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ABSTRACT 

 

Enhancing food safety is important for Indonesia that has had its fisheries products refused 

entry into global markets. Aquaculture production in the country has been on the increase, 

and with it comes the risk of biological and chemical hazards from aquaculture practices. 

There is an increase in the demand for food safety standards (FSS) in the global market. 

However, implementing FSS is not easy for small-scale producers since it comes with high 

costs and complex requirements. The Indonesian government has adopted various policy 

reforms and domestic support measures, such as the development of public certification, to 

encourage the uptake of FSS by small-scale producers.  

This study analysed the impact of adopting FSS on the welfare of small-scale fisheries 

producers in Indonesia with four main objectives: 1) to explore the governance structure in 

the shrimp supply chain and its relationship with the FSS; 2) to investigate the determinants 

of the adoption of public certification—in this case, the Indonesian Good Aquaculture 

Practices (IndoGAP)—and the impact of adoption on shrimp farm performance as measured 

by shrimp yield, fish yield, total revenue, variable costs, and net profit; 3) to analyse the 

determinants of market channel choice and its impact on shrimp farm performance; and 4) 

to determine the effects of adopting the IndoGAP certification on the technical efficiency of 

shrimp farming households.  

Chapter 2 examines two types of FSS where small-scale farmers are involved: (1) the public 

food safety management system (FSMS) and (2) the private FSMS. The implementation of 

public FSMS depends on actor-to-actor interactions, whereas private FSMS, in our case the 

Organic Standard, is based on formal contracts in the whole chain (chain-wide). The 

fragmented types of public FSS and certification, and different enforcements for each actor, 

generate different forms of coordination in the supply chain. The market form involves the 

relationships between farmers and feed agents, farmers and instrument shops, farmers and 

wholesalers, and wholesalers and processing plants. The captive form involves relationships 

between farmers and collectors, and farmers and wholesalers. The relational form involves 

relationships between farmers and hatchery units, and collectors and local markets. The 

diverse forms of governance structure in the public FSMS and certification require high 

investments and create high level of coordination and adaptation problems as well as high 
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level of performance measurement problems. In contrast, vertical coordination of the 

private standard is governed by an approved partner contract with the absence of 

intermediary roles, and product traceability is possible. The private standard requires 

investment in dedicated assets and has low coordination and adaptation problems.  

In Chapter 3, data on 53 farmers who have adopted the Indonesian Good Aquaculture 

Practices (IndoGAP) and 129 conventional farmers was analysed using the  endogenous 

switching regression (ESR) model to assess the impact of adopting IndoGAP on farm 

performance (shrimp yield, fish yield, total revenue, variable costs, and net profit). The 

propensity score matching (PSM) method was used to check the robustness of the results. 

The IndoGAP certification was positively associated with shrimp yield and variable costs but 

negatively association with fish yield, total revenue, and net profit.  FSS need to be enforced 

at intermediary to improve market access for certified supplies, increase the number of 

certified farms and improve traceability of shrimp products. This would, eventually, improve 

the competitiveness of the Indonesian shrimp industry in the global market. In addition, 

enhancing access to formal credit is necessary to improve bargaining position of farmers 

towards their buyers.  

 Chapter 4, using the same dataset as Chapter 3, examined the determinants of market 

channel selection for small-scale shrimp farmers where FSS are involved, and the impact of 

market channel selection on farm performance (shrimp yield, total revenue, variable costs, 

and net profit). Using three models—the multinomial logit (MNL), maximum simulated 

likelihood (MSL) and two-stage least square (2SLS)—the results revealed that the adoption 

of IndoGAP certification is not significantly correlated with the choice of market channels. 

The results indicate that farmers who sold their produce directly to wholesalers had higher 

shrimp yields, revenue and variable costs compared to those who sold directly to collectors. 

The farmers who sold their produce to a processing plant had higher shrimp yields compared 

to those who sold to a collector. However, the selection of the processing plant channel over 

the collector did not affect total revenue, variable costs or net profit.  

Chapter 5 analysed the differences in the technical efficiency (TE) between shrimp farms 

implementing the IndoGAP using the slack-based data envelopment analysis (DEA) and 

bootstrap DEA models. The Slack-based DEA is used to deal with input excesses and output 

shortfalls of each farm household while bootstrap DEA is used to correct for sampling 
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variability. The bias-corrected TE scores are analysed using ESR to measure the 

counterfactual impacts of IndoGAP implementation. The results revealed that IndoGAP 

farmers have a lower average TE score compared to the non-IndoGAP farmers on both slack-

based DEA and bootstrap DEA measures, indicating that certified farmers are less efficient at 

using inputs to produce outputs. Besides, IndoGAP certification is negatively associated with 

the bias-corrected technical efficiency. We find that IndoGAP farmers would increase their 

TE scores had they not implemented IndoGAP certification; in contrast, uncertified farmers 

would decrease their TE scores had they implemented IndoGAP certification. Formal 

education, off-farm job, certified nauplius (shrimp juvenile), and the use of lime and 

chemicals have a significant positive association with TE while belonging to a farming group 

and fish stocking have a negatively association with TE.  

To conclude, implementing public FSS, such as the IndoGAP certification, is crucial for 

improving food safety and traceability of aquaculture products due to the complexity and 

high investment costs of private standards for small-scale farmers. IndoGAP certification has 

positive impacts on shrimp yield but negative impacts on fish yield, total revenue, variable 

costs and net profit. IndoGAP was not associated with the choice of market channels. In 

addition, farmers who adopt IndoGAP certification are not technically efficient compared to 

those who practice conventional shrimp farming. These results suggest that the 

implementation of FSS policies needs additional regulation for governing the FSS. When the 

interest is to increase production yields, technology for the implementation of certification is 

needed rather than just managing aquaculture facilities, layout and location, legality, water 

quality and waste, and documentation. Also, increasing the frequency of monitoring and 

control, aquaculture training and farm documentation and reports would help to reduce 

excess inputs. Policy reform to improve the assessment of certification processes is needed, 

especially where local government and extension officers are involved. Improving the 

relationship between farmers and buyers is crucial for improving farm profits. Improving 

access to formal credit and farmer cooperation are strategies that need to be followed up. 

Also, the government needs to develop labelling or market specifications to differentiate 

certified and uncertified products. Developing cluster certification is a good option for small-

scale shrimp farms to improve food safety system in Indonesia since farmers can jointly 

managed the benefit and risks of certification. Lastly, research and development strategies 
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are needed to support technology upgrading and innovation to be readily transferred to 

shrimp farmers.   
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CHAPTER ONE 

 GENERAL INTRODUCTION 

1.1 AQUACULTURE AND FOOD SAFETY STANDARDS 

Fish and fisheries products are one of the most traded food commodities in global markets. 

FAO (2020) estimates that almost 38 percent of total fisheries production is sold in global 

markets. The increase in fisheries production is driven by export demand. The trend in global 

fisheries production escalated from 97.7 to 167 million tonnes between 1990 and 2014. This 

is attributed to improvements in aquaculture production and management practices. 

Aquaculture production contributed about 13.4 percent to total fish production in 1990 and 

44.1 percent in 2014, with an estimated average annual volume growth rate of 8.1 percent. 

Furthermore, FAO (2018) notes that more than 50 percent of fish exports are from 

developing to developed countries, including the (EU), the United States (US) and Japan. The 

export of fisheries products has benefited developing countries at both the macro and 

microeconomic levels. Besides, aquaculture production is a source of global employment 

with about 60 million people employed, 90 percent of which are smallholder fishers (FAO, 

2014). 

The growth of aquaculture and trade proliferation has resulted in developed countries 

becoming stricter with their food safety standards to protect their consumers. Aquaculture 

practices come with potential health hazards during the process of farming, mainly from 

feed additives, drugs and antibiotics (Chimatiro, 1998). Food safety problems in aquaculture 

are caused by environmental degradation as a result of human waste contamination and 

redundant feed from aquaculture activity, leading to uncontrolled growth of bacteria and 

virus such as E. coli, Salmonella, S. aureus, Vibrio and Pseudomonas (Edward, 1992; Sapkota 

et al., 2008). This uncontrolled growth of bacteria necessitates the use of antibiotics to 

prevent diseases in shrimp health management that threaten human health (Primavera et 

al., 1993; Rico et al., 2012, 2013). The presence of antibiotics in water and sediment may 

harm microbiological diversity and ecological balance, which can trigger the growth of 

resistant genes of pathogen bacteria (Cabello, 2006). Sapkota et al. (2008) demonstrated 
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that modern aquaculture practices that use antibiotics can harm farmers and workers, 

communities around the farms and aquaculture product consumers. 

At the global level, food safety standards and certification are set and regulated by the 

World Trade Organisation to prevent food safety problems. The World Trade Organisation 

has developed Sanitary and Phytosanitary Measures as international trade guidelines to 

protect consumers. Codex Alimentarius, initiated by the Food and Agricultural Organisation 

(FAO) and the World Health Organization (WHO), was established in 1962 to regulate 

international food safety and quality standards. The development and growth of standards 

and certification in global trade are based on these guidelines to protect consumer 

wellbeing, deliver fair trade and ensure food standards. Therefore, the FSS has been 

expanded to include the ownership, enforcement, and entity of the scheme: ownership 

(private or public), enforcement (mandatory or voluntary), scope (whole chain or baseline), 

and risk control form (Corsin et al., 2007; Henson & Caswell, 1999; Washington & Ababouch, 

2011). 

Despite the importance of food safety in fisheries products, producer awareness of food 

safety and quality standards remains low, especially in developing countries. Developing 

countries generally have abundant resources but competitiveness and efficiency are low due 

to some drawbacks. Major obstacles preventing developing countries from entering global 

markets from a business perspective include the low level of food safety standards caused 

by lack of awareness of food safety among producers, lack of a legal framework to enforce 

the standards, limited infrastructure supports, and limited coordination between actors in 

the chain (De Silva, 2011; Henson & Loader, 2001; Hooker et al., 1999; Trienekens, 2011). 

Therefore, governance or vertical coordination between actors in the value chain is needed 

to organise and connect producers and buyers, maintain the quality of fisheries products, 

accommodate the consumer requirements of food safety and standards, and manage the 

sustainability of practices (Hammoudi et al., 2009).  

Implementing certification and accreditation is often costly (Muriithi et al., 2011; Trienekens, 

2011). Implementing FSS may require high investment to upgrade sanitary conditions which 

may involve changing the conventional processes, technology and environment, and 

improving human resource capacity (see Henson et al., 2000; Kumar & Kumar, 2003).  
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Furthermore, food safety implementation at the smallholder level in developing countries 

can enhance product competitiveness due to premium prices, market access opportunities, 

global value chain inclusion and improved welfare of producers (Blackman & Rivera, 2011). 

Drawing on an example from Washington and Ababouch (2011), shrimp farmers in the Asia 

Pacific region who implemented Global Good Agricultural Practices (GlobalGAP) had access 

to a larger market and received immediate payment. Henson and Jaffee (2008) note that 

producer countries apply FSS to enter global markets. An increase in responsiveness among 

producers and governments to ensure food safety and quality of their products has become 

a significant feature of international fish trade and marketing.  

While the implementation of FSS has allowed smallholders to enter global markets, some 

farmers have opted to sell their products to local, regional and national markets using 

different marketing channels. This suggests that smallholders may not participate in the 

global value chain for other reasons. While entering global markets is important, 

smallholders find it challenging to participate, especially when faced with constraints 

1.2 CONTEXT AND PROBLEM STATEMENT 

Indonesia is a maritime country, with the ocean being three-quarters of its territory, about 

81,000 km of coastline, and a vast potential area for aquaculture. Thus, aquaculture is an 

important practice for the Indonesian fisheries sector as it contributes to national food 

security, income, and foreign exchange earnings. Recently, aquaculture development has 

accelerated and is now considered an important industry for supporting rural economic 

development. Aquaculture production increased from 9.6 million tonnes in 2012 to 17.2 

million tonnes in 2018 (MMAF, 2018). Aquaculture contributed to about 70 percent of total 

national fisheries production in 2018. 

Shrimp is important in Indonesian aquaculture due to the high demand in global markets. In 

2017, shrimp production contributed around 6 percent to total national aquaculture 

production, third behind seaweed and tilapia commodities, with a total export value of $US 

1.7 billion (MMAF, 2018). More than one tenth of 1.7 million fisheries units are involved in 

brackish-water farming, with a total area of more than 700,000 hectares, most of which are 

small-scale farmers. Two main types of shrimp are farmed—tiger shrimp (Penaeus monodon) 

and white shrimp (Penaeus vannamei). White shrimp was introduced commercially in 2004. 
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Furthermore, Indonesia is one of the highest shrimp producers in the world, being third 

behind China and Vietnam for crustacean production in 2016 (FAO, 2018).  

As shrimp is important in global markets, food safety and quality standards must be followed 

as strictly demanded by the importer countries. Washington and Ababouch (2011) describe 

the various fisheries industry standards to enter global markets: British Retail Consortium 

(BRC), International Food Standard (IFS), Safe Quality Food (SQF) and Hazard Analytical and 

Critical Control Points (HACCP) for fish processing products; Aquaculture Certification 

Council (ACC) and GlobalGAP for aquaculture; and eco-labeling scheme for wild capture 

practice. The Indonesian shrimp industry is relatively well-established in terms of 

implementing the FSS. Some companies have implemented shrimp certification, including 

ACC, Naturland (an independent, non-governmental, not-for-profit organic farming 

certification), Global Good Agricultural Practice (GlobalGAP) and other sustainability 

certification (Van Duijn et al., 2012). 

Compliance to certification with any private voluntary standard in agricultural commodities 

has low impacts on small-scale farmers’ welfare (Jena et al., 2012; Latynskiy & Berger, 2017). 

In addition, Some studies remain sceptical on whether compliance with FSS can improve the 

welfare of  poor farmers because of low demand for certified products, market access 

barriers, variability in yield and poor prices that may not compensate for the investment 

costs (see Jonell et al., 2013; Subervie & Vagneron, 2013; Valkila, 2009; Valkila & Nygren, 

2010).  

Adoption and implementation of FSS at farm household level is affected by the complexity 

and difficulty the FSS requirementsFood safety standards  are not fully implemented at the 

farm level in the fisheries industry due to factors such as local custom, affordability, physical 

conditions and farmers’ interpretation of the FSS (Hatanaka, 2014; van Veen, 2005). 

Consequently, the economic performance of smallholder farmers is constrained by low 

prices, marginal markets of global trade, and barriers to entry due to food safety issues. 

More than 90 percent of shrimp farmers in Indonesia are small-scale and are not eligible to 

apply private standards due to high costs involved. Therefore, public certification is an 

option for small-scale farmers that governments need to emphasize to enhance 

competitiveness of Indonesian fish products in global market. In Indonesia, small-scale 
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farmers in the aquaculture industry have implemented two free-of-charge standard and 

certification with different characteristics. First, the Indonesian Good Aquaculture Practices 

(IndoGAP) certification developed by the Indonesian government in 2007 and implemented 

formally since 2014. IndoGAP is developed by adopting some international standards and 

certification to be accepted by global market. In Second, the Organic Standard introduced by 

a multinational company in 2008 to enable small-scale farmers access to Japan market. The 

Global Good Aquaculture Practice (GlobalGAP) is a standard for farm production level; 

nevertheless, small-scale farmers need donor support to implement the GlobalGAP since it is 

a private standard (Bignebat & Vagneron, 2011). A comparison of the two standrads is 

presented in Table 1.1. 

 

Table 1.1. DIFFERENT ASPECTS OF STANDARD CERTIFICATION BETWEEN GLOBALGAP AND INDOGAP 

Aspects  
Certification 

GlobalGAP  IndoGAP 

1. Characteristics    

- Developer  Private - independent 

certification system  

(FoodPLUS GmbH) 

 Public  

(Indonesian Government) 

- Scope  To be implemented by global 

producers, Europe-wide 

accepted criteria for food 

safety, sustainable production 

methods 

 To be implemented by national 

producers, expected being 

Europe-wide accepted criteria 

for food safety, sustainable 

production methods 

- Scope(s) of production Crops, livestock, aquaculture  Aquaculture  

2. Standards  - Food Safety 
- Animal Welfare 
- Traceability 
- Workers’ Occupational Health 

& Safety 
- Veterinary Health Plan 
- Assessment on Social 

Practices 
- Quality Assurance 
- Water and Emissions 

Management 
- Biodiversity Management 
- Chain of Custody 

 - Biosecurity 
- Food safety 
- Environmentally friendly 
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Aspects  
Certification 

GlobalGAP  IndoGAP 

3. Products Have a unique 

GLOBALG.A.P.Number (GGN) 

 No labelling on 

products/packaging 

Source: FoodPLUS (2020a), FoodPlus (2020b), MMAF (2014) 

 

The IndoGAP certification follows the Guidelines for Aquaculture Certification (GAqC) from 

the FAO that meet minimum substantive criteria and certification principles. IndoGAP offers 

a basic eligibility certification, provides guidelines and procedures for fish farming, as well as 

a conformity assessment scheme that is independent, competent and reliable 

(Prihatmajanti, 2014). IndoGAP is now recognized by international markets, especially in EU 

even though the standards need to be improved to be accepted at global markets. EU 

inspectors examine the Indonesian aquaculture practice every two years.  

The adoption of the FSS requirements delivered four principles of IndoGAP in aquaculture 

practice according to the Minister Decree No. 2/2007: technical aspects, management 

aspects, food safety, and environmental aspects. Technical aspects emphasise the 

aquaculture location, i.e. location feasibility, water source, facilities, production processes, 

and biosecurity issues. Biosecurity concerns are important to minimise contaminating 

facilities and prevent the spread of disease from one zone to another (free zone). The 

location must be free of flooding, water sources must be tested to determine the presence 

of heavy metals or coliform bacteria. Also, aquaculture should be supported by proper 

facilities and safe inputs. The management aspects include the organisational structure, 

management, and data processing for documentation and records. The Standard Operating 

Procedure (SOP) or work instructions are guidelines for conducting best aquaculture 

practices, which includes a form on farming processes. Recorded data, such as feed 

purchasing, fishpond processing, mortality, feeding activities, and water quality testing, 

provide evidence of the effectiveness of IndoGAP implementation. The food safety aspect 

focuses on the requirements of input utilisation, such as the prohibition on using drugs, 

chemicals, and biological substances, including antibiotics that could lead to residues that 

harm human health. The environmental aspect concerns minimising the impacts of 

aquaculture practice on the environment.  
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Organic standards are geared towards encouraging extensive polyculture farming with low 

fish stocks density and no use of chemical, synthetic and antibiotics materials to ensure 

production sustainability (Biao, 2008). Organic standards were introduced in Indonesia by a 

multinational company and mainly target small-scale shrimp farmers in some areas. The 

standards were adopted from Naturland certification (see: Bergleiter et al, 2009; Naturland, 

2020). The multinational company promotes cooperating between shrimp processing plants 

and small-scale farmers to enhance ecosystem and carrying capacity, minimize food hazards, 

increase social awareness, and improve market access.  

Low safety and traceability of Indonesian fish products have been identified as critical 

challenges for improving market share. Although Indonesia is one of the largest fish and 

crustacean-producing countries, hygiene, and food safety in fisheries remains unsatisfactory 

(EU, 2010). Production is mostly by small-scale farmers and adoption of food safety 

standards is limited. Some cases of rejection and detainment have been experienced by the 

Indonesian shrimp industry (Muhdi, 2003; Rinto, 2011; Wahidah et al., 2012). The Ministry of 

Marine Affairs and Fisheries (MMAF, 2018) documented many rejection cases by partner 

countries for Indonesian fisheries products in the past decade (Table 1.2). Moreover, some 

fisheries products to be exported have been processed by the national quarantine bureau 

before being rejected, detained, or transferred to another market (Table 1.2). 

 

TABLE 1.2. THE NUMBER OF REJECTED INDONESIAN FISHERIES PRODUCTS BY PARTNER COUNTRIES (2009–

2018) 

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

China 12 – 2 – – – – 2 – 1 

Canada 6 1 – – 5 4 1 2 3 5 

Vietnam – – – – – – – – – – 

Russia 1 7 6 1 4 – 2 4 1 – 

South Korea 4 3 1 2 3 2 1 3 1 – 

Norway – – – – – – – – – – 

Italy 1 1 3 9 1 1 1 1 1 5 

Spain – 2 1 3 – 1 – 1 2 3 

France 1 2 2 1 1 1 2 2 3 1 

UK 1 3 – 1 – 1 2 – 2 – 
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Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Belgium – – – – 1 1 1 – – – 

Germany 3 2 – – 2 3 – 1 1 – 

Poland – – 1 – – – – – – – 

Netherland 1 1 – – – – – 2 1 – 

Sweden 1 – – – – – – – 1 – 

Slovenia 1 – – – – 1 – – – 2 

Portugal – – – – – – – – 1 1 

Greece – – – – – – – – 1 1 

Total 32 22 16 17 17 15 10 18 18 19 

Source: MMAF (2018) 

 

Due to the rejection cases in Table 1.3, it is important to analyse the governance structure to 

identify where the safety products become untraceable in the shrimp value chain. 

Governance structure or a vertical relationship between producer and buyer in the supply 

chain is needed to mediate and control the required FSS to ensure that safe products are 

traceable. The concept of governance is based on value chains being deliberately 

coordinated through the market exchange (Gereffi et al., 2005; Gibbon et al., 2008; Larsen, 

2014; Tacastacas, 2011). 

 

TABLE 1.3. THE NUMBER OF ACTIONS BY QUARANTINE ACT AND TRAFFIC TYPE FOR FISHERIES EXPORT 

PRODUCTS (2010–2016) 

Type of action 2010 2011 2012 2013 2014 2015 2016 

Detention 2 2 0 7 12 30 43 

Rejection 3 3 3 10 15 35 1 

Annihilation 1 1 – 2 1 0 3 

Transference – – – 4 – 1 10 

Specific cases – – – – – 1 2 

Total 6 6 3 23 28 67 59 

Source: MMAF (2018) 
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Furthermore, few studies have examined the market channels of shrimp produced by small-

scale farmers. Shrimp products are often sold into domestic and export markets, and the 

channels commonly used by small-scale farmers in Asian countries include collectors or 

middlemen (Florina et al., 2012; Ponte et al., 2014; Tran et al., 2013). Trifković (2016) 

examined the determinants of market channels for pangasius in Vietnam, and its impact on 

farm performance. However, Trifković (2016) did not include the FSS of market channels. 

Therefore, it is crucial to examine market channel selection, as shaped by the FSS and 

vertical coordination, and how the selection impacts farm performance. Examining the 

determinants of market channel participation by small-scale farmers will help to understand 

the decisions that influence farming practices to comply with FSS and eventually impact 

market access.  

In addition, investigating the determinants of seafood safety implementation by 

smallholders and its impacts on the performance and TE of small-scale farmers will identify 

important implications for food safety regulatory and enforcement strategies. Assessing 

these determinants and impacts will inform policy on what kinds of smallholder farmers can 

be targeted to enhance the competitiveness of seafood safety, especially the shrimp 

industry, because smallholders differ significantly from large businesses in terms of their 

financial, expertise, and staff recruitment capabilities.  

1.3. RESEARCH OBJECTIVES 

The objective of this research was to investigate the impact of implementing FSS on the 

welfare of smallholders in the fisheries sector in Indonesia 

The specific objectives of the research were to: 

1. Investigate the association between FSS and the forms of governance structure in 

the shrimp supply chain. 

2. Analyse the factors that influence the adoption of public certification, in this case 

the IndoGAP certification, on shrimp farming and its impact on farm performance. 

3. Analyse the determinants of market channel selection by small-scale shrimp 

farmers where food safety standards are involved and its impact on farm 

performance (shrimp yield, total revenue, variable costs, and net profit). 
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4. Investigate whether there are any differences in technical efficiency between farms 

that adopt and implement the IndoGAP certification and those that do not, and 

what factors influence efficiency shrimp farming. 

 

1.4. CONCEPTUAL FRAMEWORK 

This thesis used the global value chain (GVC) framework to examine food safety standard FSS 

implementation in the shrimp industry. The implementation of FSSand certification requires 

collective action of every actor in the supply chain. Moreover, fish and fisheries products are 

among the most globally traded food commodities, and FSS and quality are stricter in global 

market than domestics markets. Bolwig et al. (2010) argued that the term GVC framework 

can be used to analyse a variety of value chain management strategies in the supply chains 

of developing countries that are integrated into global markets. Therefore, producer 

countries manage their fisheries industry and govern the fish value chain to fulfil the 

demand and standards of end-user markets.  

The implementation of food safety standard and certification involves vertical relationships 

due to the need of information and product flow. A governance structure is needed to avoid 

asymmetric information between producer and buyer, and the GVC framework provides the 

conceptual structure to examine governance issues that shape relationships between actors 

(Gereffi et al., 2005). The implementation of FSS may generate specific responsibilities to 

actors in the supply chain. Hazards and food safety threats may arise at every level in the 

supply chain, and safety measures may fail due to control flaws in traceability system on any 

level of the supply chain. Thus, the choice of governance structure is a crucial decision. We 

employ transaction cost economics (Williamson, 1979) to examine whether standard and 

certification may lead to a change in governance structure due to difference of transaction 

attributes. Banterle & Stranieri (2008) confirms that every traceability system has its own 

characteristics of transaction attributes, liability, and enforcement which influence the forms 

of vertical relationships of the supply chain. Hence, it is important to analyse the form of 

vertical coordination shaped by FSS implementation to promote its efficiency. 

The implementation of food safety standard and certification involves innovation that may 

change costs and profits of business. Focusing on the public FSS for small-scale farmers, 
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IndoGAP certification has been developed in response to proliferation of international 

standards (ASC, MSC, GlobalGAP) to increase access to global markets. Some public 

certification standards similar to IndoGAP have also been developed by other countries in 

the region (VietGAP, ThaiGAP, ChinaGAP). However, few studies have focus on what factors 

influence FSS implementation and its impacts to the performance of small-scale aquaculture. 

It is important to examine the determinants of the IndoGAP adoption in small-scale shrimp 

farming to understand what factors support or prevent adoption. Furthermore, it is 

necessary to evaluate whether IndoGAP certification may change production inputs and cost 

units which can eventually change production yields, revenue, profit and efficiency. Bush et 

al. (2019) stated that recent research on the aquaculture value chain has focused on 

improving value chain performance related to TE, productivity and profitability, as well as 

the environmental impact and social equity by technical and institutional innovation. Hence, 

it is important to examine farm performance as one of the nodes in the value chain.  
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FIGURE 1.1. THE RESEARCH FRAMEWORK OF FOOD SAFETY IMPLEMENTATION IN SHRIMP FARMING IN INDONESIA 

 

The implementation of FSS is important for small-scale farmers to access export markets 

(Blackman & Rivera, 2011; Henson & Jaffee, 2006). However, small-scale farmers are 

connected to global markets through a variation of governance structures, from spot market 
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to hierarchy relations. Market channel selection will ultimately impact the welfare of small-

scale farmers. Every vertical relation has different characteristics including transaction 

attributes, technology use, input requirements, processes and investments; hence, yields, 

costs, and profits may be shifted because of market selection. In addition, market channel 

selection is also influenced by factors embedded in farmers and their farm characteristics. 

Farmers have different household and farm characteristics, as well as other external factors 

that can influence the selection of market channel. Therefore, it is crucial to analyse the 

determinants and impacts of market channel selection shaped by FSS and the vertical 

relationship in the value chain.  

