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Abstracts 11 

The shrimp industry plays a leading role in aquaculture development in Vietnam. Currently, the 12 

government is running a credit subsidy program to support farmers investing in improved production 13 

methods. This paper aimed to investigate white-legged shrimp farmers’ willingness to invest in 14 

improved production methods and to examine whether the current government policy for the sector 15 

is in line with farmers’ preferences using a discrete choice experiment. The results show that farmers 16 

do not care about the environmental impacts but emphasize increased yields and more successful 17 

crops as the main drivers of their willingness to invest. There is a mismatch between the current 18 

subsidized interest rate and farmers’ required interest rate. These findings suggest that to promote 19 

better investment in improved production methods, the government should focus on the regulatory 20 

framework, monitoring and control of environmental impacts, and reevaluate the size of the credit 21 

subsidy. 22 

Keywords: sustainability, shrimp aquaculture, improved aquaculture method, discrete choice 23 

experiment, Vietnam. 24 

Introduction 25 

Shrimp aquaculture is one of the fastest growing seafood industries in Vietnam and the industry has 26 

contributed significantly to the economic development of coastal areas (Jo et al., 2019) and made 27 

Vietnam the third largest shrimp aquaculture producer in the world by volume (Food and Agriculture 28 

Organization of the United Nations [FAO], 2018). However, despite the significant contribution of 29 

aquaculture to the economy, the rapid development of the industry has led to severe environmental 30 

impacts with the loss of 80% of mangrove forests over the last 50 years as the most prominent 31 

example (Thornton et al., 2009). Furthermore, the waste water from production is often discarded 32 

directly into the same water body serving as source water, which leads to severe and persistent disease 33 

outbreaks and economic losses to the farmers (Ministry of Agriculture and Rural Development 34 

[MARD], 2017). To combat this, farmers are using more than 30 different types of antimicrobials 35 

(antibiotics) in production, which raises significant concerns regarding food hygiene and safety (Thuy 36 

et al., 2011). This, combined with a rapid increase in the number of eco-certification schemes for 37 

aquaculture, which tighten the regulations and requirements for environmentally sustainable 38 

production process (Bush et al., 2013; Jonell & Henriksson, 2014), has led farmers to plan for more 39 

sustainable production methods and ultimately to reduce their negative environmental impacts.  40 

Recently, the Vietnamese government passed the National Action Plan for Sustainable 41 

Aquaculture to encourage shrimp farmers to change from conventional aquaculture production 42 

practices to improved production practices and to promote implementation of certification systems 43 

for the industry (Republic of Viet Nam Government Portal [VGP], 2018). This is in line with the 44 

government’s sustainable development goals focusing on productivity improvement and meeting 45 

market demand while at the same time protecting the environment. Furthermore, it indicates that the 46 

shrimp industry will be under a strategy for large scale development that considers the ecological 47 

characteristics of each region to increase productivity and quality of products, and to reduce the 48 

environmental impacts. The governmental policy also aims to establish a link between production 49 

and trade to enhance the efficiency and competitive strength of the sector, which enhances food 50 

security and helps alleviate poverty. Perhaps most notably, the government, through the State Bank 51 

of Vietnam, has appointed eight banks to provide 100,000 billion VND (4.31 billion USD) in support 52 
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of a credit scheme to encourage investment in improved agriculture, but the scheme is open to shrimp 53 

aquaculture farmers as well. The credit scheme provides farmers with subsidized interest rates, where 54 

the subsidized interest is 0.5-1.5 percentage points below the market interest rate (8.2% for a year 55 

loan).1 Conventional shrimp aquaculture is characterized by semi-intensive or intensive production, 56 

which depends mostly on regularly exchanged water and high antibiotic use to reduce the risk of 57 

harvest failure. Improved production methods, such as multi-stage farming, biofloc technology, and 58 

recirculating aquaculture system (RAS), on the other hand, advocate controlled antibiotic use or no-59 

use of antibiotics during the production and treated water for reuse (Ministry of Agriculture and Rural 60 

Development [MARD], 2017).  61 

Food and Agriculture Organization of the United Nations, (FAO, 2017) has created guidelines 62 

on how the aquaculture sector can achieve its sustainable development goals with comprehensive 63 

indicators for technical, institutional and policy changes. To help with the transition to becoming a 64 

sustainable economic sector, we need to understand better farmers’ willingness and motivation to 65 

invest in and adopt sustainable production practices. Existing research shows that the challenge is 66 

multifaceted and that farmers' decision to adopt new sustainable technology depends on technical, 67 

social, and economic factors (Kumar et al., 2018). Previous studies investigating farmers’ decision to 68 

adopt new technologies and practices often focus on farm characteristics and stocking density 69 

(Johnson et al., 2014; Engle et al., 2017), prejudices against organic production methods (Lasner & 70 

Hamm, 2011), consumers’ interest in products that are produced in an environmentally friendly way 71 

