Martins et al. 2010). Similarly, Valeeva et al. (2006) suggested the 

need for a price premium to compensate the extra costs of additional food safety  measures 

in the dairy chain. 

Results of Chapter 2 and 4 provided evidence that socio-economic variables, including 

farmer demographics such as the level of education and years of experience of farmers and 

farm characteristics such as farm locations can also affect the technical inefficiency of 

pangasius farmers, both in the traditional system and RAS. Chapter 2 suggested that 

farmers with a higher education level and more years of experience are generally better in 

managing the pond area, the use of fish feed and the production of fish yield. Farmers 

farming in areas suffering from salt water intrusion are associated with a lower technical 

inefficiency in the use of capital assets and other variable inputs; they are on the other hand 

associated with a higher technical inefficiency in the production of fish yields. In Chapter 4, 

higher educated farmers were also found to be more likely to adopt RAS in pangasius 

farming as they may have a more open mind towards new technological information. 

Likewise, farmers farming in salt water intrusion region are more willing to adopt RAS 

than those in a fresh water region possibly because RAS reduces fresh water requirements.  

In Chapter 4, price premiums were found to be among the most important factors 

influencing the adoption of RAS, i.e. the probability of RAS adoption increased by 1.2% 

for a one unit increase in price premiums with ASC-certified pangasius products. Chapter 5 

suggested that price signals at the Polish retail stage tend to transmit back to wholesale, 

export and Vietnamese pangasius farms. The transmission of price changes from Polish 

markets back to Vietnamese pangasius farmers might provide a positive signal for farmers 

to invest in more sustainable production methods, because an increase in Polish retail prices 

is likely to transmit back to Vietnamese pangasius farmers. On the other hand, according to 

Beukers et al. (2013), certification is used effectively as a ‘licence to operate’ instead of as 

a tool to generate price premiums. As such RAS may contribute to gain the “licence” to 

access the export markets. 
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In general, this thesis proposed a framework to perform an economic analysis of 

technological innovations before the actual implementation. Findings are useful for policy 

makers and private sectors including farmers to identify potential areas for improvement in 

the current production systems and to assess potential implications of technological 

innovations. More specifically, the input- and output-specific technical inefficiency of 

farmers in the traditional system provides the specific areas of performance improvement in 

which technological innovations might play an important role. In addition, an investment 

appraisal of technological innovations and an analysis of the willingness to adopt 

technological innovations are essential to provide new insights for farmers to consider to 

invest in this new technology and in the factors influencing this investment decision. Also, 

future prices, yields, and operating expenses for technological innovations are uncertain. 

Consequently, the economic feasibility of technological innovations is also uncertain and 

this may constrain the adoption of technological innovations. Furthermore, price 

transmission analysis along the supply chain provides information of whether price signals 

at the retail stage transmit back to farms to invest in technological innovations.  

 

Methodological and data issues 

A variety of methods and data sources were used to achieve the specific objectives of this 

thesis. This section presents a brief discussion on the methodologies and data used in the 

four research chapters.  

Methodological issues 

A variety of analytical methods including mathematical programming (Chapter 2), 

econometric models (Chapter 2, 4 and 5), simulation (Chapter 2 and 3), and investment 

appraisal (Chapter 3) were applied in this thesis.  

In Chapter 2, the input- and output-specific technical and scale inefficiency were measured 

using Data Envelopment Analysis (DEA), a non-parametric technique. The advantage of 
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DEA over a parametric approach such as stochastic frontier analysis is that it does not 

impose any specific functional form on the production technology (Fried et al. 2008; Iliyasu 

et al. 2014; Skevas and Oude Lansink 2014). DEA is also useful for the efficiency analysis 

in the presence of multiple inputs and outputs (Fried et al. 2008). In addition, the bootstrap 

truncated regression model was used to assess the impacts of farmers’ demographics and 

farm characteristics on input- and output-technical and scale inefficiency scores. Simar and 

Wilson (2007) noted that traditionally used approaches such as censored regression are 

invalid due to serial correlation of non-parametrically derived inefficiency estimates. The 

Simar and Wilson bootstrap approach corrects for this serial correlation.  