1.5. DATA 

This thesis is based on two different sets of data: semi-structured interviews from actors and 

stakeholders in the shrimp value chain and survey data from shrimp farmers. The research 

was carried out in Sidoarjo, East Java, one of the largest traditional shrimp farming areas in 

Indonesia. East Java is the third largest province of shrimp production area in Indonesia 

following West Nusa Tenggara and West Java, with a total shrimp production of 94,501.35 

tonnes in 2016 (MMAF, 2020). The Sidoarjo district was selected as it represents traditional 

shrimp farms in Indonesia (contributed almost 45 percent of East Java shrimp production 

with traditional aquaculture production), in that a high number of small-scale shrimp 

farmers have implemented IndoGAP as a public food safety certification in shrimp farming 

(Table 1.4 , Table  1.5 and Table 1.6). Moreover, Sidoarjo is surrounded by several fish 

processing plants as market channels for shrimp farmers (Table 1.7), more than any other 

district with a high number of IndoGAP farmers. The accessibility and avoidance of conflict 

area also influenced the selection of the research area to avoid unnecessary mishaps. Some 

relevant stakeholders were also interviewed in the capital city of Indonesia (Jakarta) to 

enrich the qualitative data of fisheries certification.  
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TABLE 1.4. AQUACULTURE PRODUCTION BASED ON TYPE OF AQUACULTURE TECHNOLOGY BY REGENCY/CITY IN 

EAST JAVA PROVINCE, 2017 

No 
Regency/  

City 
Intensive pond Traditional Pond Semi-intensive pond Total 

Tonnes % Tonnes % Tonnes % Tonnes % 

 Regency         

1 Pacitan - - 270 0.16 59 0.06 329 0.11 

2 Ponorogo - - - - - - - - 

3 Trenggalek - - - - - - - - 

4 Tulungagung 144 0.61 - - 134 0.14 278 0.10 

5 Blitar 460 1.95 - - - - 460 0.16 

6 Kediri - - - - - - - - 

7 Malang 2,193 9.29 - - - - 2,193 0.76 

8 Lumajang 714 3.03 2 0.00 86 0.09 802 0.28 

9 Jember 108 0.46 1,246 0.74 - - 1,354 0.47 

10 Banyuwangi 1,668 7.07 3,417 2.02 - - 5,085 1.76 

11 Bondowoso - -  - - - - - 

12 Situbondo 8,005 33.93  - - - 8,005 2.78 

13 Probolinggo 9,488 40.21  - - - 9,488 3.29 

14 Pasuruan - - 12,955 7.66 - - 12,955 4.50 

15 Sidoarjo - - 75,720 44.76 - - 75,720 26.27 

16 Mojokerto - -  - - - - - 

17 Jombang - -  - - - - - 

18 Nganjuk - -  - - - - - 

19 Madiun - -  - - - - - 

20 Magetan - -  - - - - - 

21 Ngawi - -  - - - - - 

22 Bojonegoro - -  - - - - - 

23 Tuban 815 3.45 8,356 4.94 1,019 1.07 10,190 3.54 

24 Lamongan - - 3,906 2.31 - - 3,906 1.36 

25 Gresik - - 53,844 31.83 - - 53,844 18.68 

26 Bangkalan - -  - 4,360 4.57 4,360 1.51 

27 Sampang 
 - 662 0.39 - - 662 0.23 

28 Pamekasan 
 - 705 0.42 - - 705 0.24 

29 Sumenep 
 -  - 89,579 93.85 89,579 31.08 

 Cities  
        

30 Kediri 
 - - - - - - - 

31 Blitar 
 - - - - - - - 

32 Malang 
 - - - - - - - 

33 Probolinggo 
 - - - 211 0.22 211 0.07 

34 Pasuruan 
 - 1,274 0.75 - - 1,274 0.44 

35 Mojokerto 
 - - - - - - - 

36 Madiun 
 - - - - - - - 

37 Surabaya 
 - 6,799 4.02 - - 6,799 2.36 

38 Batu 
 - - - - - - - 

 Total 23,595 100.00 169,156 100.00 95,448 100.00 288,199 100.0 

Source: BPS (2017) 
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TABLE 1.5. THE NUMBER OF FISH FARMERS AND SHRIMP FARMERS WITH INDOGAP CERTIFICATION BY PROVINCE 

IN INDONESIA. 

Province 
Year of certification 

Total 
2014 2015 2016 2017 2018 

Aceh 0 3 325 183 0 511 

Bali 0 1 47 0 0 48 

Banten 0 26 129 10 29 194 

Bengkulu 0 5 27 0 1 33 

DI Yogyakarta 2 3 106 145 12 268 

DKI Jakarta 1 14 4 21 0 40 

Gorontalo 0 5 23 0 0 28 

Jambi 0 10 0 0 0 10 

West Java 7 135 287 126 4 559 

Central Java  4 12 192 76 9 293 

East Java 2 89 395 187 23 696 

West Kalimantan  0 0 33 48 0 81 

South Kalimantan  0 0 166 78 0 244 

Central Kalimantan  0 0 76 0 0 76 

East Kalimantan  0 1 15 122 176 314 

North Kalimantan  0 17 28 0 0 45 

Bangka Belitung 0 0 25 0 0 25 

Riau Islands 0 8 38 35 0 81 

Lampung 3 33 111 1 6 154 

Maluku 1 52 46 10 0 109 

North Maluku  0 12 0 20 0 32 

West Nusa Tenggara  2 48 101 24 5 180 

East Nusa Tenggara  0 72 61 0 0 133 

Papua 0 23 0 0 0 23 

West Papua  0 31 17 0 0 48 

Riau 0 43 274 107 5 429 

West Sulawesi  0 7 262 0 0 269 

South Sulawesi  0 54 139 26 0 219 

Central Sulawesi  0 38 298 46 0 382 

South East Sulawesi  0 0 347 0 0 347 

North Sulawesi  0 6 59 0 0 65 

West Sumatera  0 1 220 0 78 299 

South Sumatera  0 87 201 0 0 288 

North Sumatera  2 9 114 16 4 145 

Total 24 845 4,166 1,281 352 6,668 
Source: MMAF (2018)  
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TABLE 1.6. THE NUMBER OF SHRIMP FARMERS WITH INDOGAP CERTIFICATION BY DISTRICT IN PROVINCES WITH A 

HIGH NUMBER OF INDOGAP FARMERS  

Province/Districts 
Year total  

(2015-2017) 2015 2016 2017 

Province Aceh     
1. Pidie Jaya 51 25 15  91 
2. Bireuen 46 21 14 81 
3. North Aceh  45 46 25 116 

Province East Java     
1. Sidoarjo  45 13 8 66 
2. Lamongan 44 37 21 102 
3. Banyuwangi 38 27 15 80 

Province Lampung     
1. Tulang Bawang 106 37 1 144 
2. South Lampung  43 11 - 54 
3. East Lampung  34 21 - 55 

Province South Sulawesi     
1. Pinrang 96 71 14 181 
2. Bulukumba 55 3 3 61 
3. Pangkep 42 9 3 54 

Source: MMAF (2018)  

 

TABLE 1.7. THE NUMBER OF SHRIMP PROCESSING PLANTS WITH PROCESSING ELIGIBILITY CERTIFICATION1 BY 

PROVINCE IN INDONESIA 

Province 
Number of 
processing 

plants 

 
Province 

Number of 
processing 

plants 

1. Banten 6  13. North Kalimantan  12 
2. Bengkulu 1  14. Bangka Belitung Islands 1 
3. DKI Jakarta 27  15. Lampung 13 
4. Gorontalo 1  16. Maluku 3 
5. Jambi 2  17. East Nusa Tenggara  6 
6. West Java  12  18. Papua 1 
7. Central Java  9  19. West Papua  8 
8. East Java  67  20. South Sulawesi  26 
9. West Kalimantan  1  21. Southeast Sulawesi  1 
10. South Kalimantan  10  22. West Sumatera  1 
11. Central Kalimantan  1  23. South Sumatera  2 
12. East Kalimantan  5  24. North Sumatera  11 

 Total    227 
Source: Directorate General of Fisheries Processing and Marketing, MMAF (2015) 

 

 

1 In Indonesia, the certification called SKP (Sertifikat Kelayakan Pengolahan) 
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The research began by preparing interview guides and administrative documents. The 

instruments were approved by the Human Ethics office of The University of Western 

Australia (UWA) reference number RA/4/1/8173. Since the author is an employee of the 

Ministry of Marine Affairs and Fisheries (MMAF), the research was conducted under the 

research authorisation provided by MMAF office in Jakarta. When the author conducted 

survey, research ethics were not requested by Indonesia government to carry out research 

for further education needed. This survey was jointly funded by UWA and Australia Award 

Scholarship in 2016–2017. A detailed description of the data and relevant methodology are 

provided in each of the empirical chapters. 

The data in this research was both qualitative and quantitative. For Chapter 2, I use 

qualitative data from in-depth interviews of 34 stakeholders and quantitative data from 

survey with 131 shrimp farmers. For chapter 3 and 4, a total of 230 shrimp farms were 

interviewed using a structured questionnaire. I consider two different groups of shrimp 

farmers: IndoGAP and non-IndoGAP farmers in Sidoarjo District, East Java. Ninety seven 

percent of the IndoGAP samples (64 out of 66 shrimp farms with IndoGAP certification-Table 

1.8) wereicked from the lists provided by the State Office of Marine and Fisheries in Sidoarjo 

due to low number of certified farms. Random sampling procedure was used to select 166 

uncertified shrimp farms (11 percent of total shrimp farms in Sidoarjo). The sampling 

proportion is adjusted to the total number of shrimp farmers in 8 subdistricts that produce 

shrimp (Buduran, Candi, Jabon, Sedati, Sidoarjo, Porong, Tanggulangin, Waru) as depicted in 

Table 1.8. The samples are reduced to 53 certified farms and 129 uncertified farms 

(conventional farms) to improve efficiency of estimation. In Chapter 5, I omitted 2 samples 

due to bias on artificial feed used; hence, the number of uncertified farms is reduced to 127 

shrimp farms.  
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TABLE 1.8. THE NUMBER OF SAMPLES OF EVERY SUBDISTRICTS  FISH FARMERS AND SHRIMP FARMERS WITH 

INDOGAP CERTIFICATION BY PROVINCE IN INDONESIA. 

Number Subdistricts Total farms* 
Number of samples 

(farms)  
Percentage (%) 

1 Waru 219 25 11.42 

2 Sedati 329 47 14.29 

3 Buduran 207 10 4.83 

4 Sidoarjo 136 24 17.65 

5 Candi 117 30 25.64 

6 Tanggul Angin 175 17 9.71 

7 Porong 16 6 37.50 

8 Jabon 502 23 4.58 

 Total  1701 182 10.70 

Notes: *Source: BPS (2020).  

 

1.6. ORIGINALITY AND SCHOLARSHIP CONTRIBUTION 

This section provides a brief description of the research issue in each chapter and the 

contribution to the existing body of knowledge. This research will be an important source of 

information for policymakers by offering guidance for future fisheries development policies 

that aim to improve fisheries product competitiveness in global markets and to increase the 

welfare of smallholder aquaculture. 

Chapter 2 examines the alignment between FSS and the governance structure of the shrimp 

value chain using a transaction cost economics framework. Two different types of FSS that 

shape the governance structure of the shrimp value chain in Indonesia are compared. 

Transaction attributes that emerged in the vertical coordination of the shrimp supply chain, 

shaped by public and private FSS, are compared and any inefficiencies are described. Most 

research on governance structure in the fisheries sector has used a governance structure 

framework to describe the vertical coordination between actors in the value chain.  

Studies investigating the impact of FSS implementation have been primarily concerned with 

private standard implementation at the producer level, such as Organic Standards. While it is 

important to measure the impact of private standards, they generally have undesirable high 
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costs and complex requirements that impede adoption. Hence, the development of public 

certification can be a viable option for small-scale farmers as its implementation is usually 

free.  

Chapter 3 contributes to this limitation in the literature by applying models that measure 

determinants and impacts of public certification on farm performance, and counterfactual 

impacts of the certification on farm performance. To the best of our knowledge, this thesis is 

the first to examine the effect of public certification on small-scale shrimp farmers, where 

selection bias due to observable and unobservable factors is controlled for. Previous studies 

evaluating the impact of public certification have failed to eliminate bias arising from 

unobservable differences between adopters and non-adopters of public certification.  

Chapter 4 investigates the choice of market channels by shrimp farmers and quantitatively 

analyses the impact of market channel selection on farm performance (shrimp yield, total 

revenue, variable costs, and net profit) while controlling for food safety standards. Market 

channels can be shaped by FSS and the vertical relationship between actors in the chain. 

Also, market channel selection is influenced by factors embedded in farmer characteristics, 

which eventually impact the performance of shrimp farmers. This chapter contributes to the 

limited studies on the impact of vertical coordination and FSS implementation on shaping 

market channels, especially in the shrimp value chain.  

Chapter 5 analysed the impact of IndoGAP adoption on technical efficiency; two measures of 

TE are presented: (1) the Slack-based technical efficiency (TE) measures which generates 

input-use excess and (2) the bias-corrected TE measures generated using the bootstrap DEA 

model. The latter measures are used to estimate the counterfactual impacts of IndoGAP 

adoption on TE scores using the endogenous switching regression model. The most 

important contribution of this chapter is the identification of significant differences in TE 

scores between IndoGAP farms and non-IndoGAP farm that can be explained by excess input 

slacks in IndoGAP farms. Previous studies on productivity and efficiency of fisheries farms 

have used stochastic frontier analysis (SFA) and DEA models; however, those studies only 

estimate the TE of shrimp farms without considering the impact and counterfactual effects 

of FSS on TE scores.  
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1.7. OUTLINE OF THE THESIS 

This thesis comprises six chapters. Chapter 1 provides an overview of the thesis, the problem 

statement, and the research questions to be addressed. Chapters 2 to 5 present a series of 

scientific papers that are ready to be submitted for publication in scientific journals. Each 

empirical chapter comprises an introduction, data description, methodology, results, and 

discussion, followed by a conclusion. These chapters can be taken as part of the whole thesis 

or as independent research papers. As the papers are closely connected, there is some 

repetition, especially in the description of data and parts of the methodology. Chapter 6 

synthesises the results and sets out further research directions.  
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CHAPTER TWO 

 ALIGNMENT BETWEEN GOVERNANCE STRUCTURES AND FOOD SAFETY 

STANDARDS IN THE SHRIMP SUPPLY CHAIN IN INDONESIA 

ABSTRACT 

The safety of fisheries products in the global market is essential to reduce foodborne illness. 

Aquaculture products may contain potential health hazards originating from the process of 

farming, distribution, and marketing. Tight vertical coordination between actors in the 

fisheries supply chain of producer countries is needed to meet food safety demands 

imposed by importing countries. However, inappropriate arrangements of vertical 

relationships for implementing food safety standards (FSS) along the supply chain can result 

in high transaction costs and implementation issues. This study analysed governance 

structures in the shrimp supply chain in Indonesia where food safety standards (FSS) are 

implemented. Two systems of FSS, involving small-scale farmers, were examined: the public 

food safety management systems (FSMS) and the private FSMS. We found that public FSMS 

are implemented in a governance structure with high investment costs, uncertainty, and 

traceability issue, and performance ambiguity, whereas private FSMS are implemented in a 

governance structure with low uncertainty and traceability issues, but high asset specificity 

and performance ambiguity. If public FSMS are crucial for improving the safety of fisheries 

products, then the requirements of public FSS need to be simple, low cost and consider local 

traditions. The government may require processing plants to source their supplies from 

certified shrimp supplies as a precondition to HACCP certification. Finally, adopting and 

applying organic contract farming on small-scale farms is a strategy to be considered.   

Keywords: governance structure, food safety standards, shrimp, supply chain 

2.1. INTRODUCTION 

Food safety standards (FSS) and certification are systems set to ensure safe food. The Food & 

Agriculture Organization (FAO) and World Health Organization (WHO) set the Codex 

Alimentarius standards, and the European Union (EU) developed The General Food Law to 

protect consumers (FAO, 2003). These developments have stimulated some regional and 
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international organisations to develop safety standards to actively protect consumers. Public 

and private standards have been used for different purposes. Public standards, set as 

government regulations, require minimum prerequisites for quality and food safety of final 

products to enter markets (Hammoudi et al., 2009), while private standards, set by third 

parties, complement the insufficient public standards for entering particular markets for 

products that comply with stringent safety standards (Henson & Reardon, 2005).  

Coordination between actors in the supply chain is needed in implementing FSS to ensure 

traceability of safe food. Delivering safety products to end-users needs coordinated actions 

among actors in the supply chain, in addition to internal-firm efforts, because products need 

to be traced from raw material to final product. Collective action is necessary to meet 

consumer preferences for health and safety and to prevent any potential decline in demand 

(Hammoudi et al., 2009). Value creations need to be aligned with specific governance forms 

to minimize transaction costs and maximize value for each party in the supply chain (Ghosh 

& John, 1999). Misalignment between the food safety management system (FSMS) and 

governance structures can result in unsafe final products and untraceable supplies. Raynaud 

et al. (2005) argued that poor coordination may lead to the free-riding problem, self-interest 

behaviour, and high variability in product quality: an efficient vertical relationship may 

overcome these problems.  

Different transaction attributes can emerge in the coordination of FSMS, especially in supply 

chains involving smallholder producers in developing countries. When FSS is implemented, 

mutual dependency between any two parties can arise due to the specific investments and 

information flow (Banterle & Stranieri, 2013). Vertical coordination may involve transaction 

agreements that are either formal or informal (Gereffi et al., 2005). Thus, choosing the 

appropriate coordination mechanism is important for overcoming coordination challenges, 

such as information asymmetry and opportunistic behaviour (Furesi et al., 2006; Giraud-

Heraud et al., 2008; Martino & Perugini, 2006; Trifković, 2014a).  

Shrimp farming makes a compelling case for examining the interaction between FSS 

implementation and vertical coordination of the fisheries supply chain. As a high-value 

product, the global trade of shrimp has increased, with a total export trade worth of over 

US$ 24.6 billion in 2017 (FAO, 2020). Shrimp farming practices may have potential hazards 

that can have an adverse health effect on humans. Food safety problems in shrimp ponds 
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are caused by environmental degradation, as a result of human waste contamination and 

redundant feed from aquaculture activity, leading to uncontrolled growth of bacteria and 

virus such as E. coli, Salmonella, S. aureus, Vibrio and Pseudomonas (Edward, 1992; Sapkota 

et al., 2008). This is exacerbated using antibiotics in shrimp health management, which 

threatens human health (Primavera et al., 1993; Rico et al., 2012, 2013). Therefore, stringent 

FSS in shrimp farming production are required for accessing global markets through trade.  

In recent years, empirical studies have explored how FSS compliance shapes vertical 

relationships in the global value chain, especially in the fisheries sector (see among others: 

Islam, 2008; Jespersen et al., 2014; Ponte et al., 2014; Tran et al., 2013; Trifković, 2014b). 

Nevertheless, limited studies have been done on linking the vertical coordination and 

various types of FSS implementation in the fisheries sector, especially in the shrimp supply 

chain, by examining the emerged transaction attributes. Transaction attributes may appear 

when quality standards are linked with the market organisation (Martinez & Zering, 2004). 

Thus, transaction attributes could be important determinants of vertical relationships 

shaped by FSS implementation involving smallholders in the supply chain.  

Following the transaction cost economics framework (developed by Williamson, 1979, 

1991), we analysed the types of FSS implemented in the shrimp supply chain in Indonesia 

and examined the transaction attributes that emerged. This comes from the view that 

aligning FSS and vertical coordination is essential for avoiding food safety hazards and 

enhancing the efficiency of the supply chain. More specifically, by examining two types of 

FSS (public and private FSS), this chapter analysed what governance structures are formed 

and what problems arise due to the transaction attributes that emerged. For several years, 

the Indonesian fisheries sector has faced rejection of its fisheries products in global markets 

due to safety concerns (Anders & Westra, 2012; MMAF, 2016a). Therefore, an efficient 

mechanism for enhancing food safety is needed by aligning the FSS and governance 

structure. 

This chapter contributes to the literature on the governance structure of the fisheries supply 

chain shaped by FSS implementation in two ways: (1) by assessing the governance structure 

of the shrimp supply chain shaped by different FSMS  in Indonesia, and (2) identifying 

transaction attributes in the vertical coordination of the shrimp supply chain shaped by 
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public and private FSMS and what makes these transactions inefficient. This study helps to 

overcome the challenges of FSS governance for some global seafood products. 

2.2. FOOD SAFETY STANDARDS AND VERTICAL COORDINATION 

Food safety standards can be characterised as either private or public (Henson, 2008; Hobbs, 

2010). In the context of the food safety system, for example, Henson and Caswell (1999) 

describe public standards as government regulations to impose minimum criteria on product 

safety while private standards are usually delivered as certification to control the safety 

system. Private standards are developed when public standards are inadequate to meet the  

desired safety  level (Washington & Ababouch, 2011). However, many scientists have shown 

that private standards can have undesirable effects in developing countries, where most 

small-scale producers are engaged (Gulbrandsen, 2005; Jonell et al., 2013; Leepaisomboon 

et al., 2009; Marschke & Wilkings, 2014; Pérez-Ramírez et al., 2012). Some developing 

countries have promoted voluntary public certification by adopting public and private 

international standards and adjusting the certification to suit small-scale production 

(Bagumire et al., 2009; Kamaruddin & Baharuddin, 2015; Trienekens & Zuurbier, 2008). In 

the fisheries context, for example, Mariojouls and Wessells (2002) define ‘Label Rouge’ as a 

public certification adopted by the aquaculture industry in France, even though a third-party 

organisation was appointed to control the certification process. In addition, Marschke and 

Wilkings (2014) describe VietGAP as national guidelines for aquaculture practices in 

Vietnam, which exempts the certification fee.  

This distinction of the control system and regulation in the FSS is based on the observation 

that safety food can be characterised by different control forms: processing control (or 

integrated design), performance control (or product), and combination of process and 

product performance (Antle, 1999). Public standards are used to set the minimum FFS while 

private standards are generally set to regulate how the products are generated to ensure 

transparency in the production processes and traceability of products (Henson & Humphrey, 

2010; Washington & Ababouch, 2011). Despite the complex requirements, private standards 

are usually voluntary for entering a market and gaining a premium price (Gereffi & Lee, 

2009; Segerson, 1998).  



CHAPTER 2. ALIGNMENT BETWEEN GOVERNANCE STRUCTURES AND FOOD SAFETY STANDARDS 

 PAGE | 29 

These broader characteristics of FSS can be considered as driven by buyer demand for safe 

food in global markets. The emergence of FSS is often characterised as market-driven 

(Jespersen et al., 2014; Ponte et al., 2014; Tran et al., 2013) or twin driven (Islam, 2008) in 

the global value chain. In the context of the value chain, for example, Gereffi (1994) notes 

that global production is increasingly controlled by lead actors, whether it is ‘producer-

driven’ or ‘buyer-driven’. Thus, the emergence of FSS is inseparable from the global value 

chain (GVC) framework that provides the conceptual structure for examining vertical 

relationship issues that shape the relationship between actors in the chain (Gereffi et al., 

2005). 

In recent years, there has been an increased perception that FSS needs to be aligned with 

the vertical coordination in the supply chain (Martínez & Zering, 2004; Raynaud et al., 2005; 

Wever et al., 2010). Poor vertical coordination in implementing standards may result in high 

transaction costs that could lead to low-quality products, food safety fraud, and 

inefficiencies (Ghosh & John, 1999). In the context of aquaculture studies, for example, Tran 

et al. (2013) show that the fragmented governance of the shrimp value chain in Vietnam 

created problems of mixing products with and without antibiotics. Therefore, our study of 

FSS implementation in the fisheries supply chain reinforces the view that aligning FSS types 

and governance structures are crucial for enhancing safe food and generating efficient FSS 

implementation. As Wever et al. (2010) pointed out, in the case of quality management in 

the pork supply chain, it is important to recognise that efficient coordination depends on 

aligning specific characteristics of FSS with a suitable form of governance structure. Gereffi 

et al. (2005) and Peterson et al. (2001) developed a more nuanced vertical relationship, 

drawing on ‘make or buy’ strategies, to portray the level of information about product and 

process, the flow of the information in the supply chain, and the capabilities of the actors. 

The forms of governance structure have shifted modestly, from spot markets to hierarchical 

forms of coordination. 

Scholars define spot markets as mainly driven by price, with the transactions carried out 

immediately in a marketplace or auction (Peterson et al., 2001; Ponte & Sturgeon, 2014). 

The market form is usually depicted as direct trading, where transactions involve a 

bargaining process between parties to determine prices, limited involvement of buyers in 
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characterising the products, and unrelated parties on each transaction (Gereffi et al., 2005; 

Peterson et al., 2001; Williamson, 1991).  

In the market form, some scholars define various intermediate forms of vertical coordination 

before a tight relationship is formed. Gereffi et al. (2005) distinguished between modular, 

relational and captive relationships to depict different hybrid relationships, where 

information transmission level, product complexity, and information category shift 

smoothly. The modular relationship is for supplying standardised products for diverse uses, 

based on buyer requests by highly competent suppliers; thus, the coordination is explicitly 

low. The relational relationship is for making complex products with mutual dependency and 

trust, and usually based on spatial proximity, family or ethnic ties. The captive relationship is 

for providing complex products where the capabilities of suppliers are low; thus, 

intervention and control are applied by lead firms over lock-in transactions. Raynaud et al. 

(2005) distinguished four relationships between spot markets and vertical integration, based 

on Williamson's (1991) and Ménard's (2004) ideas on a hybrid organisation: (1) an implicit 

contract is a relationship built around an unwritten agreement and tied by social 

relationships, (2) an approved partner contract is a mutual relationship constructed by 

selecting an eligible certified partner, (3) a formal contract is a written contract for a set 

period, and (4) an equity-based contract is a shareholder relationship between a stockholder 

and its partner but is legally independent of each other. The equity-based contract has the 

most intense relationship. Some scholars call it vertical integration (Peterson et al., 2001; 

Raynaud et al., 2005) or hierarchy (Gereffi et al., 2005; Ménard, 2004; Williamson, 1991). 

This form of governance is not a relationship between suppliers and their buyers, but more 

about two parties becoming a single firm. Thus, the firm provides the supplies to secure 

limited materials and safety of products. The firm takes control due to product complexity, 

efficiency in knowledge sharing, and resource control for intellectual rights (Peterson et al., 

2001). 

This chapter compares two types of FSS—public and private standards—that are 

implemented in the shrimp supply chain in Indonesia, where the forms of governance 

structure are distinct. We refer to the emergence of transaction attributes where the 

governance structure of public FSS and certification are implemented, and the governance 

structure of private standards is adopted. Framing transaction attributes as vertical 
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relationship characterisation for value maximisation allows us to investigate how the vertical 

coordination mechanism relates to FSS implementation in the supply chain. Ghosh and John 

(1999); and Williamson (1979) describe three transaction attributes that shape these 

transactions: 

(1) Asset specificity 

Asset specificity refers to a specific investment assigned to a transaction where, to some 

extent, the asset cannot be assigned to another task and different users without 

disregarding the main role (Williamson, 1991). There are six categories of asset specificity: 

site-specificity (specific location), physical asset specificity (specific component), human-

asset specificity, brand name capital, dedicated assets (investment made by order of a 

specific customer), and temporal assets (investment by time response and on-site human 

resource). Specific investments are ‘valuable but vulnerable’ so that the assets need to be 

secured, i.e. by selecting appropriate vertical coordination to prevent opportunistic 

behaviour and maximise mutual value (Ghosh & John, 1999, p. 134; Ménard, 2004). 

(2) Coordination and adaptation problems 

Coordination and adaptation problems refer to difficulties on coordinating and adapting of 

FSS implemented in the supply chain. In supply chain coordination, adaptation involves two 

parties or more to response standard changes due to FSS implementation. Martinez & Zering 

(2004) argue that the more intense the relationship between two parties in the supply chain, 

e.g. vertical integration instead of market relationship, responses to uncertainty is easily 

adapted.  

(3) Performance measurement problems  

Performance measurement problems refer to the extent of a party’s efforts to improve 

production values that have been overlooked or unidentified in the transaction (Ghosh & 

John, 1999). Ghosh and John (1999) mention two types of problems: misleading procedure 

and missing procedure (i.e. controlling and monitoring, enforcement, and termination). A 

more hierarchical governance structure alleviates these problems through incentives, 

monitoring, and internal cost management (Spiller & Zelner, 1997). 
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2.3. METHODOLOGY 

2.3.1. STUDY SITE 

Sidoarjo city, East Java, was selected as a suitable area for the study. Sidoarjo has a high 

number of small-scale shrimp farmers that have been implementing both public and private 

FSS and certification. Also, with 19,006 hectares and being only 0-3 meters above sea level in 

the eastern region, the brackish-water area covers almost 30 percent of the total territory 

area of Sidoarjo. Moreover, Sidoarjo is close to a capital city where the fisheries processing 

plants operate. According to the Ministry of Marine Affairs and Fisheries (MMAF, 2016), 

there were 4,145 fish farmers in Sidoarjo in 2015, of which half were owners and half were 

operators. The shrimp farmers include 1,592 traditional farmers and 572 semi-intensive 

farmers, with 15,530 hectares of pond area (Sidoarjo Municipal Authority of Marine Affairs 

and Fisheries, 2016). There were 29 collectors and 16 wholesalers (big collectors) available 

to farmers in Sidoarjo and 60 fish-processing plants in East Java, including 15 units in 

Sidoarjo (MMAF, 2015).  

Two species of shrimp—black tiger shrimp (Penaeus monodon) and Pacific white shrimp or 

Vannamei (Litopenaeus vannamei)—were selected for this study. The target species are 

important in terms of aquaculture exports, with consistent growth in production volumes 

that has contributed to Indonesia becoming the second largest exporter of shrimp in the 

world.  

2.3.2. DATA COLLECTION 

Mixed methods involving surveys and in-depth interviews were used to collect data; 131 

shrimp farmers were interviewed using a questionnaire and 34 stakeholders were 

interviewed using semi-structured interview guides. The selection of key informants was 

based on their specific roles in the value chain and relied on snowball sampling. Certification 

experts at the government offices were also interviewed. A multinational company that has 

close contractual links with producers was included to capture variations in FSS 

implementation.  