(Perdikaris et al., 2016) or incentive based regulations for adoption (Nielsen, 2011;  2012). Other 72 

factors that may affect adoption, such as investment costs, potential yield, and income, are rarely 73 

investigated, with the exception of  Whitmarsh et al. (2006); Ngoc et al. (2016); and Mitra et al. 74 

(2019).  75 

In Vietnam, there has been quite a few studies focusing on the negative impacts of aquaculture 76 

on the environment  (Nguyen et al., 2007, Thu et al., 2018, Bui et al., 2013, Tu et al., 2009), however, 77 

with a few notable exceptions, see e.g. Bosma et al. (2012) and Ngoc et al. (2016), they rarely explore 78 

farmers’ decision to adopt new aquaculture practices. Bosma et al. (2012) carried out a study to 79 

investigate the factors influencing farmers’ decision to adopt integrated rice-fish farming systems in 80 

the Mekong delta of Vietnam. They found that farmers who are neighboring irrigated fields and 81 

ponds, have more knowledge about rice-fish cultures and better access to loans are more willing to 82 

adopt rice-fish farming systems. Farmers’ education and training level positively affects the 83 

probability of adopting rice-fish farming systems. Ngoc et al. (2016) investigated the determinants 84 

affecting the adoption of RAS by catfish farmers in Vietnam using a discrete choice experiment. The 85 

results from this study showed that the probability of adopting RAS is positively influenced by yield 86 

and the price premium associated with the Aquaculture Stewardship Council (ASC) certification 87 

while negatively affected by the initial investment cost. Furthermore, catfish farmers located in 88 

saltwater intrusion areas are more likely to adopt RAS relative to their freshwater counterparts. Both 89 

studies mainly explored the determinants influencing the farmers’ decision to adopt improved 90 

production practices and indicated that the main barrier to adoption is the high investment cost. 91 

 It is unclear what the impact of the current government policy is, how advantages provided 92 

by improved aquaculture methods affect farmers’ adoption decision and whether the government’s 93 

credit subsidy scheme is in line with farmers’ preferences. The impact of the improved shrimp 94 

aquaculture policy depends very much on whether farmers invest in improved production methods. 95 

This study, therefore, will add to the growing literature on sustainable aquaculture in Vietnam by 96 

investigating shrimp farmers’ responses toward the government policy associated with sustainable 97 

shrimp aquaculture development by looking at their willingness to adopt improved production 98 

practices and level of the preferred credit subsidy. A discrete choice experiment is used to elicit 99 

farmers’ preferences for different investment options using varying levels of the credit subsidy as the 100 

 
1 Market interest rate was issued by Agribank at the time of the survey design, July 2018. 
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compensation vehicle. This allows for comparison between the estimated subsidized interest rate and 101 

the current government subsidized interest rate to invest in improved production practices.  102 

In standard economic theory, two common market-based instruments can be used to target 103 

and change behavior: taxes and subsidies. In Vietnam, an environmental fee levied at wastewater 104 

already exists, however, it is too small to induce farmers to change from conventional to improved 105 

farming methods. A clear policy is to increase the size of the environmental fee to strengthen the 106 

incentives to invest. However, given the social context, this is an infeasible alternative. Most 107 

aquaculture farms in Vietnam are small-scale household businesses without real access to investment 108 

capital to change their production methods. Increasing the fees is likely to leave shrimp farmers worse 109 

off with even less capital to put towards investment. A more feasible policy alternative is to expand 110 

upon the existing credit subsidy policy, where the government guarantees for the loan and subsidizes 111 

the interest rate for shrimp farmers who are willing to invest. A credit subsidy can be viewed as both 112 

good and bad. It is good when it helps achieve the desired goals and bad when it makes some sectors 113 

favored over others (Schrank & Keithly, 1999). Initially, credit subsidies help especially small-scale 114 

farmers adopt new technologies and reduce their disadvantage relative to large-scale farmers, who 115 

often have the financial capacity to be early adopters and can use the increased efficiency from new 116 

technology to undercut the competition by pressuring prices (Fan et al., 2008;  Guillen et al., 2019). 117 

This is highly relevant in the Vietnamese context where 91.4% of farms are less than 1 ha (Anh et al., 118 

2019). 119 

  120 

Methodology 121 

Discrete choice experiment  122 

To evaluate the effects of different factors on farmers’ decision to adopt improved aquaculture 123 

practices, a discrete choice experiment (DCE) was designed. A DCE is a stated preference technique 124 

where people are asked to make a sequence of choices among a finite set of policy alternatives 125 

described by a number of attributes. By varying the combination of attribute levels across alternatives 126 

and choice tasks, we can estimate shrimp farmers’ preferences for each experimentally designed 127 

investment alternative by looking at how they make trade-offs when choosing among the available 128 

alternatives (Ortega et al., 2014; Ngoc et al., 2016).  129 

There were two experimentally designed policy alternatives and an opt-out option (i.e., status 130 

quo). Each alternative was described by four attributes: change in yield, additional crop, reduced 131 

water exchange during production, and subsidized interest rate. The attributes were identified based 132 

on a review of the relevant literature and two focus group discussions with experts on white-legged 133 

shrimp farming and shrimp farmers.  134 

Applying environmentally friendly improved production methods, such as water quality 135 

control methods and reduced use of antibiotics and biocides, may increase yields per crop. However, 136 

some improved methods require certain areas to be put aside for supply and water treatment ponds, 137 

which may reduce the area available for shrimp ponds and consequently reduce the yield per crop. 138 