In Chapter 3, the aim was to analyse the economic feasibility of RAS. NPV method, which 

is the most complete and widely used investment appraisal method, was used to assess the 

profitability of an investment. This considers cash inflows and outflows over the whole 

lifetime of an investment (Barry and Ellinger 2010; Kay et al. 2012). NPV was also used to 

analyse the economic feasibility of RAS in other studies on fish production, such as Murray 

cod in Australia (De Ionno et al. 2006), asp (Aspius Aspius) and ide (Leuciscus idus) in 

Poland (Kupren et al. 2008), and tilapia (Oreochromis niloticus) in Egypt (Ali 2012). 

However, the investment appraisal does not take into account the uncertainties associated 

with investment costs, pangasius yields, market prices and the operating expenses. 

Therefore, a Monte Carlo simulation was used to capture the effect of the stochastic 

variables on the profitability of an investment. Past economic feasibility assessments of 

investments in aquaculture production have not accounted for variation of input parameters 

using Monte Carlo simulation, except for a study of Valderrama and Engle (2001).   

Chapter 4 and 5 used two different econometric models for investigating the key 

determinants influencing the adoption of RAS and for analysing the price transmission 

along the international supply chain for frozen pangasius fillets, respectively. In Chapter 4, 

a binary probit model was used to estimate the probability that respondents choose the 

traditional system or RAS. The probit model has been used in a number of adoption studies, 

for example Gracia and de Magistris (2008) and Keelan et al. (2009). The advantages of 

this discrete choice model are (i) it can predict the probability that respondents choose the 



 Economic analysis of technological innovations to improve sustainability of pangasius 

production in Vietnam 
 

 

105 

current system or technological innovations, and (ii) it can provide estimates of effects of 

attributes, farmers’ demographics, and farm characteristics on the probability of 

technological innovations adoption (Louviere et al. 2000). In Chapter 5, the aim was to 

investigate whether price increases for certified pangasius products at the Polish retail stage 

are transmitted fully to the stage of Vietnamese pangasius farms. Given the unavailability 

of information of the price premiums for certified pangasius products, the vector 

autoregressive error correction model (VECM) framework was employed to analyse the 

price transmission between pair-wise prices in the chain using monthly prices of 

Vietnamese pangasius at the farm, export, wholesale, and retail stages. Results of VECM 

provide insight into transmission of price shocks which may not be the same as the 

transmission of a potential structural price change as a result of certification.  

Data issues 

The data sources used in this thesis were a structured survey among farmers (Chapter 2 and 

3), workshops with farmers (Chapter 2, 3 and 4) and experts (Chapter 3 and 4), and time-

series data (Chapter 5).  

Chapter 2 used data from a structured survey and workshop with farmers, whereas Chapter 

3 also used data from workshop with experts. A survey was conducted to collect data on the 

traditional system (Chapter 2 and 3) and a workshop was conducted to obtain data on the 

expected performance of RAS (Chapter 3). The workshop was also used (1) to increase the 

number of observations on the traditional system for large farms (Chapter 2 and 3), and (2) 

to elicit future projections of pangasius prices and yields for both traditional and RAS 

systems (Chapter 3). As RAS in pangasius production was only used in a pilot project at the 

time of the study, farm-level economic information on yields, prices and costs for pangasius 

cultivation with RAS were not available. Therefore, in Chapter 3, the perceived revenues 

and costs by pangasius farmers were the only possible data that could be collected. Previous 

studies of economic feasibility of pilot RAS in some fish species production used data from 

the pilot facility (Kupren et al. 2008; Appiah-Kubi 2012). These studies also found that 

RAS investments are profitable, although the latter only found positive effects for large 
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farms. In Chapter 3, to reduce the possible bias from the perceived data, prior to completion 

of the questionnaire in a workshop: (i) respondents were well-informed, (ii) the workshop 

was organized at the pilot facility and RAS was elaborately shown and explained by the 

aquaculture expert responsible for running the pilot facility. 