The study was exploratory, as researchers interviewed key actors/stakeholders to gain their 

perspective on seafood safety implementation and their roles in the fisheries value chain. An 

interpretive research paradigm was used to advance knowledge by describing and 
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interpreting the forms of vertical relationships aligned with food safety implementation from 

the shared meaning of actors. The interpretive paradigm is an interactive study between 

researcher and human subjects to understand their values, beliefs, and meanings of social 

phenomena, and examine how objective realities are produced because people can differ in 

their understanding of what is real depending on their perceptions of the world (Mugera, 

2004; 38–39). The research began by preparing the interview guides and administrative 

documents. The instruments were approved by the Human Ethics office of The University of 

Western Australia, while the study was conducted under the research authorisation 

provided to the Ministry of Marine Affairs and Fisheries (MMAF) in Jakarta. In May 2016, an 

initial visit to the head office of MMAF in Jakarta was undertaken to meet an official to 

identify a potential area as a centre of shrimp production and listed experts and 

stakeholders who understood and authorise FSS in the fisheries sectors. Afterward, semi-

structured interviews were conducted with nine potential respondents at the ministry in 

Jakarta. The authority officials and experts were interviewed for their knowledge of the 

shrimp industry, food safety development in fisheries, their roles in implementing food 

safety, and the laws and regulations related to shrimp and food safety.  

In June 2016, initial field visits were made with the head of Sidoarjo Municipal Authority of 

Marine Affairs and Fisheries to become acquainted with the local area and meet the 

fisheries extension officers who understand the sites, community leaders, farmers, NGOs, 

and fish-processing plants. Working through such authorities is necessary while researching 

in Indonesia. Once the working relationships were established, the fisheries extension 

officers were asked to list all the farmers and identify potential farmers and stakeholders to 

be interviewed. Potential farmers that were willing to participate in the research were 

introduced to the author by an extension officer. Once the interview finished, the farmer 

was asked to identify other farmers and their buyers for other potential respondents; this 

approach is known as a snowball technique. Interviews were held with 21 actors (shrimp 

farmers, collectors, feed agents, processors and hatchery unit) and 13 stakeholders 

(governments, experts, NGO and extention officer) in Sidoarjo city, and the breakdown is 

presented in Table 2.1. The suppliers of the shrimp value chain were predominantly small-

scale producers, and most of the interviewees were male.  
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Those who were willing to be involved in the interviews signed consent forms for 

participation and were asked for their consent to record the interview. The interviews 

ranged from 40 to 90 minutes and were conducted in a conversational style to allow for 

comfort and trust-building between the interviewer and respondents. The recorded 

interviews were typed, paraphrased and translated from Bahasa Indonesia into English.  

 

TABLE 2.1. LIST OF STAKEHOLDERS INTERVIEWED FOR THIS STUDY. 

Occupation 
Number of 

interviewees 

Shrimp farmers 10 

Collectors 2 

Big collectors (wholesalers) 2 

Fish processing plant managers 4 

Hatchery company manager 1 

Feed company manager 1 

Central government officer on fisheries certification 5 

Shrimp experts, IndoGAP experts, Central government researchers 4 

Extension officer of local government 3 

Chief of Shrimp Association 1 

NGO 1 

Total number of interviewees 34 

 

The interview questions and study focused on:   

a) The shrimp value chain in the research area: the flow of shrimp products (type of 

products and market destination/geographic space), key players and their roles 

(governments, companies, farmers, associations, inspectors, NGOs), relationships 

between actors in the value chain, production and environmental conditions, 

interactions between actors at different nodes of the value chain, and challenges and 

how the actors have addressed them. 

b) Food safety standards implemented by the actors in the chain and their issues: types 

and structure of FSS applied in the shrimp industry (private and public standards, 

voluntary and mandatory standards, rules and regulations, contracts), information 

sharing in implementing FSS (food safety knowledge, market information, 

technology, price, credit, and investments), farmer’s knowledge and perceptions on 
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FSS implementation imposed by government and buyer requirements, the costs 

incurred and impact of implementing FSS, the roles of each actor, and the disputes 

arisen. 

Furthermore, to gain additional data and understanding, the primary researcher participated 

in two discussions arranged by the extension officers. The first discussion was held for 3 

hours with five farmers, and the second discussion was held for one hour with 15 

participants (farmers and staff of a multinational company). The first meeting was 

moderated by the primary author and focused on discussions about the relationship 

between farmers and their buyers, suppliers and among themselves, and the challenges 

around shrimp farming and FSS implementation. The second meeting was moderated by a 

processing plant manager and discussed the process of forming an organic farmer group. An 

established conventional farmer group was invited by the multinational company to join the 

meeting to discuss forming a group of organic farmers called ‘eco-shrimp’. The manager of 

the multinational company explained what it meant to be an organic supplier and how to 

implement the required standards set by the company. To be allied with the multinational 

company, the farmers must provide their certificates of pond ownership, inhabit Sidoarjo 

city, commit to following the requirements of the multinational company by signing a 

contract (Appendix 2A.4), and be able to attend training on organic farming held by the 

company. In return, the company would provide technical support (i.e. training, formatted 

documentation book, cool-boxes, certified nauplius) and incentives to farmers. The primary 

researcher also cross-checked the data gathered and the written report from the first 

fieldwork after discussions with ten extension officers.  

2.3.3. DATA ANALYSIS 

This study used a qualitative case study design to seek an in-depth understanding of the 

forms of governance structure and types of FSS, and examine the issues and attributes 

generated in linking the vertical relationship with FSS implementation in the supply chain. 

Case studies in agribusiness and market research are conducted to solve issues by studying 

applied and problem-solving research, discovering novel concepts and verifying current 

concepts (Bitsch, 2001; Sterns et al., 1998; Westgren & Zering, 1998). This study considered 

two different cases in the shrimp supply chain: a) governance structure of public FSMS, and 
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b) governance structure of private FSMS. These two cases represent the Indonesian shrimp 

industry, where small-scale farmers are involved in the supply chain.  

This chapter compares the relation between FSMS and GS based on Transaction-Cost 

Economic theory. The coding rules have been developed based on governance structure 

framework from Gereffi et al. (2005) and interviews with actors in the supply chain. Coding 

for coordination is arranged by in-depth understanding of the forms of governance structure 

and types of FSS, and examine the issues and attributes generated in linking the vertical 

relationship with FSS implementation in the supply chain. The coding rules are useful to 

manage the data easily. For example, market and captive relation in the supply chain can be 

clearly distinguished in the actual cases. The coding rules were managed using NVivo 11 

software.  

2.4. SHRIMP VALUE CHAIN IN INDONESIA 

Indonesia represents a compelling case for exploring the impacts of FSS on the shrimp value 

chain. The shrimp sector in Indonesia is relatively mature, despite being dominated by small-

scale producers. In 2017, more than a quarter-million of shrimp farmers were involved in the 

industry, with 61,802 processing plants; However, less than 5,000 farmers and 271 

processing plants were certified. Private companies take part in production, value-adding, 

and trading, with most having well-established links with the EU, the US, and Japanese 

markets.  

Indonesia has promoted aquaculture development to boost fisheries production and earn 

foreign currency, which it has accomplished through the Minapolitan2 and Industrialisation3 

programs. These programs have achieved tangible results with a significant increase in 

fisheries production. For example, shrimp production increased by 177 percent from 

415,000 tonnes in 2012 to 1.1 million tonnes in 2017 (MMAF, 2018). Only 13 percent of 

 

2 The Minapolitan program, based on Minister of Marine and Fisheries of the Republic of Indonesia Decree 
Number KEP.18/MEN/2011, is the concept of economic development of marine and fisheries with region 
based, built on the principles of integration, efficiency, quality and acceleration. 
3 The Industrialisation program of marine and fisheries, based Minister of Marine and Fisheries of the Republic 
of Indonesia Decree Number PER.27/MEN/2012, integrates the production system from upstream to 
downstream to increase the scale and quality of production, productivity, competitiveness, and value-
addedness of marine resources and sustainable fisheries. 
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shrimp production was distributed to global markets in 2018; nevertheless, more than 30 

percent of total shrimp values were generated from exports. 

 

 

FIGURE 2.1. THE SHRIMP SUPPLY CHAIN IN THE RESEARCH AREA 

 

The shrimp value chain consists of four function stages: 1) input supplies and services, 2) 

grower-out production, 3) shrimp collection, and 4) processing and export (Figure 2.1). In 

this section, we briefly describe each of these stages, the vertical coordination between 

stages, and FSS implementation by actors in the chain. 

a. Input supplies and services 

The input supply stage involves shrimp hatchery operators, feed agents, veterinary drug 

suppliers, farm equipment suppliers, and financial service providers. Shrimp hatchery units 

are commonly operated by small-scale hatchery units (households), private companies, and 

government agencies. Meanwhile, government agencies generally perform broodstock 

breeding. By 2014, there were 106 household-scale hatchery operators, 57 private hatchery 

companies, and 35 government hatchery agencies from central and local government. These 

hatcheries produced about 12 billion black tiger nauplius and 30 billion Vannamei nauplius 

(MMAF, 2016a). Black tiger broodstocks for hatcheries are caught from the sea, while Pacific 

white shrimp broodstocks are brought from broodstock producers in Hawaii, Taiwan, or 

China (van Duijn, 2012). 

Juvenile quality is one of the critical success factors of shrimp farming. However, only 

government hatchery agencies and private company hatcheries have been applying 
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standards and certification, including the Indonesian Good Hatchery Practices, Standard 

Operating Procedures (SOP), and Standard National Indonesia.  

b. Small-scale farmers 

Shrimp production is classified into three systems based on the type of technology in use 

and the shrimp commodity (MMAF, 2016a), as described in Table 2.2. Black tiger is usually 

farmed in the traditional system, whereas white shrimp (Vannamei) can be farmed in any of 

the methods. Semi-intensive and intensive aquaculture is practiced using artificial feed4, 

waterwheels and high-density nauplius stocking. The traditional practice usually has low 

operational costs due to the absence of artificial feed and high technology use (such as 

waterwheel).  

Shrimp produced by smallholders is marketed overseas, or in regional or domestic markets 

through several channels: 1) directly through processor plants to be sold to global markets; 

2) wholesalers (big collectors) to be sold to processor plants or regional markets, or 3) 

collectors to be sold to wholesalers, domestic markets or retailers. A processing plant can 

also be a distributor for local markets, depending on the market price and shrimp size 

preferences. Traditional farmers usually sell their products to small collectors, while semi-

intensive farmers sell it to wholesalers due to the high volume of production. Small 

collectors have a low capacity for businesses due to the lack of capital and human resources 

to collect a high volume of shrimp. 

There are two types of FSS implemented by small-scale shrimp farmers, the Organic 

Standards and the Indonesian Good Aquaculture Practices (IndoGAP). The Organic Standard 

was introduced by a multinational company to enable small-scale farmers to access to 

organic products for small-scale farmers, and IndoGAP was developed by the government to 

improve standards and competitiveness of small-scale products.  

c. Intermediaries 

Collectors play a crucial role in the shrimp industry. Producers need collectors to help market 

their products, due to their lack of market information and limited capital and transportation 

 

4 water-stable, pelleted dry feed which is manufactured by the animal-feed industry 
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to market points. The remoteness of shrimp farming areas, low productivity and lack of 

infrastructure have made it difficult for small-scale farmers to market shrimp to processing 

plants directly. Collectors play the intermediary role between farmers and processing plants. 

There are two types of collectors—small collectors and big collectors (wholesalers/ 

suppliers). Small collectors have a smaller capacity to trade shrimp volume than wholesalers 

due to limited cash. However, some small-scale farmers have a unique relationship with 

collectors who provide financial support to cover operational costs, such as harvesting and 

transport. In return for this service, farmers often sell their products to collectors at a price 

lower than the market price. As seen in Appendix 2A.1 about the matrix coding query 

between the vertical relationship and coordination variables5, 16 interviewees state that the 

relationship between farmers and collectors is bound by loan provision.  

 

5 The matrix is generated from analysis using NVivo11 
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TABLE 2.2. TYPE OF AQUACULTURE PERFORMED BY SHRIMP FARMERS IN INDONESIA 

Characteristics Units 
Aquaculture types 

Traditional Semi-intensive Intensive 

Pond size ha 0.5–2 1 (max) 0.5 

Water depth cm 80 80–100 100 (min) 

Aquaculture system      

- Polyculture yes/no yes no No 

- Monoculture yes/no yes  yes Yes 

Stocking density     

- Black tiger fingerlings/m2 <5 (monoculture) 

1 (polyculture) 

10–30 30–40  

 

- Vannamei fingerlings/m2 2–3 30–50 80–100 

Growing period days 120 120 60–120 

Artificial feed yes/no no yes Yes 

Technology    8 waterwheels/ha (black tiger) 

16 waterwheels/ha (Vannamei)  

- Impermeable soil or bottom 

coating (lining) pond 

- 28 waterwheels/ha 

Yield      

- Blacktiger kg/ha/cycle 100–300 600–3,000  5,000 

- Vannamei kg/ha/cycle 200–300 6,000–10,000 10,000–15,000 

Source: MMAF (2016b)  
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d. Processing and end buyers 

Interviews with stakeholders showed that shrimp processing plants mainly get their supply 

from wholesalers. In some cases, processing plants also own and operate shrimp farms. 

Shrimp farms use traditional techniques with low productivity. Each processing and export 

company works with around 20–30 collecting agents, depending on their processing 

capacity. The processors generally work with a capacity of about 200 tonnes a month. Each 

collecting agent distributes 20 tonnes at each delivery (Sidoarjo Municipal Authority of 

Marine Affairs and Fisheries, 2014).  

Most shrimp exporters are large and medium-sized companies. There were 68 shrimp 

processing companies approved by the EU market in 2010, with most located in East Java 

(Van Duijn et al., 2012) because the capital city, Surabaya, has an export harbour where 

containers can be shipped directly to destinations across the world. Van Duijn et al. (2012) 

also states that many shrimp exporters have joint-venture relationships with destined 

country companies, such as Japan and the US. Seven companies were certified by the 

Aquaculture Certification Council (ACC) for the US retail market with vertical integration 

coordination in 2010, two companies were certified by Naturland in 2010, and two were 

certified for GlobalGAP in 2011.  

Local markets and household retailers take part in the shrimp end-chain. Local markets are 

characterised as traditional places that are mingled with other agricultural commodities. 

They are usually owned by local authorities. Household retailers are characterised as people 

who sell shrimp door-to-door in the village. Both provide shrimp for domestic consumption. 

Shrimp is supplied from collectors. Due to the absence of FSS in the node, the shrimp is 

usually characterised as smaller and lower quality than the export market.  

2.5. GOVERNANCE STRUCTURE OF FSS IMPLEMENTATION IN SHRIMP FARMING IN 

INDONESIA 

This section examines the nexus between FSS applied by small-scale farmers and governance 

structures in the shrimp supply chain; both public and private FSMS are considered. The 

analysis is based on interviews with experts, stakeholders and actors, as well as an extensive 

review of reports, academic articles and government documents that were used in this 

analysis. Public and private FSS have been established in the fisheries sector, from upstream 
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to downstream, to enable producers to access the lucrative global market (Table 2.3). 

Standards are mandatory for the downstream nodes to export, whereas certification is still 

voluntary for small-scale farmers.  

The Indonesian government has been focusing on FSS for fisheries products through a 

program of Integrated Quality Management (IQM) of Fishery Products. The Ministry of 

Agriculture set the IQM regulations in 1998 before MMAF was formed. After the marine and 

fisheries sector was separated from agriculture in 2002, the safety of the fisheries products 

has received increasing attention. Various concerns led the MMAF to take the important 

step of governing FSS. In 2007, MMAF implemented a system of quality assurance and safety 

of fishery products for the whole chain of fish production by establishing regulations on 

fisheries quality assurance for production, processing, and distribution processes. 

 

TABLE 2.3. TYPES OF CERTIFICATION AT EVERY LEVEL OF ACTORS IN THE SHRIMP SUPPLY CHAIN  

Actor level in the 

chain 
Certification  

Certification 

scheme 

Nature of 

implementation 

Hatchery CPIB (IndoGHcP) Public Voluntary 

Fish farm CBIB (IndoGAP) Public Voluntary 

Organic Private Voluntary 

ASC, ACC, BAP Private Voluntary 

Processing Plant SKP (SSOP & GMP), HACCP, HC Public Mandatory 

BRC, Organic (Naturland), SQF, IFS Private Voluntary 

Notes: CPIB (Cara Pembenihan Ikan yang Baik); IndoGhCP (Indonesian Good Hatchery Practices); CBIB (Cara 
Budidaya Ikan yang Baik); IndoGAP (Indonesian Good Aquaculture Practice); ASC (Aquaculture Stewardship 
Council), ACC (Aquaculture Certification Council); BAP (Best Aquaculture Practice); SKP (Sertifikat Kelayakan 
Pengolahan—certificate of processing eligibility); SSOP (Standard Sanitation Operating Procedure/SSOP); GMP 
(Good Manufacturing Practices/GMP); HACCP (Hazard Analytical and Critical Control Point); HC (Health 
Certificate); BRC (British Retail Consortium); SQF (Safe Quality Food); IFS (International Featured Standard).  

 

IndoGAP certification is adopted from EurepGAP, Good Agricultural Practices (GAP) and ISO 

19011. IndoGAP focuses on environmental aspects and biosecurity to improve the 

competitiveness of aquaculture products (Prihatmajanti, 2014). IndoGAP was developed by 

MMAF in 2007 and was followed by the dissemination and training of the stakeholders. The 

Directorate General of Aquaculture, MMAF publishes the IndoGAP certification procedure 

and assesses and monitors its implementation (Figure 2.2). The IndoGAP guidelines 



CHAPTER 2. ALIGNMENT BETWEEN GOVERNANCE STRUCTURES AND FOOD SAFETY STANDARDS 

 PAGE | 43 

guarantee that the process of certification is practical and documented and is recognised by 

the stakeholders. About 1 percent of the 600,000 smallholder fish farmers are certified by 

IndoGAP (MMAF, 2016). 

 

 

FIGURE 2.2. PROCEDURES FOR INDOGAP CERTIFICATION (SOURCE: MMAF, 2014) 

 

Shrimp supply chains where public FSMS are implemented involve some nodes with 

different characteristics of actors in the chain: feed agents, hatchery, farms, intermediaries 

(collectors and wholesalers), and processing plants. Hhowever, private FSMS only involve 

two different actors in the chain: traditional shrimp farms (do not use artificial feed) and 

processing plant that control hatchery and end product processing. Public standards and 

certification are fragmented at every level in the supply chain, whereas private standards are 

integrated with chain-wide transactions. Therefore, the empirical analysis starts with a 

general overview of vertical coordination, where public and private standards and the 

certification implemented. The transaction attributes that emerge are then discussed to 

illustrate which governance structures disadvantage value maximisation, such as FSS 

implementation in the shrimp supply chain.  

In addition to public standards in the shrimp supply chain, the private sector has applied 

safety standards along the value chain, often with more stringent assessments than public 
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certification. Private standards are developed to enhance the level of food safety to increase 

consumer satisfaction (Corsin et al., 2007; Ryder et al., 2014; Washington & Ababouch, 

2011). Implementing private standards in the fisheries sector, i.e. Ecolabelling and Organic 

Standards, can improve the fisheries ecosystem and transparency of aquaculture practices 

and management (Bush et al., 2013; Nhu et al., 2016; Tlusty, 2012; Washington and 

Ababouch 2011, Xie et al., 2013). Due to the positive impact on the competitiveness of 

fisheries products, the government supports private standards through training activities so 

that fisheries units can comply with the standards.  

There are wide variations in the application of FSS in the shrimp industry due to different 

scales of operations. At the farm level, some large-scale aquaculture units have 

implemented private standards, including the Organic Standard, Aquaculture Stewardship 

Council (ASC), Best Aquaculture Practice (BAP), and ACC (Darmawan, 2014). For example, 64 

shrimp farm companies have had BAP certification in 2020 (BAP, 2020). Small-scale farmers 

in shrimp aquaculture are more likely to adopt and implement the Organic Standard. 

2.5.1. GOVERNANCE STRUCTURE OF PUBLIC FOOD SAFETY STANDARDS 

There are no specific public FSMS that covers the whole vertical chain in the shrimp industry. 

The types of public FSS and certification in the shrimp supply chain vary and enforcement of 

the standards differs for each node in the chain (Table 2.3). The Ministry of Marine Affairs 

and Fisheries (MMAF) set the FSS and certification for the sector. At the upstream level, 

MMAF developed the Indonesian Good Hatchery Practices (IndoGHcP) for broodstock and 

hatchery operators and IndoGAP for aquaculture practices, and the implementation of both 

certifications is voluntary for producers and hatchery units.  

Downstream of the chain, the government has been regulating the practices of processing 

plants. Processors are required to have Hazard Analytical and Critical Control Points (HACCP) 

certification to obtain a Health Certificate (HC) as an export license. A Certificate of 

Processing Unit Eligibility (Sertifikasi Kelayakan Pengolahan-SKP)—adopted from the 

Sanitation Standard Operating Procedure (SSOP) and Good Manufacturing Practices (GMP)—

is required for fish-processing plants, irrespective of whether the products are sold to 

domestic or export markets.  
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However, FSS and certification are absent at the intermediary level (see Figure 2.3). Quality 

and Safety Assurance System of fisheries products is a prevention and control system carried 

out at pre-production, production, distribution, and processing practices to produce safe and 

healthy products for human consumption (MMAF, 2019). Thus, Indonesia has developed the 

Indonesian Good Handling Practices (IndoGHP) to be implemented at intermediary level. 

IndoGHP is developed through adopting standards and terms from Sanitation Standard 

Operating Procedure (SSOP) and Good Manufacturing Practices (GMP). Since 2019, MMAF 

has been disseminating IndoGHP certification to the intermediaries. Food safety 

management system (FSMS) is a system to prevent and control food hazard that must be 

considered and carried out from pre-production, production, distribution and processing 

phases to ensure fisheries products are safe for human health (MMAF, 2019). It is important 

to have food safety standard and certification at intermediary level since handling and 

distribution is part of activities in shrimp supply chain. Intermediary roles are important in 

the supply chain since it is not efficient for the processing plants to collect products from the 

farm gate. 

At both upstream and downstream levels, monitoring of compliance with public FSS and 

certification is mostly undertaken by MMAF. Monitoring is carried out by interviews and 

auditing of records, documentation, facilities, and environment. MMAF can delegate the 

authority to audit farms to the regional government (MMAF, 2014). 

Following Gereffi et al.’s (2005) classification, the most common forms of governance 

structure in the shrimp value chain in Indonesia are market, relational and captive (see 

Figure 2.3). The relationship between farmers and feed agents is modular, relationship 

between farmers and instrument shops, and wholesalers and processing plants are 

characterised by the market form, while the relationship between farmers and collectors 

follows a relational and captive form (Figure 2.3). For the relationships between farmers and 

wholesalers, we found a market and captive relationships. The relationships between 

farmers and hatchery units and collectors and local markets take a relational form. 
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FIGURE 2.3. VERTICAL RELATIONSHIP OF PUBLIC FOOD SAFETY STANDARDS AND CERTIFICATION 

 

Relational coordination is found between shrimp farmers and nauplius suppliers (hatchery 

units). Relational form arises from mutual dependency, often based on trust and reputation. 

A good reputation drawn from another farmer’s experience leads a farmer to select a 
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nauplius is delivered within days (Appendix 2A.5). Payment is made after the nauplius is 

distributed. Tacit knowledge is exchanged between farmers and nauplius suppliers. Advice 

from nauplius suppliers is needed to decide what size nauplius the farmers need to buy. 

Water quality, pH and salinity are important variables when requesting a particular size of 

nauplius. Otherwise, nauplius suppliers would advise farmers to improve water conditions 

when they request a particular size of nauplius; hence, the mortality rate of shrimp can be 
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The modular form is dominant in the relationship between farmers and feed agent suppliers. 

Modular relationships arise from a standard of feed contents needed by the farmers.  

Farmers chose feed agents because of their preference for protein content and the price of 

artificial feed. Switching costs for changing partners is low. Farmers may buy artificial feed 

from different feed agents when they experienced a low rate of shrimp growth from the 

previous transaction. Market relationships are present between farmers and agents of 

production instruments. Market relationships are led by the price offered and the identity of 

partners is irrelevant. 

Small-scale farmers regularly sell all the shrimp to the nearest collectors or via wholesalers 

(big collectors). The choice between collectors and wholesalers is based on the fact that 

collectors cannot accept a high quantity of shrimp. Generally, semi-intensive farmers with 

high production yields chose wholesalers to market their products. relational and captive 

coordination are common in the relationship between farmers and collectors. Relational 

form is led by proximity of collector place to shrimp farms. It is easily for farmers to sell to 

the closest buyer to limit distribution costs. Trust between farmers and collectors is also the 

main drive of relational form because the collectors are usually farmers’ neighbour. Captive 

coordination between farmers and collector is mainly driven by the one-way dependency of 

suppliers. Low capacity of small-scale farmers and proximity of pond area with collectors 

drive them to sell to the nearest collectors than to processing plants directly. Also, collectors 

provide loan provision for farmers. Informal loans were easy to get and enable farmers to 

purchase farm inputs. The process of getting formal loans was complex and spent weeks or 

months to be approved. Also, formal loans require collateral such as a pond, which is 

difficult for farmers. Consequently, farmers should sell their shrimp to the collectors who 

gave informal loan provision for farmer’s operation (see Appendix 2A.1). Moral burden binds 

farmers to sell shrimp to loan providers. The informal contract would not generate material 

implication when a farmer breaches the agreement. Rather, it would attract a social 

implication due to tight relationships in the community.  

Market and captive forms are present in the relationship between farmers and wholesalers. 

Farmers who select wholesalers over collectors are characterised as semi-intensive farmers 

that have a high capability. In market relationships, farmers are usually self-sufficient in 

providing operational costs to perform shrimp farming. Market relationships are where the 
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intensity of coordination is low. Both parties can change partners with low switching costs. 

Wholesalers can refuse to buy if shrimp is deteriorated or wholesalers would offer a lower 

price for low quality of shrimp. On the contrary, farmers will sell shrimp to the wholesalers 

who offer a higher price. The price information is easily defined because of information 

technology and farmer group membership. The captive form between farmers and 

wholesalers arises from the fact that there was a one-way dependence between them. This 

type of farms may be characterized as a low capacity farm on capital but tried to perform 

semi-intensive practice to enhance profitability. Thus, farmers requested informal loans to 

wholesalers in which demand farmers to sell their shrimp to wholesalers.  

The relationship between collectors and their buyers varies based on the type of buyers.  

Collectors commonly sell shrimp to wholesalers, household retailers, and the local market. 

The market channels particularly demand different shrimp size and quality. Wholesalers 

request a good quality of shrimp with a bigger size of shrimp to be distributed to processing 

plants and the regional market (restaurants and hotels). Low quality and lower size of shrimp 

are generally sold to household retailers and local markets for local household consumption. 

Market relationships are observed between collectors and wholesalers, linked to price 

offered and low intensity of coordination. The price information is gathered easily from 

every wholesaler to determine the market destination. Also, personal identity is irrelevant 

since the locations of collectors and wholesalers are sometimes in different regions.  

The relational form is found in the relationship between collectors and household retailers 

and local markets. The relational form is present due to mutual dependency, often based on 

social and spatial proximity. Partners help each other on economic wellbeing. On one hand, 

collectors need to sell than dispose of a smaller size and low quality of shrimp to maximize 

their profit. On the other hand, household retailers need to sell shrimp supplies to generate 

income. Implicit information is an exchange through face-to-face interaction. Delayed 

payments occur due to trust between partners, which makes switching costs to new 

partners high.  

Focusing on the relationship between wholesalers and buyers, the market form of 

governance structure was found. The wholesalers sell products to different buyers based on 

product size. A specific size of shrimp is distributed to a buyer or processor; however, the 

selection is based on the price offered. Every processor has different rates for different 
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shrimp sizes. In addition to shrimp supplies from the wholesalers, hierarchical coordination 

is found in the shrimp processing plant. Based on the interview with the chief of an 

association, only 10 percent of the processing plants have hierarchical coordination 

(vertically integrated), with only supplied 20 percent of their raw material source. The 

hierarchical form arises from the view that processing plants produce shrimp from their 

farming; we call it ’in-house production’. Those processing plants produced shrimp supplies 

for a specific market with a specific FSS requirement. The implementation of food safety 

standards involves a high complexity of information exchange; however, most of the shrimp 

farmers have a low capability on implementing specific FSS. Consequently, processing plants 

need to produce shrimp supplies in-house to ensure food safety and traceability.  

Given that the FSS requirements in the upstream and intermediary levels are voluntary 

whereas at processing level is mandatory, quality and safety assurance are performed by 

controlling shrimp supplies at the processing gate. Shrimp products are randomly checked by 

processing plants using organoleptic, biological and chemical tests at their labs.  

2.5.2. VERTICAL COORDINATION OF PRIVATE FOOD SAFETY STANDARDS 

Supply chains with the Organic Standard have a chain wide FSMS that is widely adopted 

across the chain when small-scale farmers are involved. It is adopted by relatively few chain 

actors. The Organic Standard is applied only for small-scale farmers who grow Black tiger 

shrimp (Penaeus monodon). The standard is voluntary for small-scale farmers to enter a 

specific market channel, gain benefits of the relationship (such as higher than market prices) 

and access certified nauplius produced by the company. Nauplius is supplied by the hatchery 

unit owned by the company to cater to the requirements of certified juveniles. The Organic 

Standard specifies the requirements that must be followed by farmers (Appendix 2A.4). For 

example, farmers using the traditional aquaculture system must produce without artificial 

feed or hazardous content and preserve the environment around ponds with mangrove 

planting.  