The change in crop yield attribute captures this effect. With conventional shrimp farming, a successful 139 

farmer will have 1 to 2 crops per year, whereas with improved shrimp farming, the successful farmer 140 

may have 2 to 3 crops per year. The additional crop attribute captures this effect. The environmental 141 

impact from production is captured through the water exchange attribute. Conventional shrimp 142 

farming methods require farmers to change the pond water daily, whereas improved farming methods, 143 

which rely heavily on water treatment, allows for reuse of water and consequently much lower water 144 

exchange. This reduces the runoffs into common source waters and improves water quality. Investing 145 

in improved production methods is expensive and access to capital remain a barrier to many farmers. 146 

Currently, there is a credit subsidy scheme in place for agricultural investment that is also open to 147 

aquaculture investment. To capture the extent and scale of subsidy that induce farmers to switch from 148 

existing aquaculture methods, each investment alternative contains a subsidized (preferred) interest 149 

rate. An overview of the attributes and their levels is provided in Table 1. 150 

Table 1. Attributes and levels of choice experiment 151 

Attribute Description Levels 
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Yield The crop yield change  -20%; -10%; 0; +10%; +20%  

Crop Added new crop per annum 0; 1 

Water exchange Average percentage of water exchanged 

per crop 

10%; 15%; 20%; 25%; 30% 

Interest rate Preferential interest rate for a year loan 4.2%; 5.2%; 6.2%; 7.2%; 8.2% 

 152 

 Attributes and levels were combined into 15 choice tasks blocked into three blocks of 5 153 

choice tasks each.  An initial efficient design using zero priors was created. To increase the efficiency 154 

of the design, a pilot survey with 30 respondents was conducted to obtain more informative priors 155 

used to update the design.  The design was optimized for the multinomial logit model and efficiency 156 

determined based on minimizing the d-error (Scarpa & Rose, 2008). Each respondent was randomly 157 

allocated into one of the three blocks. Prior to the discrete choice experiment, respondents were 158 

introduced to the attributes and their levels. They were asked to choose between the two 159 

experimentally designed alternatives and the status quo, i.e. the “I will not invest” option, and told 160 

that there are no right or wrong answers and that only their preferences matter. An example choice 161 

task is provided in Table 2.  162 

 163 

 164 

 165 

Table 2. Example choice card. 166 

Scenario 1 Plan A Plan B Plan C 

Change in crop yield     20% 20% I would like to 

keep my 

current 

practice  

Added new crop per annum  1 0 

Water exchange level for each crop   15% 10% 

Per annum interest rate    4.2% 4.2% 

I choose            

 167 

Econometric model 168 

The utility farmer n receives from choosing alternative i in choice task t can be expressed by 169 

the random utility function in Equation 1.  170 

𝑉𝑛𝑖𝑡 = 𝛽𝑛𝑋𝑛𝑖𝑡 + 𝜀𝑛𝑖𝑡. (1) 

where 𝛽𝑛 is a vector of utility weights to be estimated, 𝑋𝑛𝑖𝑡 is a vector of attribute levels, and 𝜀𝑛𝑖𝑡 is 171 

an alternative-specific error term assumed to be independent and identically distributed following a 172 

type I extreme value distribution. Under standard assumptions this leads to the well-known 173 

multinomial logit model (McFadden, 1974). Assuming that respondent 𝑛  choses their utility-174 

maximising option out of a choice set 𝑗 = 1, … , 𝐽 in any choice situation 𝑡 = 1, … , 𝑇𝑛, the probability 175 

of recording a choice sequence 𝑦𝑛 = [𝑦𝑛𝑡, … , 𝑦𝑛𝑇] is: 176 

   𝑃(𝑦𝑛|𝑋𝑛𝑖𝑡) = ∏
𝑒𝑥𝑝(𝛽𝑋𝑛𝑖𝑡)

∑ 𝑒𝑥𝑝(𝛽𝑋𝑛𝑗𝑡)
𝐽
𝑗=1

𝑇𝑛
𝑡=1     (2) 177 

However, the multinomial logit model assumes that all farmers have the same preferences for 178 

investing in improved aquaculture. This is a very restrictive assumption. To take into account that 179 

farmers’ preferences vary, mixed logit (MIXL) and latent class (LC) models are also estimated.  In 180 

the mixed logit model, the coefficient 𝛽 is a function of a set of parameters as follows (Train, 2002; 181 