In Chapter 4, the technique of a choice experiment is a known approach to measure the 

degree of preferences of respondents to a particular product that is not traded in the real 

market (Louviere et al. 2000). The validity of a choice experiment depends on the 

appropriate specification of the attributes and their levels (Abiiro et al. 2014). Therefore, a 

systematic process of developing and selecting the final short-list of attributes about RAS 

adoption was designed. To ensure the reliability of choice experimental data collection, the 

workshops for choice experiment were well-prepared, i.e. with in-depth elaboration on 

RAS, the presence of multiple enumerators, and the clarification of questions in small 

groups. Respondents were asked additional questions for clarifications of adoption 

decisions.  

Furthermore, the elicitation of expert opinions was used to predict and find consensus about 

the future prices and yields for both traditional system and RAS. Expert elicitation also was 

used to score the long-list of attributes in the choice experiment. Experts were local 

aquaculture specialists in Mekong River Delta area and aquaculture researchers in Chapter 

3, whereas in Chapter 4, experts were from the SUPA project. The project’s experts had 

different disciplinary backgrounds, such as economics or aquaculture, and were all 

knowledgeable on pangasius farming and RAS. The elicitation from experts is a widely 

used method, e.g. to assess the improvement of seed potato systems in Ethiopia (Hirpa et al. 

2012), to perceive issues of the price volatility and management strategies in European food 

supply chains (Assefa et al. 2014), to characterize the relative ecological risks associated 

with salmon practices in British Columbia (McDaniels et al. 2006), and to estimate the 

impacts of plastic pollution on marine wildlife (Wilcox et al. 2016).  

Chapter 5 analysed the price transmission along the chain which required time-series data. 

In this chapter, the availability of price data at various stages posed challenges. For instance, 

export prices and export quantities of Vietnamese pangasius products to EU markets have 
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not been assembled for specific countries. Therefore, import prices for specific import 

country such as Poland were used as a proxy for Vietnamese export prices. Moreover, very 

limited historical pangasius data in international trade is also another challenge for price 

transmission analysis. Hence, prices of Vietnamese pangasius at various stages along the 

supply chain were only available from August 2010 onwards. The lack of insight into price 

premiums for certified pangasius products is another challenge to analyse if the price 

increases at the retail stage are transmitted to the farm stage.  

 

Implications of the study 

Business implications 

Findings of this thesis are useful for farmers (Chapter 2 and 3), other stages in the chain 

(Chapter 4 and 5), and service providers (Chapter 4). 

At the farm stage, the results from Chapter 2 imply that pangasius farmers can improve 

their capital management skills by e.g. better estimating the amount of required capital, the 

time replacing capital assets, and monitoring the use of capital assets. In addition, the 

implementation of water purification system in pangasius production such as RAS could 

potentially increase the pangasius yields. For the potential RAS investors, the implication 

of the results from the economic analysis of RAS investment is that probability of 

profitable investment RAS is 99% for both medium and large farms. The key variables 

influencing the profitability of RAS include the improved yields and prices. 

Farmers who implement RAS expect a price premium for their product and higher yields to 

compensate for the high investments. Therefore, other stages in the chain such as the 

international retailers could provide a price premium for ASC-certified pangasius products. 

Moreover, Chapter 5 suggested that price changes are transmitted from the Polish retail 

stage back to Vietnamese pangasius farmers with some delay (a month for both farm-export 

and wholesale-retail markets, and two months for the export-wholesale market). Given the 
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delay in price transmission among market stages, wholesalers and retailers could use a 

business-to-business electronic trading or auction market system with more flexible pricing 

to stimulate the pass-through of the price changes through the chain. 