The governance structure of the Organic Standard is a single coordination throughout the 

chain. The chain is relatively short due to the absence of intermediary actors in the supply 

chain. Processing plant and small-scale shrimp farmers are connected directly to the chain. 

Following Raynaud et al.'s (2005) classification of vertical relationships, coordination of the 
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Organic Standard is categorised as a hybrid form, with a specifically approved partner 

contract (Figure 2.4). Hybrid relationships arise from understanding that both partners keep 

their identity independent of each other (Ménard, 2004). Coordination in the chain is 

organised by the processing plant. Approved partner contracts arise from an explanation 

that the lead firm is open to accept any farmers; nevertheless, farmers must comply with the 

organic farming qualification to be approved as a partner by the processing plant. 

Implementation requires a written contract between farmers and the processing company 

(Appendix 2A.4). Contract farmers are also known as eco-shrimp farmers. However, the 

contract is arranged and established through a consensus process, where both parties—

organic farmers and the company—present their perspectives on how to enhance benefits 

and sustain aquaculture development. When one of the partners disagrees with the 

requirements, they will quit the arrangement. 

Compliance with the Organic Standard is monitored by the processing plant using farming 

audit and inspection by processor’s agents. Also, monitoring before harvesting is performed 

to check for contamination at the pond site. Pre-harvest monitoring determines whether the 

shrimp will be accepted or rejected by the processor. 

 

FIGURE 2.4. VERTICAL RELATIONSHIP OF PRIVATE FOOD SAFETY STANDARD 
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2.6. EMERGING ATTRIBUTES ON THE RELATIONSHIP BETWEEN FSS TYPE AND CHOICE OF 

GOVERNANCE STRUCTURE 

It can be argued that investment costs to implement public FSMS are high. At the farm level, 

high investments for implementation are supported by the view that farmers need to build 

fences around ponds, a fertiliser warehouse, animal cages for goats, ducks or chickens, 

toilets, garbage bin, and water-channel maintenance (see MMAF, 2014). Moreover, 

implementation of IndoGAP requires investment costs such as building of storeroom for 

feed, purchase of fertilizer and medicine, water channel maintenance, construction of 

livestock cages (for shrimp farmers who farm livestock), fencing around the pond, providing 

toilet and garbage bin. However, such investment costs are not considered specific assets, as 

Williamson (1991) argues that specific assets cannot be allocated for other works. 

Investments for implementing FSS are still valuable for other activities. Furthermore, farmers 

need to improve aquaculture practices and management to meet standard requirements 

(i.e. records and documentation, training, meetings, and dissemination). However, recording 

and documenting shrimp farming activities are tricky for small-scale farmers due to their low 

level of education; Table 2.4 shows that most farmers stated that recording and 

documenting is a major challenge and that assumed the activities added to their workload. 

The nexus between the implementation of public FSS and governance structure may 

generate performance ambiguities, which arise from the fact that farmers’ investments on 

FSS implementation are not verifiable by final evaluation of quality and safety of shrimp 

supplies. There is a opportunity to improve prices through those investments. For example, 

building a warehouse increases the investment costs, but these efforts are not counted 

toward the shrimp price. The warehouse is built to improve pond layout and avoid 

contaminating fertiliser and farm gear. The measurement problem is aggravated by the 

captive relationship between farmers and collectors as farmers cannot bargain premium 

prices for certified shrimp.  

Coordination and adaptation problems are high in public FSMS. Different types and 

obligation of implementation of FSS for every actor in the supply chain lead to coordination 

and adaptation problems. Uncertainty and traceability issues are still present due to the 

unpredictable performance caused by the limited intensity of coordination, communication 

and information flow. Food safety inspection is  performed  by assessing end-products at the 
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downstream level (see in section 2.2 about the control system of FSS by Antle, 1999); often, 

buyers do not mind whether the shrimp are certified or uncertified. Furthermore, voluntary 

enforcement of public FSS and certification at the upstream level and the absence of public 

FSS at the intermediary node enable uncertified farmers to join the coordination. 

Intermediaries do not consider FSS implementation and certification at the production level 

as value addition (see Table 2.4). Eventually, certified and uncertified products are mixed at 

the intermediary level, causing traceability issues. 

In terms of the governance structure of the Organic Standard, asset specificity is high. High 

asset specificity arises from the fact that organic farmers need to assign physical asset 

specificity and dedicated assets. It is critical to note that preserving the Organic Standard in 

shrimp farming is much more specific to conventional traditional farming. Consequently, the 

transaction between organic farmers and processors needs to be supported by the high level 

of specific investments. For example, organic farmers need a specific physical asset, called 

‘perayang’, to harvest the shrimp to avoid damaging the product. The tool is weaved from 

bamboo skin and can only be used for shrimp harvesting. Employing other harvesting gear, 

i.e. nets, will damage the shrimp and decrease the quality. Also, organic farmers plant 

mangroves on the embankment area. This dedicated asset is demanded by the processing 

plant for environmental restoration. 

Coordination and adaptation problems in the Organic Standard are low. The high intensity of 

coordination and information flow was confirmed in the supply chain, such that the 

traceability of safe food is relevant. The farming process and end-products are monitored by 

a combination of process and performance risk control forms of FSS. Input suppliers, pond 

performance, document reports, and pre-harvesting products are inspected and monitored 

to ensure traceability of hazardous content and unhealthy products, while product tests are 

performed to confirm food safety and quality. The company provides cool boxes to preserve 

shrimp in the cold-chain system to decelerate rigor mortis and prevent the infiltration of 

hazardous objects. The cool boxes are placed in the ponds for collection by the company’s 

agent.  

It can be argued that performance measurement problems in implementing the Organic 

Standard are high. Performance ambiguity arises from the fact that dedicated asset 

specificity, as part of the contract requirements, is not verifiable from the final evaluation of 
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quality and safety of shrimp supplies. It is argued that mangrove planting is a misdirected 

effort for enhancing shrimp quality since the main purpose of this planting is to preserve the 

environmental conditions. 

2.7. CONCLUSION 

This chapter provides insight into the relationship between FSS and governance structure in 

the context of the shrimp value chain in Indonesia. Two FSS systems involving small-scale 

farmers were analysed, public FSMS and private FSMS (Organic Standard). Governance 

structures for both types of FSMS were investigated. The transaction attributes that 

emerged in the transaction were analysed.  

Concerning the types of FSS, public FSMS had different types of standards and certification 

for every node in the chain. Enforcement of public FSS differed at upstream and downstream 

levels. Public certification is voluntary for farmers but mandatory for processing plants. The 

absence of FSS at the intermediary level was unique to the shrimp supply chain, because this 

issue may result in mix of certified and uncertified product; hence, supplies of certified 

shrimp cannot be traced. In contrast, the Organic Standard as a private FSMS had a single 

standard for chain-wide FSMS. Intermediary roles were absent in the Organic Standards as a 

private FSMS. Organic products had to be distributed to processing plant once shrimp is 

harvested from the ponds. 

The diverse governance structure, where public FSMS is implemented, depends on actor-to-

actor interactions. The most common coordination types are market, relational and captive 

forms. In contrast, coordination of the Organic Standard is a single form, where an approved 

partner contract form is involved in the whole supply chain. 

Various transaction attributes emerged in the nexus between the implementation of FSS and 

governance structure. In public FSMS, coordination and adaptation problems were high 

which caused issues on safety, uncertainty and traceability were still present. A high level of 

coordination and adaptation problems arises from different types of FSS and certification for 

each node in the supply chain, with different enforcement. Public certifications were 

voluntarily implemented at the upstream level of the shrimp supply chain (hatchery and 

growing practices), but mandatory at the downstream level (processing plant). Moreover, 

the absence of certification at the intermediary level generated issues related to the mixing 
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of certified and uncertified products at the intermediary node. Consequently, prices 

between certified and uncertified shrimp did not significantly differ. If public standards are 

part of the global strategy to enhance safety products and create value, then incentives need 

to be considered. Also, high investment and performance ambiguity on implementing 

IndoGAP at the farm level generated the perception that public certification was not 

attractive to implement. The chain did not provide access to specific markets for certified 

shrimp. Thus, the requirements for public FSS need to be simple, low cost and consider local 

traditions. 

Coordination and adaptation problems in private FSMS are low. Implementation of the 

Organic Standard to access lucrative markets (direct to a processing plant) was managed in a 

contract form for the entire supply chain. Multinational processing companies set standards 

and procedures for organic farming that the farmers must comply with to be approved as a 

qualified partner. Implementation is followed by a written contract between farmers and a 

specific multinational processing company. Hence, the uncertainty of safe food and 

traceability issues are irrelevant.  

Public and private FSMS differ in how they cope with safety uncertainty and traceability 

issues for buyers. The alleviation of uncertainty is the primary concern for enhancing the 

economic value of shrimp products, and traceability is required by global seafood markets. It 

is not difficult to see that the Organic Standard is more efficient, with a safer and traceable 

shrimp supply chain than public standards. Public FSMS had issues with the heterogeneous 

quality of supplies due to co-mingled products from certified and uncertified farmers and 

low enforcement on implementing the standards at the upstream level. Hence, market 

access must improve by differentiating between certified and non-certified supplies. 

Governments need to consider public certification at upstream nodes as a requirement for 

obtaining HACCP certification at downstream nodes. 

For organic farms, the contract form allows small-scale farmers to access lucrative markets 

for shrimp products, while public FSMS does not provide specific markets as coordination is 

low. Therefore, implementation of the Organic Standard needs to be considered as a 

strategy for enhancing food safety in aquaculture practices. Improving traceability can be 

accomplished through detailed control and monitoring forms from both government and 
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third parties. To sharpen the outcomes, the determinants and impacts of public standard 

implementation need to be studied in more detail. 

Transaction attributes for aligning FSS and governance structure in the examined cases 

indicate that the transaction cost framework explains the FSMS choices. This chapter 

supports the view that the nexus between FSS and governance structure is essential for 

efficient coordination. The results provide some insight into a suitable governance structure 

for food safety management in the shrimp value chain. Further research is needed to 

examine whether the relationships between food safety management and governance 

structure reported here apply in other fisheries supply chains.  
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APPENDICES  

APPENDIX 2A.1. MATRIX CODING QUERY BETWEEN THE VERTICAL RELATIONSHIP AND COORDINATION VARIABLES 

Coding for coordination 
variables 

Vertical relationship 

A B C D E F G H I J K L M N 0 P 

Area proximity – – – – – – – – 7 – – – – – – – 

Collector place as selling 
points 

– – 2 1 1 – – – 3 – – – – – – – 

Consensus – 3 – – – – – – – – – – – – – – 

Delayed payments – 5 1 – – – – – 2 – – – 2 2 1 – 

Family or friendship relation – – – – 1 1 – – 4 – – – – 2 – – 

Farm owning (vertical 
integration) 

1 – – – – – – 1 – – – 1 – – 1 – 

Formal contract – 6 – – – – – – – – – – – – – – 

Higher price – – – – 1 – 3 – 1 – 2 – 2 – 3 1 

Incentives 1 4 – – – – – – 0 – – – – – – – 

Loans – – – – – – – – 16 – – – 1 4 1 – 

Low quality of products – – – – – – – – – – – – – – – – 

Monitoring and controls – 5 – – – – – – – – – – – – – – 

Own farm production 1 – – – – – – 1 – – – 1 – – – – 

Personal preferences – – – – – – – – 2 – – – – – – – 

Regular customer – – 1 – – – – – 1 2 – – – – – – 

Size preferences 1 3 – 1 – – – – – 2 – – – – 4 – 

Standard requirements 3 10 – 1 – – – – 1 – – – – – – – 

Technology assistance 1 4 – – – – – – – 1 – – – 2 – – 

Trust and reputation 1 – 2 1 3 – 2 – 1 3 – – 1 – 10 1 

Volume target of supplies – – – – – – – – – – – – – – 6 – 
Notes: Data analysed using NVivo11 

A: Black tiger farmers (Associated) 
Hatcheries 

G: Collectors (Associated) 
Wholesalers 

L: Shrimp farmers 
(Associated) Processors 

B: Black tiger farmers (Associated) 
Multinational company 

H: Multinational company 
(Associated) Hatcheries 

M: Shrimp farmers 
(Associated) Wholesalers 

C: Collectors (Associated) 
Household retailers 

I: Shrimp farmers (Associated) 
Collectors 

N: Vannamei shrimp farmers 
(Associated) Feed agent 

D: Collectors (Associated) Local 
market 

J: Shrimp farmers (Associated) 
Household hatchery units 

O: Wholesalers (associated) 
processors 

E: Collectors (Associated) Retailers K: Shrimp farmers (Associated) 
Input suppliers 

P: Wholesalers (Associated) 
Regional market 

F: Collectors (Associated) 
Traditional market 
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APPENDIX 2A.2. REQUIREMENTS OF INDOGAP CERTIFICATION 

No Main keys of 

sanitations 
Requirements 

1 Location 1.1. The aquaculture unit is in a suitable environment where food safety risks 

such as chemical, biological and physical hazards are minimized. 

2 Water supply  2.1. Aquacultur unit has a good water source and 

the supply wateris protected from pollution sources  

3 Layout and 

design 

3.1. Aquaculture area  is only used for  fish farming 

 3.2. Fish farm unit has design and layout  that can prevent cross contamination  

  3.3. Toilets, septic-tanks, warehouses and other facilities are separate and 

not potentially contaminate aquaculture products  

  3.4. Aquaculture unit has disposal facilities for wastewater or solid waste at an 

appropriate place 

  3.5. Aquaculture equipment such as cages and nets are designed and built in 

order to measure minimal damage of fish during farming and harvesting 

4 Cleanliness 

facilies & 

equipment 

4.1. aquaculture unit and its environment are kept in a clean & hygienic condition 

 4.2. Prevention are performed to avoid animals and pests taht cause 

contamintion  

 4.3. Fuel,  chemical  materials  ( disinfectants , fertilizers ), feed , and medicines 

are stored in a separate and secure place 

 4.4. Ponds, equipment and facilities of aquaculture are made of material that 

does not cause contamination 

  4.5. Facilities and equipment is maintained in a hygienic and clean condition 

before and after use, and (if necessary) disinfected with allowed materials.  

5 Preparation of 

fish pond 

5.1. Fish ponds are prepared before fish-stocking  

 5.2. In pond preparation  and water, only use requiered fertilizer, probiotics, and 

chemical materials  

6 Water 

management 

6.1. Water filtration or  precipitation  as well as  water quality testing as required 

for fish farming 

 6.2. Regular  monitor    of water  quality sources  to ensure the health and 

hygiene of fish farmed  

7 Seed/juveniles 7.1. The fish juveniles are in a healty and good conditions and come from a 

certified hatchery and are not traces with dangerous diseases or fish 

medicines  

8 Feed 8.1. Feed has a registration  number issued by the Director -General of 

Aquaculture – MMAF or has a  guarantee  letter from a competent 

institituion  

  8.2. Feed is stored in a dry and cool place to keep the quality, and is used prior to 

expiration date  

  8.3. eed is not mixed with (an)other material such as antibiotics, fish medicines 

and chemical materials, or added with prohibited hormones. Additional 

materials should be registered in MMAF 
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No Main keys of 

sanitations 
Requirements 

 

 

 8.4. Household-made  feed  must be made from  recommended  material  by 

MMAF and not mixed with prohibited substances (antibiotics, pesticides, 

metals)  

  8.5. Feeding should be carried out efficiently according to the recommended 

dosage  

  8.6. Labeled  feed  has information includes the composition, date of expiration, 

dosage and how to use in a clearly written with Indonesian language 

9 Use of chemicals, 

biolo-gi materials 

and fish drugs 

9.1.use only fish medicine, with allowed chemical and biological contents (has a 

registration number) 

 9.2. Allowed medicine is used in an appropriate dosage (strong medicine should 

be under competent supervision) 

 9.3. fish medicine, chemical and biological  materials are stored in a 

specifications -suited area. 

  9.4. The use fish medicine, chemical and biological  materials  is consistent with 

instructions on the label 

  9.5. Perform a test to detect residues of fish medicines and chemical 

materials chemistry with a low threshold limit. 

  9.6. Fish medicines, chemical and biological materials used should have a label 

that describes the dose, rules of use, date of expiration written in Indonesian 

language. 

10 Ice and water use 10.1 Clean water used is available in a sufficient quantity for harvesting, product 

handling and cleaning 

  10.2. Ice is supplied from approved supplier who use drink water 

  10.3. Ice is received in sanitary condition 

  10.4. Ice is handled and stored in hygienic conditions 

11 Harvesting 11.1. Tools and equipment are easily clean and kept in a clean and hygienic 

condition 

  11.2. Harvesting is well prepared to avoid high temperature condition which 

influence fish quality 

  11.3. Harvesting time is performed with effort to avoid the occurrence of a 

decrease in the quality and contamination of fish 

  11.4. Fish handling is carried out hygienically and efficiently so that it does 

not cause physical damage 

12 Harvested 

product handling 

12.1. Equipment and supplies for product handling are easily cleaned and 

disinfected (if necessary) and always keep it clean 

 12.2. Fishes are immediately stored in a freeze place with a minimal 

temperature 0°C 

  12.3. Handling processes such as selection, weighing, washing, rinsing, etc. are 

quickly and hygienically performed without damaging the products 

  12.4. Based on requirements, prohibited materials are not used in fish 

distribution 

13 Transportation 13.1. Distribution equipment and facilities (boxes, containers, etc.) used are 

easily cleaned and always cleanly maintained 
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No Main keys of 

sanitations 
Requirements 

  13.2. Fish is hygienically distributed to avoid contamination (air pollution, soil, 

water and chemical contamination) and cross contamination  

  13.3 Temperature of products during distribution should be close to the ice melt 

temperature (0°C)  

  13.4. Additional Considerations for handling and transport of live fish 

  13.5. Live fish are handled and maintained in conditions that do not cause 

physical damage or contamination 

14 Waste disposal 14.1. Waste (liquid, solid and hazardous) is managed (collected and disposed of) 

by hygienic and sanitary ways to prevent contamination 

15 Recording 15.1. The type and origin of manufactured feed are well recorded as well 

as raw material of household-made feed 

  15.2. Records of fish medicines, chemical and biological materials are well 

written during farming period 

  15.3. Records of water quality (water source, water supplies, water maintenance 

and liquid waste) are well written during farming period 

  15.4. Records of disease incidence which may impact to food safety products  

  15.5. Harvesting records are well written and kept properly 

  15.6. Records of fish transportation are well written and kept properly 

16 Corrective action 16.1. Corrective actions (on food safety hazards) are performed and controlled 

regularly    

  16.2. Corrective actions are performed immediately and appropriately    in 

accordance with the problems found 

17 Training 17.1.  Owner and workers are aware and trained (training, seminars, workshops, 

etc) in preventing and controlling food safety hazards in aquaculture 

practice 

18 Personnel 

cleanliness 

18.1. Workers who handle fish are in healthy conditions  

Source: MMAF, 2014 

Notes: Those requirements are assessed with nonconformity levels: minor, mayor, serious, critical. 
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APPENDIX 2A.3. REQUIREMENTS OF INDOGHP CERTIFICATION 

No 
Main Keys of 

sanitations 
Aims Procedures Monitoring  

1 
Water and ice 

safety 

 

To ensure that 

water and ice used 

meets 

requirements of 

quality and safety 

of fishery products 

Water supplies are safe to use and 

sufficient for washing activities, 

processing, or ice making; 

Clean seawater is only used for non-

contact activities with products; 

Water is preserved and prevented from 

contamination; 

Monitoring of water quality and safety at 

supply point and 

utilization; 

No crossways between clean water and 

wastewater installations. 

Microbiology 

tests   

 

Chemical and 

physical tests  

 

2 
Condition and 

hygiene of 

surfaces 

directly 

contact with 

products s 

 

 

Sanitary and 

hygiene surfaces 

produce safe food 

  

The surface of equipment directly 

contacted with products should not be 

made of corroded materials and not react 

with products; 

Working clothes and equipment must be 

clean; 

The containers used (baskets, plastics, 

buckets, knives) are washed 

with clean water and disinfected using 

allowed material 

Working clothes are washed every day; 

All equipment is stored in a clean place 

 

3 
Prevention of 

cross 

contamination  

 

 

Avoid product 

contamination 

during production 

process 

Prevent contamination from other 

products, materials (construction, design 

and supplier lay out unit) and employees; 

Employee hygiene (including working 

clothes, activities and behavior); 

Prevent contamination from raw materials 

(separation process between raw and 

processed products); 

Sanitary and hygiene conditions of 

supplier unit and its equipment; 

Storage and handling of packaging 

materials; 

Methods of product storage; 

Effective separation during handling, 

processing, and storage between raw 

materials or other ingredients from 

processed or ready-to-eat products, 

Area separation between clean and 

unclean zones; 

Procedures for employee health; 

Control and restriction movement of 

product and employees in the factory. 

Checking 

employee 

clothes before 

entering the 

workshop 
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No 
Main Keys of 

sanitations 
Aims Procedures Monitoring  

4 
Hygiene, 

sanitary and 

hand washing 

facilities, and 

toilet 

 

 

Clean facilities, 

sanitation and 

toilets 

 

a. Toilet 

Sufficient number: one toilet should only 

cover 0-15 people with flushing system 

Soap, disposable tissue / dryer 

Ventilation 

Water-disperse door  

Keep it clean 

b. Hand washing facilities 

Hand soap and tissues/dryer 

Strategic location, easy to reach, sufficient 

number 

c. Foot Bath 

adequate construction  

sufficient depth/adequate water 

disinfectant concentration 

Hand wash 

every two 

hours  

5 
Protection of 

products, 

packaging 

materials, and 

tools from 

chemicals/ 

contaminants 

 

 

Products, packaging 

and tools are free 

from chemical 

material 

contamination 

 

 

Raw materials, additional and packaging 

materials are from suppliers conformed 

with requirements; 

The required raw materials and additional 

materials are free from 

contaminants (pesticides, bacteria, 

formalin, etc); 

Packaging materials supplied to 

warehouse are free of contaminants 

(bacteria, etc.); 

Warehouse must be kept in clean 

condition; 

Machines positioned at the ceiling must 

be free from raw materials / products 

below. 

Chemical tests 

Contamination 

tests 

Free of 

pesticides  

6 
Terms of 

labelling, 

storage and 

utilization of 

poisonous 

materials 

 

Raw materials are 

free from 

poisonous 

materials 

All chemicals, cleaning agents and 

sanitizers are clearly labelled; 

The use of chemicals, cleaning agents and 

other materials must meet the 

requirements; 

All the materials are stored in a special 

and separated place. 

Prohibited to use chemicals such as: 

pesticides, fumigants, disinfectant and 

detergent. 

 

7 
Supervision of 

the personnel 

hygiene and 

health   

 

 

Ensuring employee 

hygiene and health 

Preventing contamination by employees 

(types of diseases that may contaminate 

such as: cough / cold, flu, diarrhea, skin 

diseases, etc.);  

Ensuring employee hygiene and no sick 

employees at the process room (sick 

employees who are suspected of being 

Report of 

employee 

health 

examination  
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No 
Main Keys of 

sanitations 
Aims Procedures Monitoring  

able to contaminate products are 

prohibited from working in the process 

unit); 

Monitoring employee health conditions by 

the company. 

8 
Pest control Pest-free products  

 

Pests must be prevented from entering 

the supplier unit  

Pests must be prevented from breeding at 

the supplier unit; 

The supplier should have pest control 

program and measure to eliminate pests  

 

Source: MMAF, 2019 

Notes: Those requirements are assessed with nonconformity levels: minor, mayor, serious, critical. 
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APPENDIX 2A.4. STANDARDS, PROCEDURE AND SANCTION ON IMPLEMENTING ORGANIC STANDARDS AT 

SIDOARJO, 2016–2017 

Standards Procedures Sanctions 

Pond    

a. Legality 

Pond has legal evidence of 
ownership  

Evidence of the legality recognised by the 
project operator: land certificate 

Severe – rejected 
as member of 
organic shrimp 
farming project 

b. Pond location is  not close 
to intensive aquaculture or 
farming practice that uses 
unallowed production 
substances  

Unauthorised support materials for 
production are enclosed in separate sheets 

Rejected as 
member of 
organic shrimp 
farming project 

c. Reforestation 

i. Farmers must plant 
mangroves on the pond 
embankment and wait for 
at least 5 rainy seasons 
before growing shrimp.  

ii. Minimum number of 
trees in the pond is the 
total perimeter of the 
embankment per plot 
divided by 7, with a 
maximum distance 
between trees of 21 m 

iii. Type of plant counted is 
perennials 

iv. Trees died from natural, 
human and animal 
factors, etc. must be 
replaced in the next rainy 
season 

 

→ Rainy season is from October to April 

→ 20% of the total shortage of trees must be 
planted every rainy season  

→ Tree shortages are determined at the 
approval committee meeting (AC meeting)  

→ For example, Avicennia, exoecaria 
agallocha, Azadirachta indica, walnut, 
Parkia speciose, Rizophora apiculate, etc.  

→ The number of dead trees is determined 
at the AC meeting 

 

Moderate to 
severe 

Not meeting the 
standards by the 
5th rainy season 
period will 
terminate 
membership of 
the organic 
shrimp project 

Juveniles   

a. Stocking from natural 
sources is prohibited 

– Severe 

b. Only shrimp stocking from 
local species are allowed in 
organic ponds 

White shrimp is not allowed Moderate to 
severe 

c. Only seeds from hatcheries 
approved by the project 
operator are allowed 

A list of approved hatcheries is attached in 
separate sheets 

Moderate to 
severe 

Growing   

a. It is forbidden to use or 
store supporting materials 
that are not permitted in 

A list of supporting materials from the organic 
tiger shrimp project for ponds is attached in a 
separate sheet 

Fair 
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Standards Procedures Sanctions 

the pond and 
land/embankment 

b. Artificial feed is not 
allowed 

– Moderate 

c. Prohibited to use windmills 
or other equipment to 
increase oxygen levels 
continuously 

– Moderate 

d. Must perform polyculture 
system 

Must be growing fish other than shrimp Moderate 

e. Every year farmers have to 
dry the pond soil, at least 
once 

Perform during dry season  Moderate 

f. Maximum density of tiger 
shrimp during stocking is 
30,000 nauplius/ha and 
20,000/ha of the effective 
total area of the unit pond 

→ Effective area is pond size that can be 
used as farming media 

→ Effective land area is determined by AC 
meeting 

→ 1 rean is 5,000 nauplius fingerlings  

Fair 

Recording   

a. Recording is done in the 
existing format, for all 
activities 

→ Recording format provided by the project 
operator 

→ All aquaculture activities must be 
recorded, including harvested tiger shrimp 
and others, whether or not sold to 
factories 

Fair to severe 

b. The person in charge of 
recording is the operator 

Recording may be assisted by other parties 
with the knowledge of the operator 

Fair to severe 

c. The operator must be able 
to prove the records that 
were carried out and show 
the necessary supporting 
evidence to the Project 
Operator or the designated 
personnel  

→ Notes must be made on the farm 

→ A list of supporting evidence is attached in 
a separate sheet 

Moderate to 
severe 

Harvesting and post-harvest   

a. Only harvests with 
perayang, ragah or nets can 
be sent as organic shrimp. 
Do not use electric fishing 
devices 

Farmers must register farms that will harvest 
to project operators no later than 12 days 
before the deciding committee meeting 

Moderate 

b. Organoleptics  Taste test is only done once; those that do 
not pass cannot be repeated 

 

Sanction   

Sanctions are divided into three categories: fair, 
moderate and severe  

→ Same minor violation for third time in one 
year is subject to moderate sanctions 
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Standards Procedures Sanctions 

Sanctions are determined through determinant 
committee meetings 

→ Same moderate violation for third time in one 
year is subject to severe sanctions 

→ Same severe violations for second time in one 
year are excluded from the organic project 

Source: Ecoshrimp farmers, 2016 
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APPENDIX 2A.5. HOW DO SHRIMP FARMERS ORDER NAUPLIUS AND AFTIFICIAL FEED?  