Hensher & Greene, 2003) : 182 

𝛽𝑛 = 𝛽 + Γ𝜂𝑛         (3)                                       183 

where 𝛽 is a vector of the population estimated mean, Γ is the estimated standard deviation/spread 184 

and 𝜂𝑛 is a vector of draws from a specified distribution (Train, 2002). The mixed logit probability of 185 

the sequence of choices made by a farmer can be specified as the integral of the product of logit 186 

formula over all possible values of 𝛽: 187 

   𝑃(𝑦𝑛|𝑋𝑛𝑖𝑡) = ∫ ∏
𝑒𝑥𝑝(𝛽𝑛𝑋𝑛𝑖𝑡)

∑ 𝑒𝑥𝑝(𝛽𝑛𝑋𝑛𝑗𝑡)
𝐽
𝑗=1

𝑇𝑛
𝑡=1 𝑓(𝛽|𝜃)𝑑𝛽  (4) 188 
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Notice that the mixed logit model takes the panel structure of the data into account. The integral in 189 

Equation 3 does not have a closed form solution, but is approximated through simulation.  190 

The LC model on the other hand does not require the analyst to make any assumptions about 191 

how preferences are distributed in the sample. The analyst has to decide on how many support points 192 

to estimate in each distribution, i.e. the number of classes. The model is based on the assumption that 193 

there is a finite number of different farmers in the world that have the same preferences. Effectively, 194 

the model assumes preference homogeneity within classes and heterogeneity between them (Greene 195 

& Hensher, 2013). The probability of the sequence of choices made by a given farmer is the 196 

expression in Equation 5:  197 

𝑃(𝑦𝑛|𝑋𝑛𝑖𝑡) = ∑ 𝜋(𝑐|𝑧𝑛) ∏
𝑒𝑥𝑝(𝛽𝑐𝑋𝑛𝑖𝑡)

∑ 𝑒𝑥𝑝(𝛽𝑐𝑋𝑛𝑗𝑡)
𝐽
𝑗=1

𝑇
𝑡=1

𝐶
𝑐=1  .     (5) 198 

where 𝛽𝑐 is the specific coefficient vector for class c and 𝜋𝑛𝑐 is the probability that farmers n belongs 199 

to class c.  200 

All models are estimated in NLOGIT 6.0. In the present study, farmers’ willingness-to-accept 201 

a subsidy (their preferred interest rate) to invest in improved production methods is calculated. Using 202 

a linear-in-the-parameters utility function, the marginal willingness-to-pay (MWTP) is simply the 203 

marginal rate of substitution between the non-monetary and monetary attribute, which here reduces 204 

to the negative ratio of the parameters.  The formula is shown in Equation 6. 205 

𝑀𝑊𝑇𝑃 = − (
𝛽𝑘

𝛽𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒
)                (6) 206 

where 𝛽𝑘 and 𝛽𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 are the coefficients of k-th attribute and of the interest rate attribute. In 207 

the MIXL model, the willingness-to-pay is a ratio of distributions and  needs to be simulated, whereas 208 

in the LC model, it is the weighted sum across classes, where the weights are the class probabilities. 209 

Farmers’ marginal WTP, measured as a preferred interest rate, for a year loan can be used to assess 210 

their willingness to adopt improved production practices.  211 

Data collection 212 

The data was gathered by face-to-face interviews in April of 2019 from four provinces; Khanh 213 

Hoa, Ninh Thuan, Soc Trang, and Bac Lieu, where most of the white-legged shrimp production takes 214 

place. Each interview lasted approximately 20 minutes. The first part of questionnaire elicited general 215 

information on farming activities such as existing farming methods, size of the farm, production level, 216 

water exchange. The second part of the questionnaire was dedicated to perceptions and attitudes 217 

toward shrimp farming.  The choice sets were presented in the third part followed by a set of standard 218 

socio-economic variables. A sample of 205 completed surveys was obtained. 219 

Results 220 

 Characteristics of samples 221 

Table 3 shows summary statistics for the sample. Most of the farmers in the sample are male 222 

with an average age of 49 and 17 years of shrimp farming experience. The majority have not finished 223 

secondary school, i.e. less than nine years of education. The average farm is 1.48 ha and the average 224 

household size is 4.58, and the mean monthly household income is 19.58 VND million (844 USD)2.  225 

Table 3. Summary statistics of farmer households in the sample. 226 

    Variable                        Mean        Std. Dev./ share      

Gender (%) 

      Male                                                                      98.5                      

      Female                                                                  1.5 

Age of respondents (years)        49.11                  9.69 

Farming experience (years)                                        6.63                    5.89 

Education     

      Not finished secondary school                   126                     61.75%      

      Secondary school and high school                       45                       22.07%        

      Professional qualification of degree                     6                         2.94%      

      Undergraduate degree                        27                       13.24%   

 
2 1 USD = 23,195 VND 
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Farming Area (ha)                                                      1.48                    1.05 

Labour (in persons)                                                 4.51                    3.56 

Household size (members)                                         4.58                    1.43 

Monthly household income (million VND)               19.58                  10.41 

The number of respondents: 