Service providers such as extension officers and banks can also use results of Chapter 4 to 

stimulate the adoption of RAS by Vietnamese pangasius farmers. For instance, extension 

officers could disseminate the information about RAS by conducting technical training on 

the system. This would help to reduce farmers’ uncertainty about the performance of the 

system and hence, increase the chance to adopt RAS. In addition, given the perceived 

limitations with regard to access to finance credit programs might also be established that 

link access to credit for farm investments targeting sustainability.  

Policy implications 

Findings of this thesis are useful for policy makers in Vietnam (Chapter 2, 3 and 4). Given 

the inefficiency in producing fish of Vietnamese pangasius farmers, as indicated by fish 

yield-technical inefficiency of 30%, policy makers could introduce RAS allowing for 

higher stocking densities and better quality of pond water to increase the pangasius yields. 

Moreover, given the importance of the size of the initial investment of RAS and the 

perceived limitations with regard to access to finance, credit programs might be established 

that link access to credit with farm investments targeting sustainability. Policy makers 

could also reduce farmers’ uncertainty about RAS and increase the chance to adopt RAS by 

establishing pioneer farms demonstrating the use of RAS, accumulating sufficient local 

technical capacity of RAS, and conducting technical training on RAS using the existing 

extension system in the Mekong River Delta area. In addition, policies for reducing 

technical inefficiency could target farmers with farms located in salt water intrusion region 

who are also more likely to adopt RAS.  
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Implications for further research 

This thesis performed an economic analysis of technological innovations such as RAS to 

improve the sustainability of pangasius production in Vietnam. The findings of this thesis 

demonstrate that given the importance of the size of the initial investment and the perceived 

limitations with regard to access to finance, credit programs might be established that link 

access to credit with farm investments targeting sustainability. However, in order to engage 

the financial providers to invest in such technological innovations, it is necessary to 

investigate how the new technologies contribute to the improvement of the sustainability of 

pangasius production in Vietnam. Therefore, there is a need for further assessment in the 

sustainability performance of RAS in pangasius production, concerning economic, social, 

and social sustainability. At the time of the study, RAS was only used in a pilot project. 

Farm-level economic information on yields, prices and costs for pangasius cultivation with 

RAS were not available. Therefore, the analyses of economic feasibility and the adoption of 

RAS have used stated preferences of pangasius farmers about the economic feasibility and 

the adoption of RAS. If data of RAS at farm-level are available, research can be further 

extended to study the actual cost-effectiveness and the actual investment decisions of RAS.  

The price premiums for certified pangasius products highly determine the profitability of 

RAS, and thus likely the encouragement of farmers to adopt RAS. However, farmers’ trust 

in receiving price premiums for certified products was found to be relatively low. Therefore, 

issues such as how much the international consumers are willing to pay for certified 

pangasius products should be further studied. 
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Main conclusions 

The following main conclusions are derived from this thesis: 

1. The Inadequate management skills in using capital assets, as indicated by a 

capital-specific technical inefficiency of 42%, and improper methods for 

producing fish, as indicated by fish yield-technical inefficiency of 30%, are the 

main challenges for enhancing the performance of Vietnamese pangasius 

production (Chapter 2). 

2. The probability of RAS being a profitable investment is 99% for both medium (1-

3 ha) and large farms (> 3 ha) (Chapter 3).  

3. Crucial factors leading to improved economic performance of RAS compared to 

traditional system are the improved pangasius yields and pangasius prices 

(Chapter 3). 

4. Main constraints for adoption of RAS are the lack of trust in receiving a price 

premium, lack of access to finance, and uncertainty about the performance of RAS 

(Chapter 4).  

5. Younger and more educated farmers with higher household incomes and with 

farms in salt water intrusion areas are more likely to adopt RAS (Chapter 4). 

6. In the Vietnamese-Polish pangasius supply chain, price signals at retail stage 

transmit back to wholesale, export and Vietnamese pangasius farms (Chapter 5).  

7. International retailers can provide a price premium for certified pangasius to 

compensate for the high investments in RAS and increase the likelihood of 

adoption of RAS (Chapter 3 and 4). 