Ways to get nauplius from hatchery units (N=131) Percent (%) 

1. How to buy the nauplius?  

a. Contacting the nauplius units by calls 74.73 

b. Visit the nauplius unit 18.68 

c. Contacting farmer group 6.59 

2. How many days do the nauplius need to be distributed to farmers?  
 

a. 1 day 18.68 

b. 1 week 79.12 

c. 1 month 2.20 

3. What variable that influence the selection of feed agent?  

a. Quality 58.82 

b. Price 15.69 

c. Delayed payment 5.88 

d. Easy to get 19.61 

Note: Calculations based on the survey data.  
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CHAPTER THREE 

 DO PUBLIC FOOD SAFETY STANDARDS BENEFIT SMALL-SCALE FARMERS? A 

CASE STUDY OF INDOGAP CERTIFICATION ON SHRIMP FARMING IN 

INDONESIA 

ABSTRACT 

This chapter investigated the impact of public certification on the performance of 

aquaculture farms, with a case study of IndoGAP certification on shrimp farming in 

Indonesia. Since most shrimp is farmed alongside fish (polyculture), we analysed the impact 

of adopting certification on shrimp and fish yields as well as total revenue, variable costs and 

net profit per hectare. The results show that the adoption of public certification is influenced 

by the characteristics of households, farm management practices and the relationship 

between farmers and their buyers. Also, the counterfactual analysis showed that IndoGAP 

certification has positive impacts on shrimp yield but negative impacts on fish yield, total 

revenue, variable costs, and net profit. Our results provide evidence that implementation of 

FSS and certification at small-scale farms needs to be supported by implementing cluster 

certification to jointly controlling risks, costs, and better farm management.  

3.1. INTRODUCTION 

Over the past decade, attention to food safety standards (FSS) and certification has 

increased in the fisheries sector due to increasing consumers’ awareness and concerns 

about food safety. The increase in global aquaculture production (FAO, 2018) and the 

resulting environmental and health hazards (Cabello, 2006; Chimatiro, 1998; Cole et al., 

2009; Rico et al., 2012; Sapkota et al., 2008) is well documented. Aquaculture practices are 

now large enough to have significant impacts on the environment and human health due to 

potential hazards in the farming process, mainly from feed additives, drugs, and antibiotics 

(Chimatiro, 1998). Food safety standards and certification in the fisheries sector have been 

developed to address the growing worldwide demand for safer and healthier products to 



CHAPTER 3. CAN PUBLIC FSS BENEFIT SMALL-SCALE FARMERS? 

 PAGE | 72 

protect consumers (Corsin et al., 2007; Ryder et al., 2014; Valdimarsson et al., 2004; 

Washington & Ababouch, 2011). 

A general distinction can be made between private and public standards and certification. 

Private FSS and certification are established and issued by a company or a third party, 

whereas public FSS and certification are set by government regulation (Henson & Caswell, 

1999; Washington & Ababouch, 2011). The development of private FSS and certification on 

fisheries production, trade, and marketing is in response to consumer perceptions that 

public standards do not satisfactorily deliver sustainable and responsible fisheries 

management outcomes (Corsin et al., 2007; Ryder et al., 2014; Washington & Ababouch, 

2011). Private certification, such as eco-labelling and Organic Standards, improve 

environmental conditions, enhance transparency and aquaculture management, and 

promote sustainability (Bush et al., 2013; Nhu et al., 2016; Tlusty, 2012; Washington & 

Ababouch, 2011; Xie et al., 2013). Also, private standards offer economic benefits to 

aquaculture operators, such as access to specific markets, premium prices and 

differentiation from other conventional products (Belton et al., 2011; Vandergeest & Unno, 

2012; Ward et al., 2011).  

Despite these advantages, private standards can have undesirable impacts in developing 

countries where aquaculture practices involve small-scale farmers. Small-scale farmers are 

often in the marginal place to benefit due to the low demand for certified aquaculture and 

high costs and complex requirements impede its adoption (Gulbrandsen, 2005; Jonell et al., 

2013; Leepaisomboon et al., 2009; Marschke & Wilkings, 2014; Pérez-Ramírez et al., 2012). 

Small-scale producers generally lack knowledge, understanding, motivation, trust and 

awareness about FSS; thus, they struggle to meet the costs of compliance (Marschke & 

Wilkings, 2014; Pérez-Ramírez et al., 2012; Wakamatsu & Wakamatsu, 2017; Yapp & 

Fairman, 2006). Also, 70 percent of the aquaculture sector is dominated by small-scale 

farmers, with around 20 million people engaged in the sector, who contribute to 30 percent 

of global aquaculture production (Bondad-Reantaso & Subasinghe, 2013; FAO, 2018; Phillips 

et al., 2016).  

Developing feasible public certification for small-scale farmers is crucial. Public certification 

is developed by the government, which is adopted from private certification and modified to 

suit small-scale production (Bagumire et al., 2009; Kamaruddin & Baharuddin, 2015; 
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Trienekens & Zuurbier, 2008). Krause et al. (2016), Marsche & Wilkings (2014) and 

Prihatmajanti (2014) argue that public certification, such as IndoGAP, QGAP, and VietGAP, is 

free in some producer countries since governments cover the costs of training, external 

auditing, and registration fees. Also, the opportunity to comply with public certification for 

small-scale farmers is positive as there are organisation or government subsidies to help 

farmers to make initial compliance investments; for example, the Brazilian Micro And Small 

Business Support Service – SEBRAE in Brazil – provides subsidies for certified farmers with 

integrated fruit production (Dorr & Grote, 2009; Meybeck & Redfern, 2014; Santacoloma & 

Casey, 2011). 

However, some scholars contend that additional costs will emerge in the public FSS of 

fisheries practices to upgrade sanitary conditions and buy new equipment and enhance farm 

facilities and human resource capacity (Henson et al., 2000; Kumar & Kumar, 2003; 

Marschke & Wilkings, 2014). Marschke and Wilkings (2014) claim that complying with public 

certification requires 25 percent additional costs for upgrading aquaculture facilities. Also, 

Kamaruddin and Baharuddin (2015) find higher production costs for Global Aquaculture 

Practice (GAqP) farmers in Malaysia to buy better quality feed and seed and advanced 

equipment.  

There is little evidence of the positive impacts of public certification on the performance of 

shrimp farming. Some empirical studies have found public certification to be profitable, 

increasing the income of small-scale farmers (Chang, 2012; Kamaruddin & Baharuddin, 2015; 

Mariojouls & Wessells, 2002; Xie et al., 2013). Other studies examining the implementation 

of public certification in fisheries practices have reported increased costs over conventional 

practices; nevertheless, certification increased productivity, product quality, and product 

promotion through labelling, which expanded the high-value market share with higher prices 

(Chang, 2012; Islam, 2012). Chang (2012) found that the adoption of eco-labels increased 

the income of fishers and oyster farmers in Taiwan. However, Marschke and Wilkings (2014) 

argued that standard operations for aquaculture certification are impractical for 

smallholders, such as recording documentation, equipment provision, wastewater 

treatment, wages for additional staff, and standards for size and depth of ponds.  

This chapter investigated the impact of IndoGAP certification on farm performance by 

comparing production yields, variable costs and the profits of certified and uncertified 
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farmers. Factors that influence the decision of farm households to voluntarily implement 

public certification were examined, where these factors also influence the outcome of 

interest. This study assessed small-scale farmer characteristics that can be targeted for 

enhancing competitiveness to remain in global markets.  

This study focused on small-scale shrimp farmers6 in Indonesia who implemented the 

Indonesian Good Aquaculture Practice (IndoGAP). Shrimp farming is an ideal situation for 

testing FSS implementation at the producer level since shrimp products are exported to 

foreign markets. The export of shrimp products has benefited developing countries both at 

the macro and micro-economic levels. Over 50 percent of shrimp production is traded from 

developing to developed countries, including the European Union (EU), United States (US) 

and Japan (FAO, 2012). This trade is supported by almost 5 million tonnes of global shrimp 

production, and Indonesia contributed 13 percent to this global production (FAO, 2018; 

MMAF, 2016). Besides, Indonesia has more than a quarter-million small-scale farmers 

involved in brackish-water aquaculture (MMAF, 2016). More specifically, almost 30 percent 

of certified fish farmers who voluntarily implement IndoGAP certification in Indonesia are 

shrimp farming (MMAF, 2015).  

This chapter contributes to the literature on the implementation of public certification of FSS 

in small-scale shrimp farming. Analysing the impact of FSS on the welfare of small-scale 

producers is important because most of the debate on FSS in fisheries has focused on the 

impact of FSS on the environment, sustainability, market access and challenges of 

implementation. More specific, this research analysed the impact of public certification, 

which is free and voluntary to adopt, on the performance of shrimp farms.  

3.2. METHODOLOGY 

3.2.1. DESCRIPTION OF THE STUDY AREA AND SURVEY DESIGN 

Quantitative data was collected from primary and secondary data sources. Primary data was 

collected directly from respondents through structured and semi-structured questionnaires. 

Stratified random sampling in three stages was used. First, districts with significant amounts 

 

6 Small-scale fish farmer is a person who operates aquaculture to produce fish and gain 

profit form this activity to cater his daily needs (MMAF, 2009) 
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of shrimp production were selected, using information and statistics from Ministry of Marine 

Affairs and Fisheries (MMAF). Sidoarjo district was selected because this area is one of the 

largest shrimp farming in Indonesia and surrounded by 23 fish processing plants. The 

regency’s economy heavily relies upon the shrimp farm, which is 30% of the area is brackish 

water pond. The shrimp ponds occupy 15,530 hectares across eight sub-districts: Buduran, 

Candi, Jabon, Porong, Sidoarjo, Sedati, Tanggulangin, and Waru. The fish production from 

brackish water pond of Sidoarjo Regency contributes one third of East Java Province with 

3,616 tonnes in 2016. Next, lists of all shrimp farms in the selected district that were 

IndoGAP certified and conventional were obtained.  

Complete household lists of a total 2,164 shrimp producers in the districts were gathered 

(traditional and semi-intensive farms), before 182 shrimp farms out of a total of 1,701 

traditional shrimp farms were selected. Fifty-three farms were selected from a total 58 of 

IndoGAP certified farms. Finally, farmers in each subdistrict were selected randomly from 

the lists. A hundred and twenty-nine uncertified farms were selected randomly in 8 

subdistricts that produce shrimp (Buduran, Candi, Jabon, Sedati, Sidoarjo, Porong, 

Tanggulangin, Waru). 

The household survey of shrimp farmers used a questionnaire administered to heads of 

households by trained enumerators. Identified farmers answered a detailed questionnaire 

on the management of the shrimp farm, the production, harvesting, and marketing of 

shrimp products, the certification process, and access to services. Respondents were also 

asked to provide information on household characteristics, social capital, land disposition, 

and perceptions of IndoGAP certification. As is common in farm budget-related surveys in 

shrimp farming in Indonesia, no attempt was made to collect data on family labour input. 

Shrimp farming in Indonesia is usually managed by an operator paid by monthly wage or 

profit-sharing payment. Experienced casual labour is used to prepare ponds before growing 

the shrimp and clean the ponds during the growing period. Discussions with key informants 

and field observations were also undertaken during primary data collection in the study 

area. Secondary data were collected from the State Office of Marine and Fisheries, survey 

reports, bulletins, annual reports, and websites.  
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3.2.2. ANALYTICAL FRAMEWORK 

The impacts of IndoGAP certification on production yields and net profit are analysed using 

cross-section survey data from Sidoarjo, Indonesia. In post estimation-only designs, 

treatment and control groups (control and treated groups) are usually not randomly formed 

which could lead to selection bias.  

Instrumental variable (IV) model is used to account for endogeneity. Unobservable individual 

characteristics of farmers and their farm characteristics may affect both the decision to 

implement IndoGAP certification and production yields as well as total revenue and net 

profit, resulting in inconsistent estimates of the impacts of IndoGAP certification on farm 

performance. For example, if only the most experienced or motivated farmers choose to 

implement and we fail to control for experience, then we will incur upward bias. 

We accounted for the endogeneity of the implementation decision by estimating an 

endogenous switching regression model with full information maximum likelihood. For the 

model to be determined, it is crucial to use a selection instrument(s) as exclusion 

restrictions. These instrument variables are generated from the nonlinearity of the selection 

model of the implementation, which directly affects the decision to implement but not the 

outcome variable of non-adopters (Pizer, 2016). In this case study, we used instrument 

variables of farmer relationships with their buyers (segregated into market, credit, and 

family/friend relations) and farmer’s participation in IndoGAP training7. We established the 

acceptability of these instruments by performing a simple falsification test: if a variable is a 

valid selection instrument, it will affect the adoption decision significantly, but it will not 

affect farm performance (quantity produced, total revenue, variable costs and net profit per 

hectare) among farm households that did not adopt.   

The determinants and impacts of IndoGAP certification on farm performance of shrimp 

farmers were estimated using endogenous switching regression (ESR). Propensity score 

matching (PSM) and Ordinary Least Square (OLS) were used to check for robustness of the 

 

7 IndoGAP training provides information about certification. The training is conducted by the 

government and farmers may choose to adopt FSS after the training or not. 
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results. The outcomes of interest were shrimp and fish yield, total revenue, variable costs 

and net profit, all measured on a per hectare basis. 

In ESR, the first stage of analysis is an estimation of the selection model for the adoption of 

IndoGAP certification and is based on a dichotomous choice criterion function. About 

expected benefits, the farmer evaluates whether to implement IndoGAP certification based 

on resource endowments and farm management options. The expected utility of adopting 

IndoGAP certification, 𝐼𝐼𝑛𝑑𝑜𝐺𝐴𝑃
∗ , is compared to the expected utility of following conventional 

practices, 𝐼𝑛𝑜𝑛
∗ . Farmers will implement IndoGAP if 𝐼𝐼𝑛𝑑𝑜𝐺𝐴𝑃

∗  > 𝐼𝑛𝑜𝑛
∗  and will not adopt if 

𝐼𝐼𝑛𝑑𝑜𝐺𝐴𝑃
∗ <  𝐼𝑛𝑜𝑛

∗ . If 𝐼∗  is not observable, then a binary variable is used to indicate whether a 

farmer implemented IndoGap or not. Following Lokshin and Sajaia (2004), the first-stage 

equation can be estimated using a probit model and written in a simplified form as: 

 𝐼𝑖
∗ = 𝑍′𝛼 + 휀1𝑖 with {

𝐼𝑖 = 1      if 𝐼𝑖
∗ >  0

 𝐼𝑖 = 0    otherwise
       (1) 

where vector Z represents variables that affect the expected benefits of adoption. These 

factors can be classified into different groups. First, we consider the characteristics of farm 

households (e.g. age, formal education, off-farm job, household size). Farmer head and farm 

household characteristics may, in principle, affect the probability of adoption. It is also 

important to address the roles of external factors on the chance of adoption. Farmers have 

specific relationships with their buyers (i.e. market, credit, and family/friend relations) that 

may influence the decision to adopt due to economic motivation. Also, the presence of input 

technology (e.g. traditional or semi-intensive system) may also affect the adoption 

probability. Adoption factors of the certification (e.g. IndoGAP training) can also play a role 

in determining the probability of implementation.  

In the second stage, the impacts of certification on outcomes of interest are estimated. 

Shrimp and fish yields were estimated because most of the farmers were using a polyculture 

system, where the shrimp is farmed along with a specific type of fish (i.e. milkfish or tilapia) 

in the same pond. The impact of technology adoption on households is not trivial in non-

experimental studies when the estimation considers the unobserved impacts of adoption if 

the farmers did not adopt, or the converse (Khonje et al., 2015).  

The modest approach for examining the impact of IndoGAP certification on farm 

performance would be to include a dummy variable equal to 1 in the productivity equation if 



CHAPTER 3. CAN PUBLIC FSS BENEFIT SMALL-SCALE FARMERS? 

 PAGE | 78 

the farm household adopted IndoGAP certification, and then apply ordinary least squares 

(OLS). This approach, however, might yield biased estimates because it assumes that the 

implementation of IndoGAP is exogenously determined while it is potentially endogenous. 

The decision to implement or not implement IndoGAP is voluntary and may be based on 

individual self-selection. Farmers that implement may have systematically different 

characteristics from the farmers that do not implement, and they may have decided to 

implement based on expected benefits. Unobservable characteristics of farmers and their 

farm practice may affect both the implementation decision and farm performance, resulting 

in inconsistent estimates of the effect of implementation on farm performance. For 

example, if only the most experienced or educated farmers choose to implement, and we 

fail to control for skills, then we will create upward bias. 

To determine selection biases, we adopt an ESR regression model of farm performance, 

where shrimp farmers face two regimes:  

Regime 1 (non-IndoGAP farmers):   𝑦1𝑖 = 𝛽1𝑥1𝑖 + 휀1𝑖  if  𝐼𝑖  = 1  (2a) 

Regime 2 (uncertified farmers):   𝑦2𝑖 = 𝛽2𝑥2𝑖 + 휀2𝑖  if  𝐼𝑖  = 0  (2b) 

where 𝑦𝑖  is the outcome (quantity produced, total revenue, net profit or variable costs per 

hectare in a period of farming) in Regimes 1 and 2, and xi represents a vector of inputs (e.g. 

shrimp stocking, fish stocking, fertiliser, labour, etc.), and the farm head and farm 

household’s characteristics, technology characteristics, and the certification factors included 

in 𝑍.  

Finally, the error terms in Equations (1), (2a) and (2b) are assumed to have a normal 

distribution, with zero mean and covariance matrix, i.e. (휀1, 휀2)~𝑁(0, ∑) with:  

∑ = [

𝜎ε
2 𝜎ε1 𝜎ε2

𝜎ε1 𝜎1
2 .

𝜎ε2 . 𝜎2
2

]  

where 𝜎ε
2 is the variance of the error term in Equation (1), which can be assumed to be equal 

to 1 since the coefficients are estimated only up to a scale factor (Maddala, 1986, p. 223). 𝜎1
2 

and 𝜎2
2 are the variances of the error terms in Equations (2a) and (2b), and 𝜎ε1 and 𝜎ε2 

represent the covariance of 휀𝑖, 휀1𝑖, and 휀2𝑖. Since 𝑦1𝑖  and 𝑦2𝑖  are not analysed 

simultaneously, the covariance between 휀1𝑖  and 휀2𝑖  is not specified (reported as dots in the 
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covariance matrix, Maddala, 1986, p. 224). The error term of the selection equation (1) 휀1𝑖  is 

linked to the error terms of Equations (2a) and (2b) (휀1𝑖  and 휀2𝑖); hence, a significant 

implication of the error structure is that the expected values of 휀1𝑖  and 휀2𝑖  are conditional on 

the sample selection being nonzero: 

𝐸(휀1𝑖|𝐼𝑖 = 1) = 𝜎ε1
𝜙(𝑍𝑖 𝛼)

Φ(𝑍𝑖 𝛼)
≡ 𝜎ε1𝜆1       (3a) 

𝐸(휀2𝑖|𝐼𝑖 = 0) = 𝜎ε2
𝜙(𝑍𝑖,𝛼)

1−Φ(𝑍𝑖𝛼)
≡ 𝜎ε2𝜆2      (3b) 

where ϕ is the probability function of standard normal density, Φ is the cumulative function 

of standard normal density, 𝜆1𝑖 =
𝜙(𝑍𝑖,∝)

Φ(𝑍𝑖∝)
 and 𝜆2𝑖 =

𝜙(𝑍𝑖,∝)

1−Φ(𝑍𝑖∝)
. λ1 and λ2 are the inverse mills 

ratio calculated from the selection equation and will be included in Equations (2a) and (2b) 

to correct for selection bias in a two-step estimation procedure, i.e. ESR model. If the 

estimated covariances �̂�ε1 and �̂�ε2 are statistically significant, then the implementation 

decision and farm performance are correlated. That is, there is evidence of endogenous 

switching and the null hypothesis for the absence of sample selectivity bias is rejected. This 

model is defined as a ‘switching regression model with endogenous switching’ (Maddala & 

Nelson, 1974). 

The above ESR framework can be used to estimate the average treatment effect of the 

treated (ATT) and untreated (ATU), by comparing the expected values of the outcomes of 

adopters and non-adopters in actual and counterfactual scenarios. Following Di Falco et al. 

(2011), ATT and ATU are calculated as follows:  

Households who adopted IndoGAP certification (observed in the sample): 

𝐸(𝑦1𝑖|𝐼 = 1; 𝑥) = 𝛽1𝑥1𝑖 + 𝜎𝜀1𝜆1𝑖        (4a) 

Households who did not implement IndoGAP certification (observed in the sample): 

𝐸(𝑦2𝑖 |𝐼 = 0; 𝑥) = 𝛽2𝑥2𝑖 + 𝜎𝜀2𝜆2𝑖        (4b) 

Households who adopted IndoGAP certification had they decided not to implement 

(counterfactual): 

𝐸(𝑦2𝑖 |𝐼 = 1; 𝑥) = 𝛽2𝑥1𝑖 + 𝜎𝜀2𝜆1𝑖        (4c) 

Households who did not implement IndoGAP certification had they decided to implement 

(counterfactual): 
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𝐸(𝑦1𝑖|𝐼 = 0; 𝑥) = 𝛽1𝑥2𝑖 + 𝜎𝜀2𝜆2𝑖        (4d) 

The average treatment effect on the treated (ATT) is the difference between Equations (4a) 

and (4c): 

ATT = 𝐸(𝑦12|𝐼 = 1; 𝑥) – 𝐸(𝑦2𝑖|𝐼 = 1; 𝑥) 

 = 𝑥1𝑖(𝛽1 − 𝛽2) + 𝜆1𝑖(𝜎𝜀1 − 𝜎𝜀2)       (5) 

The average treatment effect on the untreated (ATU) is the difference between Equations 

(4b) and (4d): 

ATU  = 𝐸(𝑦1𝑖 |𝐼 = 0; 𝑥) – 𝐸(𝑦2𝑖|𝐼 = 0; 𝑥) 

 = 𝑥2𝑖(𝛽1 − 𝛽2) + 𝜆2𝑖 (𝜎𝜀1 − 𝜎𝜀2)      (6) 

Equations (4a) and (4b) are the actual estimations observed in the sample, whereas 

Equations (4c) and (4d) represent the counterfactual estimations of outcomes. The second 

term (λ) is the selection term that captures all potential effects of the differences in 

unobserved variables. 

In this chapter, PSM model was also employed to check the robustness of the estimated 

treatment effects generated from ESR. ESR estimation requires instrument variables that 

may be sensitive to its model assumption. Following Heckman et al. (1997), let 𝑌1 be the 

value of farm performance when the household i is subject to treatment (I = 1) and 𝑌0 the 

same variable when the household is not certified with IndoGAP (I = 0). Then ATT is defined 

as: 

ATT = 𝐸{𝑌1 − 𝑌0|𝐼 = 1} = 𝐸(𝑌1|𝐼 = 1) − 𝐸(𝑌0|𝐼 = 1)    (7) 

We can observe the outcome variable of certified farmers E (Y1|I = 1), but we cannot 

observe the outcome of those certified farmers had they not adopted E (Y0|I = 1), and 

estimating the ATT using Equation (7) may, therefore, lead to biased estimates (Takahashi & 

Barrett, 2013). The PSM approach depends on a conditional assumption on the probability of 

implementation, where an outcome of interest in the absence of treatment (Y1) and 

certification status (I) are statistically independent (Takahashi & Barrett, 2013). Rosenbaum 

and Rubin (1983) defined the propensity score or probability of receiving treatment as: 

I(X) = Pr (I = 1)| X         (8) 
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The PSM approach is also built on another important assumption—the common support 

condition—that requires substantial overlap in covariates between certified farmers and 

uncertified farmers, so that households being compared have a common probability of being 

both a certified and uncertified farmer, such that 0 < p(X) < 1 (Takahashi & Barrett, 2013). If 

the two assumptions are met, then the PSM estimator for ATT can be specified as the mean 

difference between certified farmers matched with uncertified farmers who are satisfied 

with the balanced propensity scores and fall within the region of common support, 

expressed as: 

ATT = 𝐸(𝑌1|𝐼 = 1, 𝑝(𝑋)) − 𝐸(𝑌0|𝐼 = 1, 𝑝(𝑋))     (9) 

The PSM technique is portrayed in two steps: firstly, a probability (logit or probit) model for 

binary treatment variable -whether to adopt IndoGAP certification or not- as the selection 

variable conditional on basic characteristics of both treatment (certified) and control 

(uncertified) groups. PSM estimates the propensity score for each observation. Each certified 

farm is matched to an uncertified farm with similar propensity score (for further reading on 

PSM see Abadie & Imbens, 2016). The score estimated in each farm generates the 

probability that will be included in the sample; secondly, certified and uncertified groups are 

balanced through their estimated propensity scores. Both certified and uncertified groups 

can then be compared with respect to the performance based on several matching methods 

such as ‘‘nearest neighbor’’ or ‘‘radius’’ matching. Since similar groups have been found 

conditional on their basic characteristics, the only factor that causes the performance 

difference between them is the treatment variable. The difference in the performance 

between the matched treated and untreated observations follow a t test for the statistical 

significance. 

3.3. RESULTS 

3.3.1. SOCIOECONOMIC CHARACTERISTICS OF THE SAMPLE HOUSEHOLDS  

All sociodemographic variables that are included in the estimations are presented in Table 

3.1, with the means of selected variables by implementation category (1=IndoGAP certified 

farmers, and 0=otherwise). The population of shrimp farmers that implement IndoGAP is 

less than 30% of the total surveyed samples. Certified farmers on average are older, more 
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educated, have an off-farm job, and are more experienced than uncertified farmers, but 

have a smaller household size.  

In terms of farm characteristics, 92 percent of the farmers used a traditional system over 

semi-intensive aquaculture, and 53 percent owned their pond. Regarding input supplies, 

certified farmers used more nauplius8 and fish juveniles and more lime than uncertified 

farmers. The limited use of chemical compounds in aquaculture is a requirement of IndoGAP 

implementation; hence, hazardous compounds are substituted with probiotics. Certified 

farmers are less likely to access outside funding, such as formal loans (banking) and private 

loans, than uncertified farmers. Certified farmers are more likely to have been trained on 

IndoGAP implementation. Also, certified farmers were more likely to family/friend 

relationships with their buyers than credit or no relationships.  

 

TABLE 3.1. DESCRIPTIVE STATISTICS OF VARIABLES INCLUDED IN THE ESTIMATIONS 

Variable 

Adoption category 

All t-statistic Certified 

farmers 

Uncertified 

farmers 

N=53 N=129 N=182  

Adoption status 29 71 100 6.18*** 

Household characteristics     

Age (years) 46.98 45.92 46.23 0.69 

Formal education (year) 12 10 10.54 3.38*** 

Off-farm job  0.49 0.46 0.47 0.4 

Household size (number) 4 5 5 1.29 

Wife income (IDR/month) 839,623 645,736 702,197 0.46 

Farm characteristics     

Ownership of the pond:     

Owner (%)  52.84 54.26 53.84 0.18 

Not owner (%)  47.17 45.73 46.16 0.18 

Profit sharing payment (%) 81.13 77.52 78.57 0.54 

Aquaculture type:     

Monoculture (%)  24.53 26.36 25.82 -0.25 

Polyculture (%)  75.47 73.64 74.18 0.25 

Type of fish (if polyculture):     

Tilapia (instead of Milkfish) 26.42 10.08 14.84 2.86*** 

Input production:     

 

8 Shrimp juveniles; usually measured post larvae (PL) from 6 to 26 days. 
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Variable 

Adoption category 

All t-statistic Certified 

farmers 

Uncertified 

farmers 

N=53 N=129 N=182  

Shrimp stocking (nauplius/ha) 32,204 31,168 31,470 0.18 

Nauplius size (days of post larvae) 14.45 13.04 13.45 2.27** 

Fish stocking (fingerlings/ha) 4,593 4,154 4,281 0.70 

Fertiliser (kg/ha) 7.34 10.59 9.64 0.90 

Lime (kg/ha) 43.83 19.76 4.92 2.25** 

Artificial feed (kg/ha) 185.509 352.03 303.54 1.03 

Total labour ((day x person)/ha) 8.46 10.96 10.23 1.48 

Chemical (%) 16.98 26.36 23.63 1.35 

Funding source for farming:     

External Funding (%) 52.83 55.81 54.94 0.36 

Internal funding (%) 47.17 44.19 45.05 0.36 

Distance to govt office (km) 8.68 7.53 7.86 0.90 

Market destination:     

Collector (%)  41.51 61.24 55.49 -2.46** 

Wholesaler (%) 37.74 30.23 32.42 0.98 

Processor (%) 20.75 8.53 12.09 2.32** 

Buyer support (%) 60.38 47.29 51.10 1.61 

Relationship with buyer:     

Market (%)  15.09 44.96 36.26 3.94*** 

Credit (%)  30.19 41.08 37.91 1.37 

Family/friend (%)  54.72 13.95 25.82 6.26*** 

Training IndoGAP (%) 83.01 28.68 44.50 7.67*** 

Notes: * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

 

Table 3.2 shows that there is no difference in yields of certified and uncertified farmers. Both 

certified and uncertified farmers sold all of their shrimp to buyers because shrimp are high-

value products. Certified farmers produced 40 percent lower fish yields than uncertified 

farmers, but also had 26 percent lower variable costs. Certified farmers produced 10 percent 

less profit than uncertified farmers, and the prices for certified shrimp and fish products 

were lower than uncertified products. Certified shrimp products are bigger but fetch lower 

price than uncertified products. The lower price for certified products may be a result of a 

smaller size of shrimp (see in Table 3.2). This may be because certified shrimp production 

prohibits the use of chemical compounds. Chemical in aquaculture is used to eliminate 

predators and disease-causing bacteria; however, chemical compounds are also poisonous 

to phytoplankton as food source for shrimp (Boyd & Massaut).  
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TABLE 3.2. COMPARATIVE FARM-LEVEL ECONOMIC BENEFITS FROM SHRIMP FARMING 

Variables 

Certified 

farmers 

Uncertified 

farmers All t-statistic 

n=53 n=129 

Pond size (ha) 13.16 5.92 8.02 3.64*** 

Yield of shrimp (kg/ha/year) 100.11 102.30 101.66 0.17 

Shrimp price (‘000 IDR/kg) 81 90 93 2.01** 

Shrimp price based on Market 

destination:     

Collector (‘000 IDR) 79 95 92 –2.44** 

Wholesaler (‘000 IDR) 66 79 74 –2.13** 

Processor (‘000 IDR) 112 91 101 1.68 

Shrimp size (individual/kg) 51.8 55.9 54.7 0.96 

Shrimp revenue (‘000 IDR) 6,868 8,220 7,826 1.78* 

Yield of fish (kg/ha/year)9 151.72 

(n=47) 

255.24 

(n=108) 

225.10 

(n=155) 

1.56 

Fish price (‘000 IDR/kg) 15 13 14 1.72* 

Fish size (ind./kg) 5.2 4.4 4.6 1.92* 

Fish revenue (‘000 IDR) 2,526 4,442 3,884 1.41 

Total revenue (‘000 IDR) 9,386 12,700 11,700 2.18** 

Total variable costs (‘000 IDR) 4,444 6,049 5,582 1.24 

Net profit (‘000 IDR) 2,510 2,776 2,698 0.46 

Variable costs based on Market 

destination:     

Collector (‘000 IDR) 3,999 4,641 4,501 –0.48 

Wholesaler (‘000 IDR) 6,106 9,276 8,202 –1.02 

Processor (‘000 IDR) 2,316 4,168 3,242 –1.65 

Note: Calculations are based on the survey data. Note: USD 1 equal to IDR 13,309.62 when the fieldwork was 

undertaken (January 2017); * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

 

3.3.2. DETERMINANTS OF INDOGAP CERTIFICATION 

The estimated parameters of the probit model for IndoGAP certification are presented in 

Table 3.3. The probit model has a pseudo-R2 of 0.55, the overall rate of correct classification 

is estimated to be 80.22 percent, with 91.47 percent of the normal weight group correctly 

classified (specificity) and 52.83 percent of the low weight group correctly classified 

 

9 Different sample numbers on farms using monoculture and polyculture systems 
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(sensitivity). Overall, nine variables could explain the adoption of IndoGAP certification in 

small-scale shrimp farms in Indonesia. These included the following: age and formal 

education of farmers, the amount of fish juvenile stocking and organic fertilizer, nauplius 

size, Tilapia as the type of fish farmed (instead of Milkfish), processing plants as market 

destination, family/friend relationship with the buyers, and training of IndoGAP. In selection 

model of endogenous switching regression estimation, profit sharing payment also explained 

the adoption of IndoGAP certification.  