Khanh Hoa                                                                 55 

Ninh Thuan                                                                50 

Soc Trang                                                                  50 

Bac Lieu                                                                    50 

Reasons for the adoption of improved shrimp aquaculture 227 

 To better understand what underlies farmers’ decision to invest and adopt improved 228 

aquaculture practices, information about their perceptions on the methods' advantages as well as their 229 

financial means and their knowledge and capacity to adopt the techniques were collected. Figure 1 230 

reports farmers' perceptions of improved shrimp farming methods. A large share of farmers believed 231 

that improved production methods can help increase the price of shrimp (66.2%), control the spread 232 

of disease (81.5%), and allow them to use fewer antibiotics and pesticides (81%). Almost all of the 233 

farmers state that they are concerned about the water quality in the shrimp ponds. Furthermore, many 234 

farmers believe that they have the necessary knowledge to invest in, and adopt, improved production 235 

methods (69.3%), and that they can successfully apply improved practices on their own farm (57.1%). 236 

However, farmers’ financial capacity to adopt improved aquaculture methods was remarkably low. 237 

Only 20.5% of the farmers indicated they have sufficient financial capacity to invest in improved 238 

farming practices.  239 

240 
Figure 1.  Perceived benefits and capacities for adoption of improved shrimp production practices 241 

(measured in %). 242 

Farmers’ preferences towards the adoption of improved shrimp aquaculture methods 243 

 Table 4 provides an overview of the variables entering the utility functions and their 244 

description. Because the crop yield attribute contained both increases and decreases in yield, and it 245 

would be expected that the signs are different, separate parameters are estimated. The average water 246 

exchange per crop is recoded based on farmer self-reported current water exchange such that it enters 247 

the model as a reduction in water exchange per crop. It is hypothesized that some farmers may be 248 

willing to accept a lower yield per crop if the reduction is offset by an increase in the number of crops. 249 

To capture this, an interaction term between yield and an additional crop is included. To address any 250 

potential opt-out or status quo effects, an alternative specific constant for the “I don’t want to invest 251 

alternative” is included (Campbell & Erdem, 2018). In the MIXL model, 5000 Modified Latin 252 

Hypercube Sampling (MLHS) draws per respondent and random parameter were used to approximate 253 

the integrals.  254 

Table 4. Descriptions of variables used in regression models. 255 

0 20 40 60 80 100

Shrimp price increase

Control of the spread of disease

Fewer use of antibiotics and pesticides

Concern about water quality

Enough financial capacity for adoption

Enough knowledge for investment and adoption

Belief in successful adoption

Strongly disagree Disagree Neutral Agree Strongly agree
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Variables Description 

ASC Alternative specific constant (1 = no-change option, 0 = management 

plan A or B) 

YDDEC Decrease in crop yield by 10% or 20% 

YDINC Increase in crop yield by 10% or 20% 

CROP 

YIELDCROP 

Added new crop in year equal to 1 

Interaction YIELD and CROP 

WATER 

INTEREST RATE 

Wastewater reduction in crop 

Per annum interest rate for the loan 

 256 

Table 5 and 6 show the estimation of the MNL and MIXL model, and LC model, respectively. 257 

First, for the MNL model, all parameters have the expected sign. Farmers dislike an increase in the 258 

interest rate (a smaller subsidy in this case), and they prefer an additional crop and higher yields. They 259 

dislike a reduction in yield, but the positive and significant interaction term suggests that an additional 260 

crop may offset some of the disutility from reduced yield. They do care about the reduction in 261 

wastewater however the estimate is  weakly significant (P < 0.1). Lastly, the estimate for the 262 

alternative specific constant is negative, large and significant, which indicates that farmers tend to 263 

choose one of the investment options.  264 

The MNL model assumes independence from irrelevant alternatives (IIA) and ignores any 265 

heterogeneity between farmers. In the MIXL model, the parameters follow pre-specified distributions 266 

to capture unobserved preference heterogeneity among farmers. It is assumed that all farmers have 267 

positive utility associated with an increase in yield and negative utility associated with a decrease in 268 

yield and an increase in the interest rate (reduction in the subsidy). To accommodate this, these three 269 

parameters are assumed to follow constrained triangular distributions where the spread is constrained 270 

to be less than or equal to the mean. Alternatively, a log-normal distribution with and without sign 271 

change could have been assumed. However, the log-normal distribution tends to have a large mass 272 

close to zero and a long tail, which can result in quite implausible WTP estimates (Hensher et al., 273 