 

 

 

 

 

 

 



 

111 

SUMMARY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Summary 
 

 

112 

Summary 

Pangasius has become one of the most important export products of Vietnam. In 2015, 

exports of pangasius were valued around 1.5 billion USD; 24% of exports were to EU 

markets. In recent years, the sustainability of pangasius production has been increasingly 

questioned due to disease outbreaks, water pollution, and antibiotic pollution from the 

discharge of untreated effluents into surrounding aquatic ecosystems. Furthermore, retailers 

and buyers in the EU increasingly demand pangasius products from environmentally 

sustainable and socially equitable production systems, such as those with Aquaculture 

Stewardship Council (ASC) certification. As a response to the quest for environmental 

sustainability, Recirculating Aquaculture System (RAS) could be an opportunity not only to 

reduce waste discharge and to improve water quality in the fish ponds, but also to 

contribute to a reduction in the occurrence of fish diseases and thus to decreased mortality 

and lower use of medicines. RAS has recently been established at a pilot facility at Cai Be 

station in the Tien Giang province in order to test its presumed benefits as outlined above.  

Traditional pangasius farms usually operate one or several 3 to 5 meter deep fish pond(s) 

with one or two sluice gates, and a feed storage. Stocking densities vary from 5 to 31 

fish/m
3
, depending on the size, availability of fingerlings and the financial capacity of 

farmers to purchase feedstock. Most farms use river water in the fish ponds and discharge 

waste water directly into channels leading to the Mekong River. RAS can be applied in an 

existing pond or a completely new pond. The application of in-pond RAS in pangasius 

farms requires additional investments in a moving bed bio-filter, filter media, septic tank, 

pumps and pipes for water movement and aeration. Stocking densities are 76 fish/m
3
 and 

only extruded pellets are applicable used with RAS. Investing in RAS at farm scale is 

costly. Also, future prices, yields, and operating expenses for RAS are uncertain. This 

uncertainty combined with the high initial investment costs means that the economic 

feasibility is also uncertain and this may constrain the adoption of RAS. Hence, the overall 

objective of this thesis was to perform an economic analysis of technological innovations 

such as RAS to improve the sustainability of pangasius production in Vietnam.  
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Chapter 2 measured input- and output-specific technical and scale inefficiency of 

Vietnamese pangasius farmers with a traditional system and to assess the impact of farmers’ 

demographics and farm characteristics on these technical and scale inefficiencies. For this, 

a non-radial directional input-output distance function was first used to estimate the input- 

and output-specific technical and scale inefficiency. Second, a bootstrap truncated 

regression was used to analyse the farmers’ demographics and farm characteristics 

influencing the input- and output-specific technical and scale inefficiency. Data were 

collected from the survey and a workshop. The workshop was used to increase the number 

of observations on the traditional system for large farms (larger than 3 ha). Eighty-two 

surveyed farmers and fourteen additional farmers from large farms in the workshop came 

from two representative pangasius farming regions, including the main pangasius fresh 

water production and newly developed salt water intrusion region. Results suggested that 

inadequate management skills in using capital assets, as indicated by a capital-technical 

inefficiency of 42%, and improper methods for producing fish, as indicated by fish yield-

technical inefficiency of 30%, are the main challenges for enhancing the performance of 

Vietnamese pangasius production. Moreover, technical inefficiency was found to be 

negatively associated with the age, experience and education level of pangasius farmers. 

Location of the farm in a salt-water intrusion area was positively associated with 

inefficiency of producing fish. As described above, the introduction of technological 

innovations such as RAS allowing for higher stocking densities and better quality of pond 

water would potentially increase the pangasius yields, and thus improve the performance of 

Vietnamese pangasius farms. 

Chapter 3 analysed the economic feasibility of RAS in Vietnamese pangasius farming. This 

study used a capital budgeting approach and accounts for uncertainty in key parameters. 