From the model, we confirm that age and formal education of shrimp farmers increases with 

preference for IndoGAP certification, as expected. Farmers with higher levels of formal 

education were more accepting of new information, thus increasing the probability of 

accepting new technology or adopting standards, than farmers with lower levels of formal 

education. More educated and experienced farmers were aware of the availability and 

benefits of certification. Some farm characteristics were positively associated with the 

adoption of IndoGAP certification; those include nauplius size, fish stocking, organic 

fertilizer, Tilapia as the type of fish farmed with shrimp, and processing plants as market 

channel. In this model, tilapia has a high elasticity. Tilapia farming has increased in a few 

decades as it is easy to grow; thus, tilapia has a more promising additional income for 

farmers. In addition, Tilapia may enhance production and improve sustainability on 

polyculture farm (Wang & Lu, 2016). It is reasonable to assume that that tilapia may increase 

with preference for IndoGAP certification 

In addition, IndoGAP training increases the probability of  IndoGAP implementation. In terms 

of IndoGAP training, the government promoted IndoGAP certification by hosting training to 

disperse information about IndoGAP implementation. In addition, farmers who interacted 

with governments were more likely to receive specific and new technological information. 

Hence, receiving IndoGAP training provided by the government plays a crucial role in 

determining a farmer’s decision to implement. Pemsl et al. (2006) reported that training on 

technology knowledge increased the preference adoption of aquaculture technology in 

Malawi because the lack of technology knowledge was identified as a significant impediment 

to adopting aquaculture technology.  
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TABLE 3.3. PROBIT ESTIMATES OF THE DETERMINANTS OF IMPLEMENTATION OF INDOGAP CERTIFICATION IN 

SHRIMP FARMING IN SIDOARJO 

VARIABLES Probit Model Marginal Effects ESR Selection (1/0) 

Household characteristics    

age 0.0384* 0.0057** 0.038* 
 (0.020) (0.003) (0.021) 
Off farm job 0.5060 0.0749 0.585 
 (0.380) (0.055) (0.387) 
Formal education 0.1526*** 0.0226*** 0.153*** 
 (0.052) (0.007) (0.051) 
Household size -0.0879 -0.0130 -0.081 
 (0.093) (0.014) (0.101) 
Wife income 0.0000 0.0000 0.000 

 (0.000) (0.000) (0.000) 
Input farming    

Shrimp stocking 0.0000 0.0000 0.000 
 (0.000) (0.000) (0.000) 
Fish stocking 0.0000* 0.0000* 0.000 
 (0.000) (0.000) (0.000) 
Nauplius size 0.1297** 0.0192*** 0.120** 
 (0.052) (0.007) (0.053) 
Lime  0.0038 0.0006 0.004 
 (0.003) (0.000) (0.003) 
Artificial feed -0.0003 -0.0000 -0.000 
 (0.000) (0.000) (0.000) 
Labor -0.0108 -0.0016 -0.013 
 (0.020) (0.003) (0.019) 
Organic fertilizer 0.0033*** 0.0005*** 0.003** 
 (0.001) (0.000) (0.001) 
Inorganic fertilizer -0.0128 -0.0019 -0.015 
 (0.013) (0.002) (0.014) 
Chemical  -0.5783 -0.0856 -0.494 
 (0.412) (0.059) (0.408) 
Farm characteristics    

Polyculture  -0.5511 -0.0816 -0.586 
 (0.439) (0.064) (0.461) 
Tilapia  1.1002** 0.1629** 1.106** 
 (0.487) (0.068) (0.487) 
Profit-sharing payment 0.6838 0.1012 0.751* 
 (0.429) (0.062) (0.441) 
Buyer    

Wholesalers  0.6468 0.0957* 0.572 
 (0.397) (0.058) (0.392) 
Processing plant 0.8815* 0.1305* 0.793 
 (0.535) (0.077) (0.545) 

Buyer support -0.2864 -0.0424 -0.290 
 (0.357) (0.053) (0.376) 
Distance to gov. office  -0.0042 -0.0006 -0.001 
 (0.019) (0.003) (0.021) 
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VARIABLES Probit Model Marginal Effects ESR Selection (1/0) 

Internal funding -0.4707 -0.0697 -0.509 
 (0.353) (0.051) (0.355) 
Relation family/friend 1.5049*** 0.2228*** 1.375*** 
 (0.426) (0.054) (0.471) 
Relation creditor 0.4467 0.0661 0.296 
 (0.465) (0.068) (0.538) 
Training IndoGAP 2.0277*** 0.3002*** 2.022*** 
 (0.409) (0.043) (0.406) 
Constant -7.9209***  -7.747*** 
 (1.838)  (1.936) 
Log-likelihood -80.393058  -961.70524 
Pseudo-R2 0.2677   
LR chi2(25) 58.79***  118.64*** 
Sensitivity 52.83%   
Specificity  91.47%   
Correctly classified 80.22%   
Number of observations 182   

Notes: Calculations are based on the survey data. Standard errors are in parentheses; * Significant at 10%, ** 

Significant at 5%, *** Significant at 1%. 

 

     

The relationship between farmers and their buyers seems important for IndoGAP 

certification. In relationship between farmers and their buyers, family/friend relationships 

had a positive association with the probability of IndoGAP certification. Family/friend 

relationships are opposite to market relationships. The actors’ identities on the transaction 

where market relation occurred are irrelevant (Williamson, 1991); consequently, farmers 

who had a market relationship with their buyers were not encouraged to adopt the 

certification than family/friend relation. 

3.3.3. IMPACT OF INDOGAP IMPLEMENTATION 

To estimate the effects of IndoGAP certification, we specified five functions for the certified 

and uncertified regimes on a per hectare (ha) basis (yields and all inputs are measured per 

ha in one period growing): shrimp production, fish production, total revenue, variable costs, 

and net profit. The fish production function was also estimated because shrimp is farmed 

with fish to improve the ecological condition of the pond (Milstein, 1992). We used the Wald 

test to establish whether the Cobb–Douglas specification without input interaction terms or 

the translog with input interactions was more appropriate. The null hypothesis in favour of 

the Cobb–Douglas specification could not be rejected. In addition to the inputs used in 
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shrimp farming, other explanatory variables are included to control for differences regarding 

farm characteristics and human capital.  

Table 3.4. Falsification test on the validity of sample selection 

Indepen-
dent 
variables 

Dependent variables 

Model 1 Model 2: Uncertified IndoGAP farmers (N=128) 

IndoGAP 
implementa-

tion (1/0) 

Shrimp 
prod. (kg/ha 

/cycle) 

Fish prod. 
(kg/ha 
/cycle) 

Total revenue 
(IDR/ha/ cycle) 

Variable 
costs 

(IDR/ha/ 
cycle) 

Net profit 
(IDR/ha/ 

cycle) 

Relationship with buyer      

- Family/ 
friend  

1.505*** -2.911 50.716 476,460 620,836 -313,923 

(0.426) (12.22) (43.807) (1,294,134) (656,822) (1,050,670) 

- Creditor 0.447 -10.885 102.066*** 1,583,640 -303,515 950,242 
 (0.465) (10.425) (37.37) (1,103,969) (560,306) (896,280) 

Training 2.028*** 6.254 -24.126 -2,099,478** -444,310 -1,470,384* 
 (0.409) (9.325) (33.426) (987,460) (501,174) (801,690) 

Constant -7.921*** 117.183*** -16.198 11,086,110*** 1,095,483 4,199,192 
 (1.838) (36.303) (130.136) (3,844,456) (1,951,208) (3,121,202) 

Wald test X2120.74*** 15.86*** 52.95*** 27.07*** 88*** 1.44 
Pseudo-R2/   
R-squared 0.5499 

0.794 0.928 0.868 0.955 0.258 

Notes: Calculations are based on the survey data. Model 1 is estimated using a probit method and Model 2 is 

estimated using OLS; SAMPLE SIZE IS 182 FARMERS; Standard errors are in parentheses; * Significant at 10%, ** 

Significant at 5%, *** Significant at 1%. 

 

In the ESR framework, the regime equations are estimated jointly with a criterion function 

that explains which regime a observation would fall in. Proper identification requires that 

the criterion function should contain all variables from the regime equations plus at least 

one instrument (Lokshin & Sajaia, 2004). We used farmer participation in IndoGAP training 

and the relationship between farmers and the buyers as the instruments, which were 

correlated with individual adoption behaviour. IndoGAP training provides information about 

public certification for aquaculture farmers. The trainings were provided by the governments 

and was open to all farmers; the farmers had the option to choose to adopt certification or 

not after the training. The target group was farmers living in villages as their involvement 

can influence the decision to implement IndoGAP certification. IndoGAP training is not 
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correlated with farm performance. Tests for the instrument variables were confirmed with 

the falsification test (Table 3.4).  

Vertical relationships between farmers and their buyers are important because social and 

economic embeddedness is a critical determinant of technological adoption. The vertical 

relationship is another variable that could serve as a proxy for the farmer's decision to 

implement FSS and could, therefore, reflect the social or economic behaviour influencing the 

farmer’s strategy and management of safety risk. To the best of our knowledge, few studies 

have introduced vertical relationships in adoption models to indicate the impact of FSS 

implementation. Table 3.4 shows that the relationships between farmers and their buyers 

(family/friend relationship, credit relationship) can be considered as valid selection 

instruments: they are jointly statistically significant drivers of the decision to implement or 

not implement IndoGAP certification (Model 1, p<0.000) but have no significant impacts on  

the equations of outcomes of interest  for those that did not adopt (e.g. Model 2 for 

family/friend relation and credit relation for shrimp yield p=0.812 and p= 0.299 respectively, 

and IndoGAP training p=0.504). 

(i) Estimates of the ESR function 

The regression results are discussed briefly because the focus of this chapter was to measure 

the impact of IndoGAP implementation on shrimp farming practice. The OLS estimation 

results is provided in the Appendices 3A.2. The ESR estimates for shrimp yield, fish yield, 

total revenue, variable costs and net profit are provided in Table 3.5. The Wald ꭓ2 test 

statistics show that the independent variables are jointly statistically significant (p<0.000). 

The values for sigma are statistically significant in the outcome equations. This implies that 

selection bias is present, which justifies the use of ESR.  

The lower part of Table 3.5 presents the estimated covariance terms together with the 

results from the Wald test of joint independence for all equations (Fuglie & Bosch, 1995; 

Lokshin & Sajaia, 2004). The coefficients of the correlation terms ρj do not significantly differ 

from zero. The statistical results suggest that the hypothesis for the absence of sample 

selectivity bias cannot be rejected. However, differences in the coefficients of all functions 

(shrimp and fish production, total revenue, variable costs, and net profit functions) between 
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certified and uncertified farmers illustrate the presence of heterogeneity in the sample (σj), 

which would cause bias if not controlled for. 

For the shrimp production function, profit sharing payment had the greatest production 

elasticity in the certified regime, whereas polyculture system had the greatest production 

elasticity in the uncertified regime. Shrimp juvenile stocking (nauplius) had a similar positive 

relationship in both regimes. In other words, both certified and uncertified farms that use 

more nauplius are likely to produce more shrimp than those who use fewer nauplius. 

Household size, the amount of organic fertiliser and buyer support had a positive 

relationship with shrimp production for certified farmers, while wife income, labor and 

wholesaler as market channel had a positive relationship with shrimp production for 

uncertified farms. Consistent with the prediction of economic theory, inputs are significantly 

associated with an increase in the quantity of shrimp produced per hectare. Nevertheless, 

off farm job, the amount of artificial feed, profit sharing payment and processing plants as 

market channel had a negative relationship with shrimp production for certified farms, while 

age and polyculture system had a negative relationship with shrimp production for 

uncertified farms. Younger uncertified farmers were more likely to produce greater yields 

than older uncertified farmers.  

For the fish production function, artificial feed increased fish production in both certified and 

uncertified regimes, whereas the use of chemical compound decreased fish production in 

both regimes. In addition, labour increased fish yield in the certified regime, while formal 

education, polyculture system, distance to government office increased fish yield in the 

uncertified regime. However, shrimp juvenile stocking (nauplius) had a negative relationship 

with fish yield in the uncertified regime. Similar to shrimp yield function, nauplius stocking 

and labor had similar positive relationships in both regimes for total revenue function. 

Moreover, household size and organic fertilizer had similar positive relationships in both 

certified and uncertified regimes for total revenue function. Buyer support had a positive 

relationship with total revenue for certified farmers, while formal education, artificial feed, 

labor and tilapia had a positive relationship with total revenue for uncertified farms. 

However, age of farmers, polyculture system and profit-sharing payment had a negative 

relationship with total revenue for uncertified farms. 
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Next, we estimated the factors that determine variable costs and net profit at the household 

level, differentiating between certified and uncertified farmers. For the regime equations, 

we considered various possible functional forms. The variable cost function is important 

because some costs that emerged are due to the requirements of the certification. Whether 

the transaction occurred or not depended on the characteristics of the standards. For 

IndoGAP implementation, some costs emerged, with some decreasing due to the 

requirements. For example, chemical use is not allowed and is substituted with probiotics 

made from tea leaves to eliminate predators. In addition, farmers are required to build a 

proper warehouse to store farm inputs to avoid contamination; consequently, the 

investment may influence the net profit of shrimp farming. Consistent with the predictions 

of cost function, inputs are significantly associated with an increase in costs. The amount of 

artificial feed total labour and organic fertilizer increased the variable costs in both regimes. 

Moreover, wholesaler as market channel increased the variable costs in both regimes, 

whereas internal funding decreased the variable costs in both regimes. Nauplius stocking 

increased the variable costs in certified regime, while formal education, household size, fish 

juvenile stocking and profit-sharing payment had a positive relationship with the variable 

costs of uncertified farmers. Nevertheless, inorganic fertilizer had a negative relationship 

with variable costs in the certified regime, while buyer support had a negative relationship 

with variable costs in the uncertified regime.  

For net profit outcome, the amount of artificial feed decreased profit for both regimes. 

Organic fertilizer had a positive relationship with profit in the certified regime, while tilapia 

and distance to government office had a positive relationship with profit in the uncertified 

regime. Wife income and polyculture had a negative relationship with profit for uncertified 

farmers.  



CHAPTER 3. CAN PUBLIC FSS BENEFIT SMALL-SCALE FARMERS? 

 PAGE | 92 

TABLE 3.5 ENDOGENOUS SWITCHING REGRESSION RESULTS FOR FARM PERFORMANCE 

Variables 
Shrimp yield Fish yield Total revenue Variable cost Net profit 

Certified Uncertified Certified Uncertified Certified Uncertified Certified Uncertified Certified Uncertified 

age 0.507 -1.098*** -0.927 -0.526 3,696 -96,931** -10,039 -29,363 -9,197 9,785 
 (0.827) (0.417) (1.807) (1.535) (70,888) (45,022) (22,918) (22,297) (50,685) (37,070) 
Formal education -1.043 -1.820 0.583 11.916*** 140,062 213,134* -88,850 132,491** 132,056 -12,151 
 (2.816) (1.151) (6.076) (4.079) (241,304) (119,974) (77,814) (59,499) (171,826) (99,926) 
Off farm job -30.346** 8.144 -8.138 11.029 -1,029,402 832,303 -69,941 354,948 -65,336 421,442 
 (14.564) (7.192) (33.207) (26.771) (1,312,182) (782,158) (415,358) (387,313) (944,517) (635,636) 
Household size 8.001* -1.060 -4.032 7.672 641,307* 398,700* 123,010 236,241** 362,646 66,894 
 (4.106) (2.102) (9.362) (7.667) (370,383) (224,461) (117,793) (111,590) (265,260) (182,752) 
Wife income -0.000 0.000*** 0.000 0.000 -1 -0 -0 -0 -0 -0*** 
 (0.000) (0.000) (0.000) (0.000) (0.440) (0.142) (0.146) (0.070) (0.311) (0.117) 
Shrimp stocking 0.001*** 0.002*** 0.001 -0.001** 92*** 34*** 40*** 2 22 2 
 (0.000) (0.000) (0.001) (0.000) (19.828) (11.802) (6.358) (5.833) (14.250) (9.582) 
Fish stocking -0.000 -0.000 0.000 0.001 -13 2 -1 26*** -15 -3 
 (0.000) (0.000) (0.000) (0.001) (13.380) (14.751) (4.116) (7.298) (9.509) (12.222) 
Nauplius size 4.083 -0.230 4.182 -1.272 242,601 87,924 -42,102 7,278 -13,790 56,738 
 (2.842) (0.964) (6.036) (3.585) (240,930) (104,725) (74,613) (51,810) (174,704) (85,312) 
Lime  -0.039 0.192 -0.284 0.388 -10,565 1,946 5,359* 11,289* -8,610 5,245 
 (0.107) (0.126) (0.240) (0.447) (9,590) (13,091) (3,030) (6,489) (6,887) (10,501) 
Artificial feed -0.065** -0.004 0.214*** 0.372*** -1,428 7,011*** 7,028*** 7,337*** -8,727*** -793** 
 (0.028) (0.004) (0.064) (0.014) (2,524) (400.751) (800.962) (199.090) (1,816) (334.017) 
Labor 0.224 1.668*** 5.630** 1.033 120,942 189,406*** 111,034*** 74,011*** -99,366 38,924 
 (1.140) (0.309) (2.542) (1.146) (101,552) (33,557) (31,661) (16,549) (72,237) (27,414) 
Organic fertilizer 0.268** 0.037 0.262 0.030 24,484** 5,733* 5,806* 3,289** 16,979** -831 
 (0.107) (0.028) (0.244) (0.103) (9,606) (3,003) (3,071) (1,479) (6,892) (2,461) 
Inorganic fertilizer 0.951 -0.224 0.505 -0.216 83,477 -6,045 -56,588*** -3,544 47,605 7,827 
 (0.753) (0.161) (1.716) (0.600) (67,240) (17,510) (21,197) (8,659) (48,266) (14,355) 
Chemical  25.481 10.594 -82.490* -89.181** -91,506 -1,384,496 -358,495 -282,213 1,464,028 877,930 
 (21.981) (10.359) (47.254) (38.455) (1,916,324) (1,125,099) (598,410) (559,191) (1377788) (908,102) 
Polyculture 31.330 -27.762*** 66.087 62.717** 3,012,132 -2,026,857** 149,614 223,211 2,245,091 -1,798,450** 
 (22.536) (8.327) (48.997) (30.944) (1,953,256) (903,884) (619,968) (446,431) (1,414,360) (742,186) 
Tilapia 8.918 5.731 9.714 82.981 -1,035,989 3,110,816** 960,203 -123,790 -180,462 2,343,071* 
 (26.353) (14.617) (60.115) (51.862) (2,368,376) (1,521,888) (772,916) (757,617) (1702809) (1233425) 
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Variables 
Shrimp yield Fish yield Total revenue Variable cost Net profit 

Certified Uncertified Certified Uncertified Certified Uncertified Certified Uncertified Certified Uncertified 
Profit-sharing  -44.311** -1.941 16.179 5.825 -2,248,293 -1,611,058* -641,053 807,488* -1,755,586 -893,143 
 (17.929) (9.029) (38.930) (32.647) (1,570,292) (955,780) (489,948) (475,202) (1123975) (784,136) 
Wholesalers  18.088 17.126* 16.162 -37.261 816,723 347,861 1,018,606** 968,023* 1,386,055 -372,539 
 (16.612) (10.087) (37.619) (35.556) (1,481,458) (1,026,804) (468,356) (516,380) (1,061,650) (845,496) 
Processing plant -42.362** -4.372 -6.900 19.564 -2,252,913 1,500,629 67,464 127,377 -701,671 423,024 
 (19.580) (14.004) (44.089) (50.983) (1,766,236) (1,482,922) (560,510) (741,098) (1,280,661) (1,189,428) 
Buyer support 27.027* -3.870 8.857 12.680 2,408,474* -242,013 251,011 -884,022* 1,617,577 303,339 
 (15.599) (8.458) (35.425) (31.165) (1,392,497) (914,758) (448,796) (452,964) (996,807) (771,209) 
Gov. office dist. 0.725 -0.489 -1.457 6.122*** 51,528 71,188 33,115 -14,564 -54,479 95,679** 
 (0.909) (0.498) (2.028) (1.850) (79,442) (53,976) (26,273) (26,685) (56,904) (44,110) 
Internal funding -13.186 2.730 -35.969 2.266 -1,524,848 -253,191 -950,687** -927,216** -846,961 719,787 
 (15.515) (7.427) (34.946) (27.695) (1,375,820) (809,821) (435,621) (399,512) (990,691) (668,858) 
Constant -32.637 125.357*** -11.806 -58.308 -2,974,399 8,578,058** 2,065,711 426,063 1,342,357 2,092,858 
 (97.450) (32.010) (186.585) (118.957) (7,630,290) (3,478,912) (2,393,880) (1,719,816) (5,472,626) (2,837,870) 
σj (Sigma) 3.664*** 3.586*** 4.484*** 4.905*** 15.076*** 15.185*** 13.932*** 14.475*** 14.749*** 14.996*** 
 (0.105) (0.069) (0.099) (0.070) (0.106) (0.067) (0.111) (0.064) (0.108) (0.074) 
ρj (Rho) -0.265 -0.437 0.222 0.632* -0.361 0.514* 0.466 0.303 -0.384 0.923* 
 (0.562) (0.478) (0.329) (0.361) (0.434) (0.296) (0.421) (0.301) (0.413) (0.509) 

Notes: Calculations are based on the survey data. Standard errors are in parentheses; * Significant at 10%., ** Significant at 5%., *** Significant at 1%. 
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Table 3.6 presents estimates of the expected farm performance under actual and 

counterfactual conditions from the ESR model. The results show that IndoGAP 

implementation has a positive impact on shrimp yield. Shrimp yield is on average 12 kg 

higher than it would be had the certified small-scale farmers not adopted IndoGAP. The 

results illustrate that, while both certified and uncertified shrimp farmers achieve a high 

production yield in kg/ha/period of measurement, it is higher for certified farmers.  

TABLE 3.6. AVERAGE EXPECTED OUTCOMES PER HECTARE; ACTUAL AND COUNTERFACTUAL EFFECTS 

Means of outcome 

variable 

Farm household—type and 

treatment effects 

Decision stage Average 

treatment 

effects To adopt 

Not to 

adopt 

Shrimp production 

(kg/cycle/ha) 

Farmers that adopt (ATT) 100.09 87.98 12.12* 

Farmers that did not adopt (ATU) 98.62 102.34 -3.71 

Fish production 

(kg/cycle/ha) 

Farmers that adopt (ATT) 151.82 314.61 -162.79*** 

Farmers that did not adopt (ATU) 169.25 255.39 -86.14*** 

Total revenue 

(IDR /cycle/ha) 

Farmers that adopt (ATT) 9,386,573 13,700,000 -4,358,852*** 

Farmers that did not adopt (ATU) 10,200,000 12,700,000 -2,519,442** 

Variable costs 

(IDR /cycle/ha) 

Farmers that adopt (ATT) 4,445,261 5,916,189 -1,470,928*** 

Farmers that did not adopt (ATU) 5,031,581 6,002,571 -970,990*** 

Net profit 

(IDR /cycle/ha) 

Farmers that adopt (ATT) 2,508,729 5,047,982 -2,539,253*** 

Farmers that did not adopt (ATU)  1,657,763 2,778,185 -1,120,422 

Notes: Calculations are based on the survey data. * Significant at 10%, ** Significant at 5%, *** Significant at 
1%. 

 

In contrast, IndoGAP certification had a negative relationship with fish yield, total revenue, 

variable costs and net profit. The fish yield of certified farmers would have been significantly 

higher, by 162 kg/ha/period on average, had they not adopted IndoGAP, and the fish yield of 

uncertified farmers would have been significantly lower, by 86 kg/ha/period on average, had 

they adopted IndoGAP. The lower fish yield for IndoGAP implementation is affirmed by a 90 

percent reduction in artificial feed use in certified farmers, relative to uncertified farmers, 

despite certified farmers having 40% more fish juveniles than uncertified farmers (Table 3.1). 

These negative results of shrimp and fish yields decreased total revenue and net profit in the 

certified regime, despite IndoGAP certification alleviating variable costs. Certified farmers 
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would have lower total revenue and net profit on average had they not adopted the 

certification, and uncertified farmers would have significantly higher total revenue and net 

profit on average had they adopted the certification. 

(ii) Propensity Score Matching 

The robustness of the ESR is checked by the PSM model, as detailed in Tables 3.7 and 3.8. 

This check is suitable in this research because no significant influence of unobservable 

factors on the selection model was found. Since there was no endogenous switch, the 

results should not change. The PSM assumes selection on observable factors only, which is 

manifested in the conditional independence assumption (CIA), i.e. that potential outcomes 

are independent of the technology choice conditional on covariates Z.  

The results of the ATT for the PSM are shown in Table 3.7. Even though the magnitudes of 

the ATT estimates using the PSM method differ from those in the ESR technique, the 

qualitative results are relatively similar. The results for ATT generated from the PSM are 

slightly lower than for ATT generated by the ESR. For shrimp yield, the ATT results differ 

from the ESR result; certified farmers produced 43 percent higher shrimp yields per hectare, 

depending on the matching algorithm that was used, than uncertified farmers. For fish yield, 

the results varied depending on the matching algorithm that used; these results were similar 

to the ESR model and significant.  
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TABLE 3.7. SUMMARY OF RESULTS ATT 

Outcome PSM 
Mean of 

treated 

Mean of 

control 

group 

ATT 

Shrimp 

production 

(kg/ha/cycle) 

Nearest-neighbour matching (2) 100.11 143.46 -43.35*** 

Nearest-neighbour matching (5) 100.11 112.53 -12.42 

Kernel biweight matching 102.51 122.30 -19.78 

Fish production 

(kg/circle/ha) 

Nearest-neighbour matching (2) 151.72 251.18 -99.46*** 

Nearest-neighbour matching (5) 151.72 225.07 -73.35*** 

Kernel biweight matching 156.43 252.83 -96.40*** 

Total revenue 

(IDR/ha/cycle) 

Nearest-neighbour matching (2) 9,385,805  14,600,000  -5,233,423 *** 

Nearest-neighbour matching (5) 9,385,805  12,400,000  -2,999,420***  

Kernel biweight matching 9,663,061  13,500,000  -3,861,797***  

Variable costs  

(IDR/ha/cycle) 

Nearest-neighbour matching (2) 4,444,459  5,653,578  -1,209,118  

Nearest-neighbour matching (5) 4,444,459  5,160,083  -715,623  

Kernel biweight matching 4,575,132  5,330,657  -755,525  

Net profit 

(IDR/ha/cycle) 

Nearest-neighbour matching (2) 2,509,594  4,010,177  -1,500,583** 

Nearest-neighbour matching (5) 2,509,594  2,809,348  -299,754  

Kernel biweight matching 2,603,016  3,579,108  -976,092*  

Notes: Calculations are based on the survey data; * Significant at 10%, ** Significant at 5%, *** Significant at 
1%. 