2015)3. The parameters of the remaining attributes and the alternatives specific constant are assumed 274 

to follow normal distributions. Allowing for preference heterogeneity leads to a substantial and 275 

significant improvement in model fit, however, it cannot be ruled out that part of this improvement 276 

is because the MIXL model takes the panel structure of the data into account. While direct comparison 277 

of parameters is not feasible because the models are subject to different scaling,   some general 278 

remarks should be made. The means of the preference distributions have the same sign, except for 279 

water exchange, and are of roughly the same magnitude as the estimates in the MNL model, except 280 

for perhaps decrease in crop yield and wastewater reduction.  281 

Looking at the distributions for the additional crop and increase in crop yield, the means are 282 

positive and highly significant and the spread is equal to the mean. This indicates that there is 283 

significant heterogeneity with respect to this attribute with half the farmers having stronger 284 

preferences and half the farmers having weaker preferences relative to the mean. Interestingly, when 285 

considering preference heterogeneity, both the mean and spread of decrease in crop yield are 286 

insignificant. This indicates that farmers who are willing to invest in high tech production practices 287 

do not care about the possible reduction in yield, on average.  288 

The interaction between yield and an additional crop is large and significant, but the standard 289 

deviation is insignificant indicating little heterogeneity. It is not particularly surprising and is possibly 290 

the result of an additional crop always being desired regardless of whether it comes with an increase 291 

or decrease in yield. Indeed, failure rates of crops under conventional farming is so high, that even 292 

one additional successful crop is very important to farmers.  293 

Table 5. Estimation results for the MNL and MIXL models 294 

 
3 A MIXL model was also estimated, in which the random parameters followed normal distributions and were correlated, 

but the model fit did not improve from the current MIXL model and the random parameters were weakly correlated. A 

MIXL model in WTP space did not converge. 
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 MNL Model MIXL Model 

Mean S.E. Mean S.E. SD S.E. 

Parameters   

INTEREST RATE -65.314*** 5.108 -71.104*** 6.692 71.104*** 6.692 

CROP 0.889*** 0.1414 1.060*** 0.137 1.060*** 0.137 

YDDEC -0.413** 0.171 -0.175 0.205 0.175 0.205 

YDINC 1.869*** 0.172 2.394*** 0.248 2.394*** 0.248 

YIELD.CROP 2.451*** 0.689 2.756*** 0.786 1.209 2.970 

WATER  0.733* 0.394 -0.424 0.729 1.762 2.206 

ASC_SQ -3.654*** 0.321 -4.686*** 0.495 0.683 0.426 

Model statistics   

Observation 1025  1025    

Parameters 7  14    

Log L -841.497  -816.295    

Likelihood ratio test   50***    

AIC/N 1.656  1.612    

BIC/N 1.689  1.660    

McFadden R-squared 0.197  0.275    
Notes: ***, **, * ==> Significance at 1%, 5%, 10% level of confidence; S.E.=standard error; SD=standard deviation  295 

 296 

The mean of the distribution for wastewater reduction is negative, but insignificant, which 297 

indicates that, on average, farmers do not care particularly about reducing wastewater, and while the 298 

standard deviation is large, it is also insignificant. The mean of the distribution for the ASC is negative 299 

and large, which indicates that farmers prefer either of the experimentally designed alternatives over 300 

the opt-out option implying that they are likely to invest in improved production methods. 301 

Furthermore, there is very little heterogeneity with respect to this behavior as evident by the 302 

insignificant standard deviation. The conventional shrimp aquaculture industry in Vietnam has faced 303 

major challenges with disease and water pollution, which is a strong contributor to why farmers have 304 

looked to alternative production methods and species. 305 

 Results of the LC model with two latent classes are reported in Table 6. The LC model fits 306 

the data better compared to the MIXL model.  Choosing the correct number of classes to estimate 307 

implies trading off economic feasibility with statistical fit. In this case, moving beyond two classes 308 

led to numerical instability and implausible signs for the interest rate coefficient in one of the classes. 309 

Farmers in Class 1 are likely to be indifferent to alternative investments as evident by the very large, 310 

negative and insignificant ASC, but they are very sensitive to changes in the interest rate. Except for 311 

wastewater reduction, none of the other parameters in Class 1 are significant. Those in Class 2, on 312 

the other hand, are likely to invest in improved production methods. This is also the largest class 313 

comprising roughly 67% of respondents. The fact that most parameters are significant and of the 314 

expected signs, indicate that farmers in this class have made trade-offs. While models cannot be 315 

compared directly, it can be noted that the parameter estimates are of the same sign, significance and 316 

rough magnitude as the MNL results and means in the MIXL model, which suggests a certain 317 

convergence of estimates between different model specifications.  318 

Table 6: Estimation results from the Latent Class Model 319 

Variables  Class 1 Class 2 

Coef. s.e. Coef. s.e. 

CROP 45.551 195.048 0.506*** 0.133 

YDDEC 35.204 194.755 -0.343* 0.198 

YDINC 72.738 292.806 1.028*** 0.204 

YIELD.CROP 199.079 974.198 1.590** 0.764 

WATER  -32.685* 19.429 0.769 0.476 

INTEREST RATE -718.755* 377.886 -55.3950*** 5.604 

ASC_SQ -11.055 194.983 -3.318*** 0.346 
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Class probability                    0.33  0.67  

LL function 

Choice sets 

Respondents    

MF R-sq 

AIC/N 

-783.629 

1025 

205 

0.304 

1.558 

   

Notes: ***, **, * ==> Significance at 1%, 5%, 10% level of confidence. 320 

 321 

MWTP results 322 

Table 7 presents the derived marginal willingness-to-pay estimates from the MNL, MIXL and 323 