Stochastic simulation was used to simulate the economic performance of medium (1-3 ha) 

and large farms operating with a traditional system or RAS. Data for traditional system 

were obtained from the same sample as in Chapter 2. Data for the expected performance of 

RAS were also obtained from the same workshop as in Chapter 2. However, participants in 

the workshop also included twenty-nine farmers with small (smaller than 1 ha), medium 

and large farms, and six experts. Experts were local aquaculture specialists and aquaculture 
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researchers. The workshop was also used to elicit future projections of pangasius prices and 

yields for both traditional and RAS systems. The perceived costs and revenues of RAS 

were assessed based on the previously filled information on the traditional system. Results 

show that farmers were generally positive about the economic performance of RAS. Based 

on the perceptions of farmers and experts, the net present value (NPV) of investment in 

RAS substantially increases, for both medium and large farms. With RAS, the crucial 

parameters determining profitability are initial investments, pangasius yields, and pangasius 

price.  

Chapter 4 investigated key determinants influencing the adoption of RAS by Vietnamese 

pangasius farmers. Given the high initial investment, this study focused on large farms 

(equal to or greater than 3 ha) as these are more likely to adopt RAS due to their relative 

cost advantage. To evaluate the role of different variables in the adoption of RAS, a choice 

experiment was designed and administered to pangasius farmers. Choice experiments were 

conducted during three workshops, attended by a total of ninety-five farmers with large 

farms. Results suggested that lower initial investment, higher expected yields and a 

guaranteed price premium for ASC-certified pangasius are likely to encourage farmers to 

adopt RAS; also adoption is more likely in areas suffering from salt intrusion and by 

younger farmers with a higher level of education and a higher household income. In general 

however, this study found the relatively low probability to adopt RAS is explained by the 

lack of trust in receiving a price premium, inadequate access to finance and uncertainty 

about the actual performance of RAS.  

Chapter 5 analysed price transmission along the international supply chain of pangasius. 

This study used the vector autoregressive error correction model (VECM) to investigate 

this relationship. Results showed that price changes at the Polish retail stage do transmit to 

wholesale, export, and Vietnamese pangasius farm stages with some delay (a month for 

both farm-export and wholesale-retail markets, and two months for the export-wholesale 

market). Moreover, price transmissions from wholesale to export and from export to farm 

are characterized by both short- and long-run symmetries. In the short run, retailers tend to 

transmit only wholesale price increases to their customers and wholesalers transmit only 
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retail price increases to exporters. In addition, a long-run relationship between wholesalers 

and retailers is absent, thereby reducing the ability of chain actors to respond to all market 

signals.  

Finally, Chapter 6 provided a synthesis of the main findings, and a reflection on the 

methodologies and data used in the Chapters 2-5 as well as a discussion of the implications 

for business, policy and future studies. The main conclusions of this thesis are summarized 

as follows:  

1. The inadequate management skills in using capital assets, as indicated by a capital-

specific technical inefficiency of 42%, and improper methods for producing fish, 

as indicated by fish yield-technical inefficiency of 30%, are the main challenges 

for enhancing the performance of Vietnamese pangasius production (Chapter 2). 

2. The probability of RAS being a profitable investment is 99% for both medium (1-

3 ha) and large farms (greater than 3 ha) (Chapter 3).  

3. Crucial factors leading to improved economic performance of RAS compared to 

traditional system are the improved pangasius yields and pangasius prices 

(Chapter 3). 

4. Main constraints for adoption of RAS are the lack of trust in receiving a price 

premium, lack of access to finance, and uncertainty about the performance of RAS 

(Chapter 4).  

5. Younger and more educated farmers with higher household incomes and with 

farms in salt water intrusion areas are more likely to adopt RAS (Chapter 4). 

6. In the Vietnamese-Polish pangasius supply chain, price signals at retail stage 

transmit back to wholesale, export and Vietnamese pangasius farms (Chapter 5).  

7. International retailers can provide a price premium for certified pangasius to 

compensate for the high investments in RAS and increase the likelihood of 

adoption of RAS (Chapter 3 and 4).  
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