 

For the total revenue function, the results revealed similar results to the ESR model. 

Negative values of ATT were delivered, which were significant for all matching algorithms. 

Table 3.7 shows that the PSM estimates negative ATTs for variable costs; however, these 

results are insignificant. For net profit estimates, nearest neighbour matching-2 (NNM2) and 

kernel biweight (KBW) generated similar results to the ESR model, but nearest neighbour 

matching-5 (NNM5) generated insignificant ATT. 

Before proceeding to the ATT estimates, the quality tests of the matching method are 

presented in Table 3.8, showing a decline in the value of pseudo-R2 from 0.268 (before 

matching) to a relatively low 0.037–0.109 (after matching), indicating that after matching 

there were no systematic differences in the distribution of covariates between both groups. 

The pseudo-R2 indicates how well the regressors explain the participation probability. The 
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mean bias also declined to 7.9-15.8 in the matching process. The graph of propensity score 

distribution and common support can be seen in Appendix 3A.1. 

Furthermore, the p-values of the likelihood ratio tests show that the covariates are jointly 

significant before matching (p<0.000) but not significant after matching (p-value 0.813–

1.000). The t-test results were insignificant after matching for all covariates at nearest 

neighbour matching (NNM2). The low pseudo-R2, low mean standardised bias, high total bias 

reduction, and insignificant p-values of the likelihood ratio test after matching suggest that 

the specification of the propensity score estimation process was successful in terms of 

balancing the distribution of covariates between certified and uncertified farmers. 

 

TABLE 3.8. MEAN BIAS. PSEUDO-R2. AND LIKELIHOOD RATIO BEFORE AND AFTER MATCHING 

Algorithm Sample Pseudo-R2 LR ꭓ2 p > ꭓ2 
Mean 

bias 

Total % bias 

reduction 

Nearest-neighbour 

matching (2) 

Unmatched 0.268 58.79 0.000 21.5 
26.51 

Matched 0.109 16.05 0.813 15.8 

Nearest-neighbour 

matching (5) 

Unmatched 0.268 58.79 0.000 21.5 
63.26 

Matched 0.037 5.45 1.000 7.9 

Kernel biweight  

matching 

Unmatched 0.268 58.79 0.000 21.5 
45.12 

Matched 0.061 8.42 0.996 11.8 

Notes: Calculations are based on the survey data. 

 

3.4. CONCLUSION AND POLICY IMPLICATIONS 

This study has empirically analysed factors influencing compliance with IndoGAP certification 

in shrimp farms in Indonesia. It has revealed that compliance with the certification is 

positively influenced by farmers’ age and formal education, and is associated with shrimp 

farming characteristics such as nauplius size, type of fish farmed and lime utilisation. The 

study has also examined some of the major constraints farmers face when complying with 

the certification. Family/friend relationship between farmers and the buyers were found to 

be a major drive on compliance. In addition, training on IndoGAP increased the probability of 

IndoGAP compliance. The results offer suggestions for targeting farmers who are likely to 

comply with the certification. Increasing the number of IndoGAP certification on farm level 

needs government intervention through approaching younger and less educated farmers. In 
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addition, increasing number of information dispersion about IndoGAP certification is 

essential to increase the compliance of IndoGAP certification.  

The results from the ESR that accounts for potential endogeneity and selection bias show 

that adoption of IndoGAP certification would reduce variable cost, fish yield, total revenue 

and profit. Adoption of certification would increase yield for non-IndoGAP farms. Despite the 

negative impacts of IndoGAP certification on revenue and profit, both IndoGAP and non-

IndoGAP farms achieve positive net profits on average. Average profits for IndoGAP and 

non-IndoGAP farms are USD 2.2 and USD 2.6 per kg, respectively; this finding is consistent 

with the results from Shang et al. (1998) that shrimp farms in Indonesia generated profits of 

USD 2.98 per kg.  

Conditional on having chosen IndoGAP certification, we find that certified farms were less 

profitable than non-IndoGAP farms, and certified farms has less revenue than uncertified 

farms. The reason lies in the shrimp price received by certified farms was significantly lower 

than uncertified farms. The lower price received by certified farms might because of the 

vertical relationship between farmers and shrimp buyers. Number of certified farms who 

had market relation with their buyers was significantly lower than uncertified farms while 

shrimp price is significantly higher when market relation occurs; hence, revenue from shrimp 

is lower at certified farms compares to uncertified farms. The ATT of variable costs Lower 

cost effect of certified farms could not escalate the net profit of certified farms since 

certification could not increase price shrimp. Different prices of certified and uncertified 

products were not impacted by IndoGAP certification but due to social relation between 

farmers and shrimp buyers. While our results are largely in line with vertical relation 

between small-scale farms and shrimp buyers in that they show an increase in shrimp price 

for market relation, the price differences between certified and uncertified products have 

not been estimated explicit using ESR previously. 

The negative impacts of IndoGAP on the profit of shrimp farms should not be interpreted 

that public certification is not beneficial. IndoGAP certification offers promise for improving 

farm performance if FSS is implemented at every level of supply chain. This calls for the need 

to enforce the implementation of FSS certification at intermediary level. The integrated FSS 

implementation in the shrimp supply chain may improve market access of certified supplies 

and would directly enhance the number of certified shrimp farms. Implementation of FSS at 
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every level of supply chain shall improve traceability of shrimp products so that 

competitiveness of Indonesian shrimp may increase at global market. Consequently, the 

welfare of small-scale shrimp farms may increase. In addition, improving the relationship 

between farmers and their buyers is needed to enhance bargaining power of small-scale 

farms. Enhancing the capacity of farmers is crucial for improving farmers’ bargaining power 

through better access to formal credit. Promoting farm cooperatives is also valuable for 

small-scale farmers to facilitate capital for farm inputs. Furthermore, farm cooperation may 

provide market alternatives for farmers since most of cooperatives in Indonesia provide 

capital for farming operation in fisheries sector (Yulisti & Triyanti, 2012; Pamungkas et al., 

2015; Paratama, 2020). Cluster certification is another option for small scale shrimp farms to 

enhance food safety system in Indonesia. The cluster certification aims to gather shrimp 

farms into a group to take actions to minimize risks of food safety hazards and to share farm 

information. Through cluster certification some risks can be controlled jointly such as 

diseases, water management, seed and feed management and reduce certification costs, 

and information can be shared as a group such experience of failure, documentation as well 

as capacity building.  

This result should not be generalised because this analysis is specific to shrimp farmers in 

Sidoarjo Indonesia. Certification on aquaculture practice is important to enhance 

competitiveness of fisheries products to enter global market. IndoGAP is a good for fish 

farming to produce good quality and safe fish products that are free of chemicals and 

biological contamination (MMAF, 2007). In addition, IndoGAP certification helps the farms to 

operate more effectively and efficiently by minimising the risk of failure, improving customer 

assurance, ensuring export opportunities and being environmentally friendly.  
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APPENDIX 3A.2. REGRESSION MODEL FOR THE EFFECT OF INDOGAP IMPLEMENTATION ON FARM PERFORMANCE IN SHRIMP SUPPLY CHAIN IN INDONESIA   

Variables 
Shrimp yield Fish yield Total revenue Variable cost Net profit 

Certified Uncertified Certified Uncertified Certified Uncertified Certified Uncertified Certified Uncertified 

age 0.641 -1.043** -1.196 -0.773 16,703 -104,860** -17,213 -31,518 -526 -3,046 
 (0.905) (0.430) (2.367) (1.497) (69,320) (46,262) (25,017) (27,190) (45,182) (45,324) 
Off farm job -30.018 7.907 -9.458 13.082 -969,020 872,337 -97,129 374,405 -1,684 471,344 
 (20.480) (7.907) (47.246) (28.336) (1,749,857) (892,953) (456,822) (390,649) (1212074) (680,082) 
Formal education -0.414 -1.427 -0.723 10.113** 212,012 162,669 -121,568 118,174 183,406 -83,723 

(2.769) (1.180) (8.580) (4.734) (316,396) (137,801) (115,315) (72,663) (214,095) (91,150) 
Household size 7.964 -1.376 -3.448 8.222 606,136 421,630 140,490 244,816 349,309 111,706 

(5.313) (2.347) (12.624) (10.191) (424,209) (314,036) (162,155.767) (184,868) (326,981) (224,811) 
Wife income -0.000 0.000** -0.000 0.000 -0 -0 -0 0 -0 -0*** 
 (0.000) (0.000) (0.000) (0.000) (0.499) (0.120) (0.222) (0.059) (0.352) (0.097) 
Shrimp stocking 0.001*** 0.002*** 0.001 -0.001** 94*** 36*** 39*** 2 24 4 

(0.000) (0.000) (0.001) (0.000) (22.529) (12.857) (8.292) (7.694) (17.035) (10.481) 
Fish stocking -0.000 -0.000* -0.000 0.001 -9 0 -3 26*** -12 -6 
 (0.000) (0.000) (0.000) (0.001) (9.985) (13.774) (3.986) (7.669) (8.366) (18.674) 
Nauplius size 4.524 -0.174 3.471 -1.796 285,877 74,454 -53,076 2,959 20,727 43,565 
 (3.058) (0.836) (9.217) (2.945) (364,492) (75,238) (80,951) (36,426) (260,099) (66,111) 
Lime  -0.029 0.237 -0.304 0.144 -9,185 -3,737 4,731 9,817 -7,525 -2,160 
 (0.103) (0.207) (0.223) (0.450) (10,239) (17,068) (2,815) (7,946) (7,907) (11,213) 
Artificial feed -0.066 -0.005 0.216*** 0.380*** -1,513 7,206*** 7,160*** 7,394*** -8,836*** -537 
 (0.041) (0.004) (0.074) (0.031) (3,274) (558.310) (971.831) (230.388) (2,511) (577.050) 
Labor 0.347 1.624*** 5.451 1.234 140,404 195,569*** 103,581** 75,781** -87,733 45,742** 
 (1.517) (0.320) (3.958) (0.950) (144,196) (31,154) (48,349) (31,585) (86,696) (20,060) 
Organic fertilizer 0.263 0.041*** 0.277 0.006 23,683** 5,125** 6,368* 3,121** 16,716** -1,617 

(0.172) (0.012) (0.358) (0.055) (10,966) (2,071) (3,557) (1,444) (7,727) (1,997) 
Inorganic fertilizer 0.982 -0.236 0.424 -0.168 85,625 -4,973 -58,239** -2,989 47,885 9,148 

(0.728) (0.201) (2.005) (0.565) (76,832) (16,683) (27,995) (11,8123) (57,995) (14,982) 
Chemical  21.405 10.722 -75.496 -88.190** -663,959 -1,389,550 -128,836 -287,984 1,021,473 805,247 
 (21.115) (10.125) (56.908) (40.832) (1,703,270) (1,404,870) (821,996) (883,427) (1,309,362) (1,060,376) 
Polyculture 27.213 -27.292*** 74.070 61.440** 2,584,644 -2,049,677** 337,972 215,254 1,893,200 -1,854,883** 
 (17.917) (9.756) (44.787) (26.861) (1,888,552) (952,561) (648,384) (493,078) (1,197,327) (710,396) 
Tilapia 9.760 11.507 6.303 53.615 -863,751 2,322,179 782,731 -347,453 -93,792 1,317,030 
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Variables 
Shrimp yield Fish yield Total revenue Variable cost Net profit 

Certified Uncertified Certified Uncertified Certified Uncertified Certified Uncertified Certified Uncertified 

 (32.881) (17.188) (78.483) (61.783) (2,812,018) (1,908,288) (855,965) (512,380) (2226619) (1,383,376) 
Profit-sharing  -41.401 -3.865 13.305 11.187 -1,949,040 -1,455,244 -763,970 862,861** -1,511,043 -662,995 
 (27.950) (9.507) (61.964) (29.995) (2,557,181) (1,162,222) (781,354) (414,038) (1,946,213) (882,533) 
Wholesalers  17.022 20.836** 18.504 -54.872 746,279 -58,612 1,059,765 835,518 1,372,943 -901,841 
 (19.450) (10.146) (47.070) (39.012) (1,737,375) (1,150,081) (700,647) (572,639) (1,242,704) (944,561) 
Processing plant -40.518* -0.797 -10.561 1.005 -1,979,686 1,120,636 -51,372 3,674 -456,030 25,137 

(23.598) (14.165) (50.226) (58.506) (2,174,128) (1,915,876) (627,597) (1,077,309) (1,592,881) (869,924) 
Buyer support 25.973 -5.070 11.477 18.359 2,273,263 -88,608 351,338 -851,752 1,567,823 602,265 

(19.551) (8.473) (38.742) (29.533) (1,590,966) (1,028,806) (530,052) (541,108) (1260173) (939,648) 
Gov. office dist. 0.835 -0.398 -1.664 5.534*** 61,423 55,645 25,744 -17,935 -48,640 74,761 

(0.755) (0.567) (2.458) (1.793) (130,770) (51,595) (21,678) (24,833) (69,839) (48,540) 
Internal funding -14.411 2.711 -34.424 3.818 -1,576,186 -194,169 -905,010 -926,167** -896,243 827,704 

(18.147) (8.665) (48.168) (27.706) (1,710,131) (910,345) (555,314) (412,886) (1235386) (669,213) 
Constant -60.982 122.458*** 37.798 -35.741 -5,995,404 9,191,135*** 3,308,650 580,916 -942,437 2,930,545 
 (91.359) (33.566) (293.431) (110.927) (10,294,287) (3,342,882) (2,855,365) (1,421,310) (6,858,704) (2,874,970) 
Observations 53 129 53 129 53 129 53 129 53 129 
R-squared 0.694 0.790 0.667 0.922 0.644 0.859 0.925 0.954 0.514 0.219 

Notes: Calculations are based on the survey data. Standard errors are in parentheses; * Significant at 10%., ** Significant at 5%., *** Significant at 1%. 
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CHAPTER FOUR 

 IMPACT OF MARKET CHANNELS ON FARM PERFORMANCE: A CASE STUDY OF 

VERTICAL COORDINATION SHAPED BY FOOD SAFETY STANDARDS 

COMPLIANCE ON SHRIMP FARMING IN INDONESIA  

ABSTRACT 

This chapter analyses the determinants of market channel selection by small-scale shrimp 

farmers in Indonesia and their impact on farm performance (shrimp yield, total revenue, 

variable costs and net profit). Three different markets are investigated: collectors, 

wholesalers and processors. The collector market is characterised by lower buying capacity 

than wholesalers, whereas the processor market represents organic farms. The study 

showed that pond tenure, polyculture system, waterwheel and formal loans are negatively 

associated with selection of processor channel, while bargain process, distance to buyer and 

market relationship are positively associated with selection of this market channel. 

Utilisation of certified nauplius, bargain process and market relationship are negatively 

associated with selection of wholesalers, whereas waterwheel is positively associated with 

selection of both wholesalers and processor channels. The implementation of IndoGAP 

certification does not influence market channel selection. Farmers who market their 

produce through wholesalers or processors produce more shrimp than those who use 

collectors. However, no significant difference is found on farm performance as measured by 

profits based on where marketing channels.  

Keywords: determinants, impacts, market channels, farm performance 

4.1. INTRODUCTION 

Lack of compliance with food safety standards is a key barrier for most small-scale producers 

in developing countries to accessing high-value global markets. Implementing food safety 

standards (FSS) and certification at the farm level is crucial for overcoming this challenge 

(Hou et al., 2015; Idris et al., 2015; Woods et al., 2006). Importer countries often demand 

FSS implementation in the production process to ensure safety and traceability of products 
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to protect their consumers (Ababouch et al., 2005; Henson et al., 2000; Henson & Traill, 

1993). In addition, consumer willingness to pay a premium price increases significantly for 

products that are certified to be safe (Salladarré et al., 2016; Thi Nguyen et al., 2019; Wang 

et al., 2018).  

Despite the higher demand for food safety, FSS compliance impacts smallholder farmers in 

different ways. Barrett et al. (2001), Henson et al. (2011) and Kleemann et al. (2014) argued 

that implementing FSS can help small-scale farmers to improve their income and alleviate 

poverty. However, some scholars argue that implementing FSS does not convey advantages 

to smallholder farmers due to the onerous requirements for farmers, access barriers, 

ambiguous effects on yields, and premium prices that do not compensate for investment 

costs (Jena et al., 2012; Marschke & Wilkings, 2014; Subervie & Vagneron, 2013; Wakamatsu 

& Wakamatsu, 2017). What is limited in the empirical literature is whether FSS 

implementation for small-scale fishery farms improves market access which may influence 

the farm performance. 

To understand the impact of market channels on farm performance, we can consider the 

characteristics of the markets, determinants of market channel selection, and features that 

develop the transaction between farmers and their buyers. Studies have described 

marketing channels as a concise or extensive chain involving intermediaries and processors. 

Numerous empirical studies have documented the involvement of collectors or 

intermediaries and processors in the fisheries value chain where small-scale farmers market 

their products (Ahmed et al., 2007, 2016; Ha et al., 2013; Loc et al., 2010; Macfadyen et al., 

2012). Intermediaries are vital for marketing fisheries products in some developing 

countries, as they bridge the producer and processing plants, and collect the products from 

farmers to sell to consumers, improving the efficiency of the supply chain (Arya et al., 2015). 

Smallholders with low volumes of shrimp and fish cannot market their products directly to 

processors. Moreover, the quality of products from smallholder farms is often of variable 

quality and requires grading and sorting before being distributed to the next level in the 

chain (van Tilburg et al., 2012). Nevertheless, Ahmed et al. (2016) noted that prawn farmers 

in Bangladesh were able to sell their products directly to processors through community-

based organisations.  
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Market channel selection is a decision process by farm producers to choose which buyer in 

the supply chain to sell their products. Trienekens (2011) and van Tilburg et al. (2012) argued 

that market channel selection is determined by infrastructure quality and transportation 

costs, the entrepreneurial ability of farmers and market accessibility. Market channel 

selection can also be influenced by product attributes, prices and frequency of sales. In 

fisheries commodities, this process depends on several factors, including household 

characteristics, product quality, distance to markets, marketing costs, household income and 

price of fish (Nyaga et al., 2016; Nyaupane & Gillespie, 2011). Furthermore, information on 

counterparty identities and interests related to the transaction is relevant for market 

channel selection. For example, capital limitations and infrastructure conditions drive 

producers to sell their products to the nearest collector (Zamroni & Yamao, 2013). Also, 

contract farming is another marketing method for small-scale farmers, as it acts as a 

coordination tool between parties to control product quality and safety, and distribute risk 

between involved parties—firms reduce supply uncertainties to reach economies of scale 

while farmers secure a steady price and income from assured markets (Gulati et al., 2007; 

Iannarelli, 2012; Kirsten & Sartorius, 2002; Setboonsarng, 2008). 

Limited studies have analysed the impact of market channel selection on farm productivity 

and income of small-scale farmers in the fisheries sector. Using descriptive analysis, 

Chowdhury et al. (2017) reported that Bangladesh farmers who sold tilapia to retailer had 20 

percent higher price than those who sold to wholesalers. Solanke et al. (2013) compared 

three different market channels of shrimp farming in India; shrimp farmers who sold directly 

to processing plants and to commission agent had 18 and 6 percent higher prices, 

respectively, than those who sold to an exporter. Trifkovic (2016) analysed market channels 

shaped by vertical coordination and FSS as well as their impacts on the yield of catfish farms 

and their total revenue in Vietnam; vertically integrated farms had higher yields and revenue 

than non-integrated farms due to tight controls in the production process by processing 

companies.  

This study investigated the determinants of market channel selection for fisheries products 

shaped by vertical relationships and FSS, where small-scale farmers are involved. The study 

also investigated the impact of different market channels on small-scale farm performance 

using shrimp farming in Indonesia as measured by yields, total revenue, variable costs and 
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net profit. Selecting the shrimp industry in Indonesia is relevant to the study for three 

reasons: (1) shrimp products are one of the most demanded fisheries products in global 

markets, (2) Indonesia is the third-largest exporter of shrimp products, and (3) compliance 

with FSS implementation has been promoted in the shrimp farming industry in Indonesia.  

This chapter contributes to the literature on the impact of market channel selection where 

vertical relationships and FSS are involved. Unlike study shrimp farmers in Indonesia that 

emphasizes contract of organic standard compliance (Hatanaka, 2014), I estimate the 

determinants of market channel selection in the shrimp supply chain were assessed. 

Moreover, the study documents the impact of market channel selection on the performance 

of smallholder shrimp farms.  

4.2. METHODOLOGY 

4.2.1. DESCRIPTION OF THE STUDY AREA 

The study was conducted in Sidoarjo, East Java, close to Surabaya, one of the largest 

industrial cities in Indonesia. According to the Ministry of Marine Affairs and Fisheries 

(MMAF, 2016), there were 4,145 fish farmers in Sidoarjo in 2015, of which half were owners 

and half were operators. The shrimp farmers include 1,592 traditional farmers and 572 semi-

intensive farmers, covering 15,530 hectares of pond area (Sidoarjo Municipal Authority of 

Marine Affairs and Fisheries, 2016). Traditional farming is a simple shrimp farming practice 

on 0.5–2 hectares of fishpond with a stocking density of less than five fingerlings per m2 

(monoculture) and one fingerling per m2 (polyculture with some fish), and no artificial feed is 

used. Semi-intensive farming is an intense shrimp farming practice on 1 hectare of fishpond 

with 10–30 fingerlings per m2, and artificial feed is given (MMAF, 2016). Shrimp farming is 

usually performed in dry season (April – October) to avoid rainfalls that can cause low 

salinity of the shrimp ponds. Generally, one period of shrimp farming (from seed stocking to 

harvest time) is around 90 days.  

In Sidoarjo, there are 29 collectors and 16 wholesalers (big collectors) who buy aquaculture 

products from farmers (MMAF, 2015). In addition, there were 60 fish processing plants in 

East Java, including 15 in Sidoarjo. 
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4.2.2. DATA TYPE, SAMPLE SIZE AND SAMPLING PROCEDURE 

A survey of shrimp farming households was undertaken between December 2016 and 

February 2017. Primary and secondary data were collected. Initially, the State Office of 

Marine and Fisheries in Sidoarjo provided a list of all shrimp producers in the district. A 

random sampling procedure was used to select samples of farmers from every region in 

Sidoarjo. Three market channels were identified from the survey: i) collectors, ii) wholesalers 

(big collector) and iii) processing plant company (by contract). Cross-sectional data were 

collected from 182 shrimp farming households in the study area. A structured questionnaire 

was used to collect primary data from shrimp farmers at the household level. The household 

survey was conducted by trained enumerators and the author. The questionnaire referred 

the households to the 2016 production period and covered the following information: 

household demographics, farm area, farm equipment, production expenditure, hired labour, 

other inputs and assets, production yields, price, and market destination. As is common in 

farm budget-related surveys in shrimp farming in Indonesia, no attempt was made to collect 

data on family labour because shrimp farming is usually managed by monthly-paid or profit-

shared operators and experienced workers are hired. A semi-structured questionnaire was 

used to collect information from key informants, and field observations were undertaken 

during primary data collection in the study area. Secondary data were collected from the 

Sidoarjo Municipal Authority of Marine Affairs and Fisheries Office and included survey 

reports, bulletins, annual reports and website information. Both published and unpublished 

documents were comprehensively reviewed to support the interpretation of the primary 

data.  

Table 4.1 provides the summary statistics of the variables used in the econometric analysis. 

Explanatory variables included household characteristics, farm characteristics and external 

factors. Socioeconomic variables are prevalent when investigating the influence of different 

factors on market channel selection by a specific group of people. Sociodemographic 

variables such as gender, age, education and household size may influence a farmer’s 

decision to select a specific market (Arinloye et al., 2015; Martey et al., 2012; Wosene et al., 

2019). Furthermore, pond size may influence market channel selection because it reflects 

farmer wealth. Similarly, pond ownership can influence household motivation to use a 

market channel (Hayes et al., 1997). The technology used, such as aquaculture type 
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(polyculture or monoculture) and waterwheels, may correlate with market selection. Huq et 

al. (2004) reported that the polyculture system is more profitable and preferable than the 

monoculture system due to its higher shrimp survival rate. Market channel selection may 

also be influenced by whether a farm implements FSS or not. 

The Indonesian Good Aquaculture Practice (IndoGAP) certification is a public certification for 

aquaculture practice in Indonesia that shrimp farmers can voluntarily chose to implement or 

not. Infrastructure and institutional support, such as distance to the main road, development 

of production pathways and distance to the buyer, are key factors in market channel 

selection because the location of ponds from major markets tends to influence access to 

market information. Relationships with buyers are also important in the selection of market 

channels. Three relationships are portrayed: market (none) relationship, credit relationship 

and family/friend relationship. Market relationships are shaped by shrimp price, whereas 

credit relationships are shaped by loan provision provided by buyers.   

4.2.3. DATA ANALYSIS 

Descriptive statistics and econometric analysis were used to analyse the data obtained from 

sample respondents. The descriptive analysis of household characteristics, farm 

characteristics external factors and farm performance mainly uses frequencies, percentages, 

means and ranges (Tables 4.1 and 4.2), as well as market channels characteristics for shrimp 

farms (Appendix 4A.1). The market channel characteristics are defined by the relationships 

between farmers and their buyers. The econometric analysis focused on modelling market 

channel selection by small-scale farmers and its impact on farm performance (shrimp yield, 

variable costs, revenue, profit). We analysed the factors that influence the decision-making 

process for market channel selection, taking into consideration the need to implement FSS 

and the impact of market channel selection on farm performance and profitability. The 

underlying assumption was that the goal of farms is to maximise profit, and this affects the 

selection of market channel. Empirical evidence indicates that high transaction costs and 

poor farm performance limit the capacity of smallholder farmers to adopt and implement 

FSS at the farm level (Jena et al., 2012). 
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Table 4.1. Descriptive statistics 

Variables Unit Collector Wholesaler Processor ALL 

HH characteristics      

Age Year 45.9 45.8 49.0 46.2 

Formal education Year 10 10.5 12.82 23.6*** 

Off-farm job  Percent 42.6 52.5 50.0 46.7 

Experience Year 19.4 18.5 22.8 19.5 

Farm characteristics      

Pond size Hectare 5.5 7.2 21.9 8.0*** 

Pond owner  Percent 55.44 49.15 59.09 53.85 

Aquaculture type      

Polyculture  Percent 70.3 83.1 68.2 74.2 

Monoculture  Percent 29.7 16.9 31.8 25.8 

Waterwheel  Percent 1.98 52.54 9.09 19.23*** 

Certified nauplius Percent 42.57 22.03 68.18 38.01*** 

IndoGAP certification Percent 21.8 33.9 50.0 29.1** 

Training IndoGAP Percent 39.60 52.54 45.45 44.50 

Funding source      

Formal loan  Percent 18.81 28.81 13.63  21.4 

Private loan  Percent 32.7 39.0 22.7 33.5 

Family/friend Percent 16.83 6.78 18.18 13.74 

Savings Percent 31.68 25.42 45.45 31.32 

Contract   Percent 40.59 69.49 90.91 56.04*** 

Pricing bargain Percent 68.32 59.32 68.18 65.38 

Shrimp size Ind./kg 54 55 50 54 

Main road distance Kilometres 4.36 7.07 7.36 5.60 

Production pathway  Percent 52.47 49.15 54.54 51.65 

Distance to buyer Kilometres 4.1 5.4 13.5 5.7*** 

Relationship with buyers      

No relationship Percent 50.5 15.25 27.27 36.26*** 

Creditor relationship Percent 30.69 55.93 22.72 37.91*** 

Friend relationship Percent 18.81 28.81 50.0 25.82*** 

Notes: Calculations are based on the survey data. Test for equality of three group means, assuming 
homogeneity using mvtest command in Stata; * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 
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TABLE 4.2. FARM PERFORMANCE CHARACTERISTICS 

Variables Unit Collector Wholesaler Processor ALL 

Shrimp yield  kg/ha/period 85.09 130.69 99.91 101.66*** 

Fish yield  kg/ha/period 209.55 285.51 134.44 225.10 

      

Shrimp price ‘000 IDR/kg 91.891 74.373 101.179 87.335*** 

Fish price ‘000 IDR/kg 13.594 14.576 13.455 13.896 

      

Total revenue  ‘000 IDR/ha/period 10,800 13,700 10,900 11,700 

Variable costs  ‘000 IDR/ha/period 4,501 8,202 3,242 5,549*** 

Net profit  ‘000 IDR/ha/period 2,751 2,169 3,876 2,698 

Notes: Calculations are based on the survey data. USD 1 equal to IDR 13,309.62 when the fieldwork was 
undertaken (January 2017); Test for equality of three group means, assuming homogeneity using mvtest 
command in Stata; * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

 

The multinomial logistic regression (MNL) model is used to estimate the factors that 

determine market channel selection. However, the model cannot be used to estimate the 

impact of market channel selection on outcome variables of interest. The model can 

estimate farmer behaviour associated with market channel selection. Since market channel 

selection is dependent on household and farm characteristics and external factors, there is 

potential for an explanatory variable to be correlated with the error term (endogeneity 

problems), which needs to be accounted for in the estimation. To accommodate 

endogenous variables, the two-stage least square (2SLS) model from Angrist & Imbens 

(1995) and multinomial simulated likelihood (MSL) estimators from Deb (2009) and Deb & 

Trivedi (2006) are employed. Instrument variables are involved in both models to justify the 

endogeneity bias. To estimate the outcomes of market channel selection for each shrimp 

farmer i, where a control group is included, we use the following model (Deb & Trivedi, 

2006): 

𝑌𝑖𝑗
∗ =  𝑥𝑖

′𝛽𝑗 + 𝛿𝑗𝑧𝑖𝑗 + 𝑒𝑖𝑗          (10) 

The model implies that 𝑌𝑖𝑗  denotes outcomes which market channel is selected. Four 

outcomes are estimated in this chapter: shrimp yield (first outcome), revenue (second 

outcome), variable costs (third outcome) and net profit (fourth outcome) per hectare per 
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farming period for individual farm i in 2016. 𝑥𝑖 denotes exogenous covariates with 

associated parameters 𝛽𝑗  and 𝑒𝑖𝑗  which are independently and identically distributed error 

terms. 𝑌𝑖𝑗
∗  includes a latent factor 𝑧𝑖𝑗  that incorporates unobserved characteristics common 

to individual i’s treatment choice and outcome. The 𝑧𝑖𝑗  are assumed to be independent of 

𝑒𝑖𝑗. Market channel selection is decided by profit consideration; the decision is probably 

endogenous. Thus, the impact estimation of market channel selection can be considered as 

the causal effect, conditional on the control characteristics in 𝑥𝑖  and zi. The observable 

dependent variable is a function of latent variables, which are independent of the error 

term, and unobserved characteristics that are commonly correlated to individual farmer i’s 

selection of market and outcomes. 