LC models. The marginal willingness-to-pay from the MNL and LC models were estimated using the 324 

formula in Equation 5 and standard errors were obtained using the Delta method. We report the 325 

simulated mean, median and 2.5 and 97.5 percentiles of the simulated willingness-to-pay distributions 326 

from the MIXL model.  327 

 The mean MWTPs4 associated with the three parameters (YDINC - increase in crop yield by 328 

10 or 20 %, CROP - additional crop, and YIELDCROP - interaction YIELD and CROP) in the MIXL 329 

model were significant, i.e., the 2.5 and 97.5 quantiles do not overlap zero, which implies that farmers 330 

are willing to pay for the increase in productivity as a result of investing in improved aquaculture 331 

methods. Specifically, the farmers are willing to pay for the increase in crop yield at an interest rate 332 

of 5.2% for a year loan. However, they are only willing to pay 2.3% of the interest rate for the added 333 

new crop. The estimates of decrease in crop yield and wastewater reduction parameters were 334 

insignificant, hence the MWTPs of related attributes were insignificant. All significance tests were 335 

conducted using the Wald test statistic. 336 

 337 

Table 7. Marginal willingness-to-pay 338 
 MNL Model MIXL Model LC Model 

Class 1 Class 2 

Mean 95% C.I. Mean Median 2.5% 

quantile 

97.5% 

quantile 

Mean 95% C.I Mean 95% C.I 

CROP 0.014 [0.010; 0.017] 0.023 0.015 0.002 0.080 0.063 [-0.467; 0.594] 0.009 [0.005; 0.014] 

YDDEC -0.006 [-0.011; -0.001] -0.002 -0.002 -0.002 -0.002 0.049 [-0.482; 0.580] -0.006 [-0.013; 0.001] 

YDINC 0.029 [0.024; 0.034] 0.052 0.034 0.005 0.182 0.101 [-0.695; 0.897] 0.019 [0.012; 0.025] 

YIELD.CROP 0.037 [0.017; 0.058] 0.048 0.037 0.004 0.155 0.277 [-2.377; 2.931] 0.029 [0.001; 0.055] 

WATER 0.011 [-0.001; 0.023] -0.009 -0.008 -0.077 0.057 -0.045 [-0.055; -0.036] 0.014 [-0.003; 0.031] 

 339 

The mean MWTP from the LC model are overall lower compared to those from the MIXL model. 340 

The class specific MWTP is reported, however, the sample level (weighted sum) is straight forward 341 

to calculate. Farmers in Class 1 would request a compensation equal to 4.5% of the investment in 342 

improved aquaculture methods to reduce wastewater compared to insignificant MWTP in Class 2. 343 

Farmers were willing to pay for an additional crop an interest rate of 0.9% and for an increase in crop 344 

yield an interest rate of 1.9%. They may also adopt the improved methods, accepting the loss in 345 

production in exchange for a compensation of 0.6% of the investment. 346 

The difference between the mean MWTP value for each attribute and the market interest rate for 347 

a year loan (8.2%) is the subsidized interest rate required for  shrimp farmers to invest in improved 348 

aquaculture practices in Vietnam. As such, for the MIXL model, if the crop yield would be increased 349 

from adoption, the government needs to provide the subsidized interest rate of 3.0% (3.0% = 8.2% - 350 

5.2%) on loans investing in the improved methods for farmers. As for the additional crop, the interest 351 

rate subsidy level is higher, with 5.9% (5.9% = 8.2% - 2.3%) on loans indicating that farmers have 352 

more motivation to adopt improved shrimp aquaculture regarding the crop yield compared to the 353 

additional crop. For the LC model, the subsidized interest rate for adoption will equal 7.3% if adoption 354 

can help to increase number of crop and equal 6.3% if the adoption can bring higher production for 355 

farmers in Class 2.  356 

 
4 The mean MWTP is the interest rate for a year loan that farmers are willing to pay for particular attribute regarding 

improved aquaculture methods. 
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Discussion and conclusions 357 

Environmental and productivity challenges with aquaculture production in Vietnam is likely 358 

to continue for the foreseeable future. Farmers’ decision to invest in improved aquaculture methods 359 

are driven by their willingness-to-pay for the investment. For example, farmers lack access to 360 

affordable capital and, if the barrier to invest is too high, then what is their willingness-to-accept a 361 

subsidy to make the investment? For this reason, it is important to understand farmers’ preferences 362 

for different aspects of an investment option to better understand what drives any given farmer’s 363 

decision to invest. In the present study, a discrete choice experiment is applied to explore the use of 364 

a credit subsidy, which is in line with current governmental policies. The majority of farmers are 365 

interested in improved aquaculture methods, which indicates that there is a potential to promote 366 

adoption of improved technologies for shrimp aquaculture in Vietnam. It is clear from the results that 367 

the important drivers of this willingness-to-invest are the potential improvements in yield and the 368 

possibility of an additional crop. It is a bit surprising that farmers do not appear to place any emphasis 369 

on the reduced wastewater, which would improve the quality of the water source. It is possible that 370 

this reflects a tragedy of the commons situation where no individual farmer has the incentive to reduce 371 

his exchange of water if no-one else does. It is also possible that this lack of weight on wastewater 372 

stems from a lack of knowledge about the potential benefits this yields and how improved production 373 

methods work. It is the belief of authors that this result reflects the need for better management for 374 

wastewater, and perhaps a policy or information campaign targeting the reduction of wastewater 375 

discharge from the aquaculture industry.  376 

Perhaps most importantly, this study highlights the need to design a more appropriate credit 377 

subsidy scheme and policies that aim to support farmers who are willing to adopt improved shrimp 378 

farming methods. The current interest rate for year loans to invest in improved agricultural practices 379 

is equal to 6.5% per year. This is much higher, i.e. a smaller subsidy, compared to what the results of 380 

the present study suggest. Furthermore, applying for a loan with a preferential interest rate is a 381 

complex and rigid process, which is another barrier faced by many farmers, who on average have less 382 

than 9 years of education. As an additional complication, farmers often use agricultural land as the 383 

collateral, however the assets attached to agricultural land have not been certified for ownership to 384 

carry out procedures for registration of secured loans. Additionally, many farmers are unable to meet 385 

the loan conditions due to inadequate business and production plans (Belton et al., 2011; Marschke 386 

& Wilkings, 2014). All of these factors have led to difficulties in accessing the preferential interest 387 

rate/credit subsidy program. 388 

The results presented here provide immediate implications for the development of shrimp 389 

aquaculture in Vietnam and point towards some apparent routes to design policy schemes that will 390 

increase investment in improved aquaculture production methods. Going forward it is important to 391 

take into consideration, economic, social and technical challenges. Furthermore, the results suggest 392 

that the government may need to revise the level of the credit subsidy as well as provide better 393 

information on how to apply for loans. A credit subsidy scheme could provide a good incentive and 394 

encourage shrimp farmers to invest in improved aquaculture methods. However, provision of 395 

subsidies has been debated as it is not likely to increase economic welfare (Binswanger, 1980) and it 396 

may kill innovation (Duflo et al., 2011; Kumar et al., 2018). Therefore, the provision of a credit 397 

subsidy should only be used in the early stages of technological development to help offset the risk 398 

of investment and potential compensate for losses (Omotilewa et al., 2019).  Furthermore, additional 399 

benefits may be had with an expansive policy that help farmers target domestic and export markets 400 

where consumers are willing to pay a price premium for eco- and environmentally friendly labeled 401 

products. This policy would do well to recognize the inter-linkage between stakeholders along the 402 

supply chain to encourage farmers to switch production methods. Since the aquaculture development 403 

plans have been, and continue to be, put in place in different regions in Vietnam, it is essential to 404 

consider the natural conditions and scale of shrimp aquaculture of each region. With different 405 

improved aquaculture methods, the farming technology applied for each area should offer the shrimp 406 

industry a sustainable measure to simultaneously address environmental and socioeconomic issues 407 

associated with its growth.  408 
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Farmers are generally more concerned about the pressing issues of subsistence and income. 409 

Therefore the government faces the challenge of balancing growth in demand with environmental 410 

and social sustainability (Bush et al., 2009; Anh et al., 2019). The shrimp aquaculture industry 411 

requires a framework of regulation, control and monitoring of environmental impacts for further 412 

sustainable development. The regulations for shrimp farming should not only control effluent flows 413 

from aquaculture but also incorporate standards and certification in environmental governance. While 414 

the Vietnamese government still struggles to ensure compliance, a participatory approach that brings 415 

together farmers, processors and retailers to make the interrelations within the governance system 416 

could be a promising strategy for shrimp aquaculture industry (Anh et al., 2011). 417 

Previous studies have valued new culture systems using economic feasibility analysis (Campo 418 

& Zuniga-jara, 2018) or  bioeconomic modelling to analyze the improved efficiency of new methods 419 

on aquaculture management and economic viability (Llorente & Luna, 2015). This paper applies a 420 

stated preference experiment to elicit farmers’ willingness-to-adopt improved aquaculture methods 421 

and discuss the implications for the design of a subsidy program aiming to promote adoption. Due to 422 

the heterogeneity with respect to the interest rate attribute, any subsidy program needs to take into 423 

account that farmers value different aspects of the subsidy program differently. This information is 424 

very helpful to improve the cost-effectiveness of the current subsidy program in Vietnam. That said, 425 

there are challenges associated with the application of choice experiments in developing countries, 426 

especially in rural poor areas with the use of monetary WTP and payment vehicles (Rigby & Russell, 427 

2016). However, the present study indicates that CE can be a useful tool for policy planning in 428 

developing countries. The choice experiment survey evaluated different aspects of improved 429 

aquaculture methods. It thereby can integrate farmers’ preferences into decision making, helping 430 

managers identify appropriate management scenarios for management of aquaculture and 431 

opportunities for income generation for farmers. 432 
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