In the first stage, the probability of market channel selection can be represented as: 

𝑃𝑟(d𝑖|𝑥𝑖, 𝑧𝑖) = 𝑓(𝑥𝑖
′𝛽1 + 𝛿1𝑧𝑖1,  𝑥𝑖

′ 𝛽2 +  𝛿2𝑧𝑖2, . . . , 𝑥𝑖
′𝛽𝐽 + 𝛿𝑗𝑧𝑖𝐽)     (11) 

where the market channels are binary variables d𝑖=di1, di2, exogenous variables 𝑥𝑖 are 

observable variables that determine market channel selection, and exogenous variables 𝑥𝑖 

are control variables, including instrument variables. Instrument variables used in this 

research are forms of relation between farmers and their buyers (no relationship and 

creditor relationship) and distance to buyer. The probability distribution of multinomial is 

denoted by 𝑓. Specifically, we assume that 𝑓 has expected outcome 𝑌𝑖  and a mixed 

multinomial logit structure of market channel selection. Function 𝐸(𝑦𝑖|𝑑𝑖 , 𝑐𝑖 , 𝑧𝑖) explains the 

outcome 𝑦𝑖  impacted by unobserved characteristics that also impact market channel 

selection for each latent factor 𝑧𝑖𝑗. The expected outcome equation for individual farmer i, 

i=1,2, ... n is represented as:  

𝑔(𝑦𝑖|𝑐𝑖 , 𝑑𝑖 , 𝑧𝑖) =   𝑐𝑖
′𝜌 + ∑ 𝜆𝑗𝑑𝑖𝑗 + ∑ 𝛾𝑗𝑧𝑖𝑗  

𝑗

𝑗=1

 

𝑗

𝑗=1

 

(12) 

where 𝑐𝑖 is a set of exogenous covariates with associated parameter vector ρ and 𝜆𝑗 

denoting the effects of market channel selection relative to control group. 

The joint distribution of market channel selection and outcome variables, conditional on 

unobservable characteristics, can be portrayed as a marginal density product of market 

channel selection and conditional density, as follows: 
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𝑃𝑟(𝑦𝑖 , d𝑖|𝑐𝑖, 𝑥𝑖, 𝑧𝑖) = 𝑃𝑟  𝐸(𝑦𝑖|d𝑖, 𝑐𝑖, 𝑧𝑖) x (𝑑𝑖|𝑥𝑖, 𝑧𝑖𝑗)  

         = 𝑔(𝑐𝑖
′𝜌 +  𝑑𝑖

′𝜆 +  𝑧𝑖
′𝛾) x 𝑓(𝑥𝑖

′𝛽𝑗 +  𝛿𝑗𝑧𝑖𝑗)           (13) 

Assuming that 𝑧𝑖𝑗  is exogenous variables that influence the selection of market channel, ℎ 

represents the joint density of 𝑧𝑖𝑗, assumed to be independently and identically distributed 

from the standard normal distribution.   

𝑃𝑟[𝑦𝑖 , d𝑗|𝑐𝑖, 𝑥𝑖] =  ∫{𝑔(𝑐𝑖
′𝜌 +  𝑑𝑖

′𝜆 +  𝑧𝑖
′𝛾) x 𝑓(𝑥𝑖

′𝛽𝑗 +  𝛿𝑗𝑧𝑖𝑗)} ℎ(z𝑖)𝑑𝑧𝑖  (14) 

In general, the integral in Eq. (14) does not have a closed-form solution due to unobservable 

𝑧𝑖𝑗. Resolving this problem can be done using s simulation-based estimation, as follows: 

𝑃𝑟(𝑦𝑖 , 𝑑𝑖|𝑐𝑖 , 𝑥𝑖) = 𝐸 {𝑔(𝑐𝑖
′𝜌 + 𝑑𝑖

′𝜆 +  𝑧𝑖
′𝛾) 𝑥 𝑓(𝑥𝑖

′𝛽𝑗 + 𝛿𝑗𝑧𝑖𝑗)}  

               ≈  
1

𝑆
∑{𝑔(𝑐𝑖

′𝜌 +  𝑑𝑖
′𝜆 +  �̃�𝑖𝑠𝛾) 𝑥 𝑓(𝑥𝑖

′𝛽𝑗 +  𝛿𝑗 �̃�𝑖𝑗𝑠)}

𝑠

𝑠=1

 
(15) 

where the sth draw �̃�𝑖𝑠 from the total draw of S of a pseudorandom number from density h. 

The log-likelihood function is then estimated using the model below: 

l(yi, di|ci, xi)  ≈ ∑ [ 
1

s
 ∑{g(ci

′ρ + di
′λ +  z̃isγ) x f(xi

′βj +  δjz̃ijs)  }

s

s=1

]

n

i

 
(16) 

where �̃�𝑖𝑗s is the sth draw from the total of S draws of a pseudorandom number from 

density h. To check the robustness, the MSL results are compared with the two-stage least 

square (2SLS) model by Angrist and Imbens (1995) with instrument variables. The instrument 

variable is important for specifying the model. Instrument variables are variables associated 

with the outcomes due to the choice of treatment options (Angrist & Imbens, 1995), as 

latent factors in the MSL model in Eq. (1) explained by Deb and Trivedi (2006).  

Two basic tests can identify whether the chosen instrument variable is valid. First, it is 

necessary to test whether the instrument variable is weak by identifying the degree of 

correlation between these instruments and endogenous variables (Stock & Yogo, 2002). The 

test is performed under a strict condition that the number of instruments is greater than 

that of endogenous variables. The instrument is tested by comparing the minimum 

eigenvalue statistic with the largest relative bias of the 2SLS estimator or with the largest 

rejection rate of a nominal 5% Wald test that we are willing to tolerate. If the test statistic 

exceeds the critical value, we can conclude that our instruments are not weak. Second, 
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instruments are valid if the excluded variables are exogenous. To test whether the 

instrument variables are not associated with the error term, both the Sargan test and 

Basmann χ2 test of overidentifying restrictions for the 2SLS estimator can be used (Basmann, 

1960). The instrument variable is valid if both Sargan’s and Basmann’s test statistics are 

insignificant.  

4.2.4. HYPOTHESIS AND DEFINITION OF WORKING VARIABLES 

This paper simultaneously estimated the determinants of market channel selection and its 

impacts to the farm performance. Three market channels are corresponded with shrimp 

farms in Indonesia: collectors, wholesalers (suppliers) and processing plants. Market channel 

selection is captured via two dummy variables, wholesalers (32.42%) and processing plant 

(12.09%). The remainder -as the base outcome variable on the estimation- are farmers that 

select collectors (55.49%). Based on data samples, the characteristics of those market 

channels are described in Table 4.3 below. As we can see in the table below, the relationship 

between farmers and their major market destination is developed by some factors such as 

market point, form of relation, payment methods and FSS monitoring. The relationship 

forms may correlate with farm decision on farming operation (how to produce, how much 

and when to harvest), and hence may influence the farm performance (production, variable 

costs and net profit). 

Following Williamson's (1991) and Ménard's (2004) ideas on vertical coordination, relation 

between shrimp farmers and buyers ranges from spot market to approved partner contract. 

Vertical relationship between farmers and collector can be characterized as relational and 

captive relation. Relational coordination is driven by the proximity of collector place to the 

farm gate. It is demonstrated in Table 4.3 that distance between shrimp farms and collector 

is closer than processor. In addition, more than 50 percent of farmers had no contract with 

collector. Nevertheless, some farmers also had captive relation with collector. Table 4.3 

shows that 31 percent of farmers had credit relation with collector. Limited capacity and 

capability of small-scale farmers and proximity of pond area with collectors drive them to 

sell to the nearest collectors than to processing plants directly. Vertical relationship between 

farmers and wholesaler can be characterized as market and captive relation. Most of 

farmers who sold to wholesaler had credit relation with their buyer (56%). In addition, 61 

percent of farmers who sold to wholesaler agreed that they have informal contract with 
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their buyer. Vertical relation between farmers and processing plant can be described as 

approved partner contract form. The form is led by most of farmers who sold to processing 

plant had formal contract with processor (Table 4.3). In addition, product distribution on the 

form of approved partner contract were picked by the processor (100%) to maintain quality 

and food safety of products. Due to the variation of vertical relation characteristics between 

farmers and their buyers, the market channel labels (collector, wholesaler and processing 

plant) is chosen.  

 

TABLE 4.3. MARKET CHANNEL CHARACTERISTICS   

Variables Unit 
Major market distribution 

Mvtest 
Collector Wholesaler Processor 

Market point      

Point Pond (buyer distribution) Percent 8.9 33.9 100.0 28.0*** 

Point buyer (farmer distribution) Percent 91.1 66.1 0.0 72.0*** 

Distance to collector Kilometres 4.1 3.9 7.5 4.4*** 

Relationship with buyer      

No relationship Percent 50.5 15.3 27.3 36.3*** 

Friend relationship Percent 18.8 28.8 50.0 25.8*** 

Creditor relationship Percent 30.7 55.9 22.7 37.9*** 

Form of contract  
   

 

Formal contract Percent 3.0 10.2 100.0 17.0*** 

Informal contract Percent 42.6 61.0 0.0 43.4*** 

No contract Percent 54.4 28.8 0 39.5*** 

Payment by cash Percent 57.4 64.4 0.0 52.6*** 

Monitoring   
   

 

Monitor FSS Percent 10.9 15.3 72.7 19.8*** 

Monitor quality Percent 21.8 25.4 9.1 21.4 

Monitor size Percent 67.3 59.3 18.2 58.8*** 

Notes: Calculation is based on survey data; Test for equality of three group means, assuming homogeneity 
using mvtest command in Stata; * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

 

Four outcomes are considered the dependent variables representing shrimp farm 

performance: (1) shrimp yield denotes the actual supply of shrimp delivered to the market 
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per hectare per farming period, measured in kilograms; (2) total revenue represents farmer’s 

earnings calculated from yield multiplied by price measured in Indonesian currency (IDR) per 

hectare per farming period. Total revenue is the sum of revenue from shrimp and fish 

produced simultaneously from the polyculture system; (3) variable costs are total 

operational costs needed in shrimp farming in a period, measured in IDR per hectare per 

farming period; and (4) net profit indicates profit that farmers receive, calculated as the 

difference in total revenue and total costs incurred in the referenced production period. Net 

profit is measured in IDR per hectare per farming period.  

For empirical analysis, two specific null hypotheses can be formalised. Hypothesis I: shrimp 

yield differs due to market selection, which is controlled by other relevant determinants and 

instrument variables. Every market channel has different requirements for access or 

characteristics to be considered. Processors, as direct market channels for small-scale shrimp 

farmers, require that a traditional farming system is implemented, while wholesalers provide 

capital resources to fund intensive farming to boost farm production. Hence, to assess the 

extent to which market channel selection enhanced shrimp yield, data were collected on the 

farmers’ use of different aquaculture systems (traditional or semi-intensive).  

Hypothesis II: Net profit differs due to market channel selection, which is controlled for by 

other relevant determinants and instrument variables. Different prices offered and 

transaction costs lead to varied net profits. For example, in this case, the multinational 

company offered a higher market price and lower variable costs for organic implementation. 

Together, both hypotheses indicate that we are concerned about evaluating the effects of 

different market channels on farm performance.  

4.4. RESULTS  

4.4.1. CHARACTERISTICS OF MARKET CHANNELS 

Three market channels for small-scale shrimp farmers in Indonesia were selected for 

comparison: collector, wholesaler (big collector) and processor (contract organic). All three 

market channels offer high shrimp prices despite having different market preferences—

being sold to domestic or export markets. In this case, shrimp is sold domestically when the 

price is higher than the export price, and vice versa. These decisions are made downstream 

of the farmer by the buyers. 
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Contract organic market channels are developed by private companies to support a 

sustainable environment and social development of shrimp farming. The Organic Standard is 

required in the traditional system when a farmer wants to access the processor market 

directly and written in a contract agreement between the farmers and the processing 

company. The restriction of utilisation of artificial feed and synthetic inputs and 

environmental concern (e.g. mangrove plantations around ponds) are conditions written 

into the contract, not traditional practices per se. A handful of farmers performed traditional 

systems that were similar to organic farms; they also followed the standard but were not 

characterised as organic farms as they did not have the written contract with the processor.  

The collector channel is characterised by an intermediary that usually lives near the farmers 

or is a neighbour or farmer who is a collector in a village. Collectors buy less than 100 kg of 

shrimp daily due to limited cash. Collectors sell to wholesalers, local retailers, traditional 

markets, or households.  

The wholesaler channel is characterised by an intermediary that has a greater buying 

capacity (100–1,000 kg) per day than collectors. Each subdistrict usually has one or two 

wholesalers that collect shrimp products. Wholesalers sell to processing plants, regional 

markets, or hotels/restaurants.  

4.4.2. DETERMINANTS OF MARKET CHANNEL SELECTION 

Three models were used for the analysis: multinomial logit (MNL), maximum simulated 

likelihood (MSL) and two-stage least square (2SLS). The proposed explanatory variables were 

checked for econometric problems, i.e. heteroscedasticity, collinearity, and specification-

error test for omitted variables. The variance inflation factors (VIF) test is used to check for 

high multicollinearity across explanatory variables. The results indicated no serious 

multicollinearity issues as each VIF value was less than 10 for all variables (Appendix 4A.1). 

Before performing the heteroscedasticity test, an omitted-variable test determined that no 

omitted variables were used in the models. The Breusch–Pagan/Cook–Weisberg test of 

cross-sectional data is used to identify heteroscedasticity. Most of the Breusch–Pagan tests 

(for shrimp yield, total revenue and variable costs) revealed a p<0.000, indicating that the 

null hypothesis of constant variance is rejected and thus, heteroscedasticity occurred in the 
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data set. Therefore, the instrument variable estimator with robust standard error was 

required to overcome the problem.  

Furthermore, the endogeneity of variables was tested using the Durbin–Wu–Hausman test 

(Appendix 4A.2). When a variable is endogenous, the disturbance term is correlated with the 

variable; thus, the OLS assumption is violated, indicating a biased OLS estimation. The test 

did not reject the null hypothesis that the market channels are exogenous when including an 

additional explanatory variable in the structural models. If the endogenous regressors are in 

fact, exogenous, then the OLS estimator is more efficient. Therefore, the efficiency of using 

an instrument variable estimator can be significant if the instruments and other control 

factors in the model are not weak. By using the first-stage test, the F statistics were 

significant, indicating that the instrument variables had significant explanatory power for 

both market channels individually (wholesaler and processing plant). Both market channels 

were strongly correlated with the instruments since the minimum eigenvalue statistic is 

greater than the limited-information maximum likelihood (LIML) size of the nominal 5% 

Wald test. A rejection rate of at most 20 percent is accepted because the minimum 

eigenvalue statistic (3.53) is higher than the value of 2SLS relative bias with LIML size of 

nominal 5% Wald test (3.32). 

Results for contributing factors to market channel selection were analysed in three different 

models (Table 4.4) to estimate dependent variables of interest. In MSL and 2SLS models, the 

results showed are generated from estimation using shrimp yield as the outcome due to 

similar results if using different outcomes (revenue, variable costs and net profit) in the 

estimation. Two main results are highlighted: (1) strong goodness-of-fit of all models, given 

by the relatively high R2 and ꭓ2 statistics, which are significant at 1% level; and (2) the 

estimated coefficients are highly comparable across models and estimators, and run in an 

expected direction. For example, the variable of certified nauplius is negatively correlated 

with wholesaler selection rather than collector selection in all models, which is consistent 

with the analysis of mean differences in Table 4.1 that the collector market channel has 

more farmers who used certified nauplius than the wholesaler market.  

For farm characteristics, the owner of the pond and polyculture system was negatively 

correlated with marketing to the processor in the MNL and MSL model. That is, farmers who 

sell to the processor are less likely to be the owner of the pond and less likely to operate a 
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polyculture system. In all models, the use of waterwheels was positively associated with 

wholesaler selection, but negatively associated with processor selection in the MNL and MSL 

models. Waterwheels are used in semi-intensive systems to increase dissolved oxygen in 

shrimp ponds and water circulation due to high stocking density and feed utilisation; 

waterwheels are prohibited in organic farms. However, certified nauplius utilisation was 

positively correlated with processor selection in the 2SLS model. Market channels with 

processors had better access to certified nauplius sold by processors.  

Our major finding was the lack of correlation between the implementation of IndoGAP 

certification and market channel selection (see Chapter 5 for more detail). The contract with 

the buyer was positively correlated with processor selection in all models, be it a formal or 

informal contract. Farmers who select processors as their buyers have a formal contract in 

terms of organic farming. However, organic farmers can still sell their products to other 

buyers if the price offered by the organic company is lower than the market price. Thus, the 

bargaining process was positively associated with processor selection in the MSL model. 

Shrimp farming in Vietnam is an example of contract flexibility on price arrangement and 

market destination (Ha et al., 2013). Furthermore, the bargaining process was negatively 

associated with wholesaler selection in all models. When farmers do not have full control of 

the price, they were considered to have low bargaining power in the transaction.  

Table 4.4 shows that 61 percent of farmers who select the wholesaler market channel had 

informal contracts, and most received credit from the wholesaler. For the other channels, 

farmers may not bear higher operational costs and can bargain if the market price is higher 

than the price offered by the wholesaler. This highlights the poor capacity of farmers with 

limited capital, and lack of institutional support, infrastructure and resource availability 

(Trienekens, 2011). In Beninese pineapple farming, only farmers who selected the rural 

market had a high level of bargaining power due to price information, quality requirements, 

and adjustment to meeting market demand (Arinloye et al., 2015).  
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TABLE 4.4. DETERMINANTS OF VERTICAL COORDINATION IN THE SHRIMP SUPPLY CHAIN IN INDONESIA 

Variables MNL MSL 2SLS 

Wholesaler 
Processing 

plant 
Wholesaler 

Processing 

plant 
Wholesaler 

Processing 
plant 

Age 0.018 0.116 0.017 0.091 0.002 0.004* 

 (0.028) (0.218) (0.031) (0.224) (0.004) (0.002) 

Formal education –0.003 0.075 0.002 0.117 –0.006 0.009 

 (0.074) (0.462) (0.084) (0.426) (0.011) (0.006) 

Off-farm job 0.385 –0.762 0.433 0.595 0.045 –0.003 

 (0.470) (7.305) (0.518) (6.192) (0.071) (0.041) 

Experience 0.003 –0.244 0.003 –0.252 0.001 –0.003 

 (0.026) (0.247) (0.030) (0.262) (0.004) (0.002) 

Profit sharing –0.979 6.826 –1.192* 7.071 –0.158* 0.024 

 (0.615) (6.658) (0.684) (5.365) (0.092) (0.045) 

IndoGAP certification  0.389 –17.026 0.288 –21.289* 0.079 0.045 

 (0.605) (10.955) (0.710) (10.862) (0.107) (0.051) 

Training IndoGAP 0.132 4.338 –0.041 5.365 0.053 –0.039 

 (0.599) (2.693) (0.637) (3.333) (0.086) (0.041) 

Pond owner –0.361 –8.236** –0.403 –10.369** –0.032 –0.021 

 (0.523) (3.705) (0.592) (4.149) (0.076) (0.038) 

Pond size 0.026 0.194 0.063 0.318 0.001 0.004** 

 (0.034) (0.224) (0.044) (0.244) (0.002) (0.002) 

Polyculture 0.358 –14.394*** 0.411 –17.425*** 0.104 –0.074 

 (0.542) (5.016) (0.614) (5.319) (0.069) (0.049) 

Waterwheel 0.850*** –15.734** 1.112*** –19.261*** 0.128*** –0.049 

 (0.329) (6.586) (0.394) (6.745) (0.031) (0.032) 

Certified nauplius –1.115** 13.453 –1.326** 14.302 –0.196*** 0.103** 

 (0.485) (13.356) (0.562) (11.206) (0.075) (0.046) 

Formal loan 0.552 –28.835** 0.653 –35.546*** 0.149 –0.102 

 (0.973) (12.832) (1.053) (13.598) (0.122) (0.063) 

Private loan –0.186 –2.193 –0.300 –3.343 0.039 –0.042 

 (0.961) (3.958) (1.056) (3.671) (0.118) (0.061) 

Saving –0.421 12.808* –0.513 15.738** –0.021 –0.048 

 (0.919) (6.673) (1.008) (7.180) (0.106) (0.062) 
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Variables MNL MSL 2SLS 

Wholesaler 
Processing 

plant 
Wholesaler 

Processing 

plant 
Wholesaler 

Processing 
plant 

Shrimp size –0.002 –0.456 0.000 –0.525* 0.000 –0.001 

 (0.009) (0.306) (0.010) (0.275) (0.001) (0.001) 

Contract –0.507 63.139** –0.785 77.116*** –0.211* 0.377*** 

 (0.764) (27.115) (0.879) (27.057) (0.109) (0.081) 

Bargain –1.486*** 9.846* –1.704*** 11.841** –0.228*** –0.009 

 (0.509) (5.967) (0.588) (5.840) (0.082) (0.047) 

Road distance –0.003 –0.277 –0.000 –0.499 –0.001 0.002 

 (0.023) (0.710) (0.040) (0.775) (0.002) (0.001) 

Production path –0.206 –6.771 –0.252 –8.663* –0.060 0.037 

 (0.420) (4.189) (0.473) (4.655) (0.064) (0.038) 

Distance to buyer 0.038 3.125** 0.034 3.834*** 0.002 0.020*** 

 (0.051) (1.414) (0.055) (1.447) (0.005) (0.004) 

No relationship –2.207*** 29.144** –2.776*** 37.716** –0.303*** 0.074 

 (0.819) (12.548) (0.894) (14.972) (0.104) (0.066) 

Creditor relationship 0.031 –10.995 0.016 –12.842** 0.143 –0.223*** 

 (0.700) (7.405) (0.787) (5.786) (0.117) (0.078) 

Constant 0.928 –58.361** 1.323 –70.047*** 0.610* –0.290* 

 (2.229) (25.043) (2.469) (24.921) (0.319) (0.167) 

       

Pseudo-R2/R2 0.4874    0.2851 0.5218 

Cragg–Donald Wald F 

statistic 

166.80***  389.34***  6.43*** 6.83*** 

Observations 182  182  182  

Notes: Calculations are based on the survey data; MSL stands for maximum simulated likelihood treatment 
regression, estimated using Stata’s mtreatreg package (Deb, 2009); number of quasi-random Halton sequence 
simulation draws, S, was set to 400; 2SLS stands for two-stage least squares; robust standard errors are in 
parentheses; * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

 

To assess the influence of physical distance on market channel selection, we controlled for 

the farmers’ geographical distribution in our sampling strategies. Most of the farmers (87 

percent) are located 0–10 km from the main road, with half of the pathways to ponds paved 

by local government. Almost 90 percent of farmers are 0–10 km from their buyers. The 

distance to buyers can positively predict the selection of processor (Table 4.3), a result that 
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may correlate with product distribution. How shrimp is distributed depends on the 

relationship between the farmer and the buyer (see Appendix 4A.1). Organic contract 

farming emphasises that product distribution is done by the processor, from pond to 

processing plant. Most of the farmers (91 percent) who select the collector channel 

distribute their shrimp to the collector’s factory, whereas farmers who select the wholesaler 

channel either deliver it to the wholesaler’s factory or the wholesaler comes to the 

farmgate. 

To assess the influence of funding source on market channel selection, we controlled for 

farmers’ source of capital to operate shrimp farming. Four funding sources were identified: 

formal loan, private loan, savings and family/friends. Funding source variables as control 

variables start with the proposition that an individual or household wants to maximise input 

utility to improve farm profits. Formal loans were negatively associated with processor 

selection in the MNL and MSL models. In contrast, savings as the funding source had a 

positive association with processor selection in the MNL and MSL models. The magnitude of 

the estimated coefficients in both models suggests that the funding source is an important 

variable, and a likely result of the lower transaction costs of organic farming. Since the 

production costs of organic farming are lower than conventional farming, the requirement 

for loans in organic farming was low. 

The market relationship between farmers and their buyers negatively predicted wholesaler 

selection but positively predicted processor selection. Nevertheless, their credit relationship 

negatively predicted processor selection in the MSL and 2SLS models. Funding for 

operational costs can determine a farmer’s decision to choose a buyer who can provide 

credit or loans rather than having loans from formal creditors, i.e. banks. Bank loan 

applications can take a long time despite having the required collateral. Private loans by 

intermediaries are more accessible for farmers without interests or collateral. The support 

form could be arranged as input supplies rather than hard cash. However, farmers must sell 

their products to the funding provider (buyer). Conversely, processors do not offer credit or 

funding to their farmers but offer technical expertise and provide certified nauplius.  
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4.4.3. FARM PERFORMANCE 

Farm performance (shrimp yield, total revenue, variable costs and net profit) per hectare per 

farming period was estimated with respect to market channel selection. The results showed 

that farm performance depends on market channel selection. Using different estimators, the 

MSL model showed that farmers who selected wholesalers or processors had significantly 

higher yields than those who selected collectors; but this was insignificant in the 2SLS model. 

The MSL model also demonstrated that farmers who sold to wholesalers had significantly 

higher total revenue and variable costs than those who sold to collectors. The Wald test 

strongly rejects the hypothesis of exogeneity for wholesalers and processing plant as market 

channels, thus suggesting the importance of accounting for reverse causality and 

simultaneity between such variables and market channels, while the over-identification test 

supports the validity of the chosen instruments. The MSL estimation also shows that farmers 

who selected wholesalers or processors had a significantly higher variable costs than those 

who selected collectors; however, net profit of those farms with different market channels 

were not differ. This may be the result of lower shrimp prices and higher variable costs for 

farmers using the wholesaler channel than the collector channel (Table 4.5) or lower total 

revenue despite lower variable costs for farmers using the processor channel than the 

collector channel (Table 4.2). 

IndoGAP certification was negatively associated with total revenue and variable costs in both 

models. It is expected that IndoGAP certification reduced the variable costs since its 

implementation recommends registered fish medicine, chemical and biological substances. 

Farmers who had implemented IndoGAP certification may have been avoiding the use of 

chemical substances to prevent chemical residues on the final products; hence, variable 

costs decreased. As a result, shrimp production may have declined due to the emergence of 

predators. These results could be related to the negative effect of IndoGAP certification on 

total revenue, as the prices of shrimp between certified and uncertified IndoGAP products 

did not significantly differ.  

As expected, certified nauplius and buyer contracts had a positive influence on net profit in 

both models. This can be explained by the positive influence of those three control variables 

on shrimp yield and total revenue, but negative influence on variable costs, despite the lack 



CHAPTER 4. IMPACT OF MARKET CHANNELS ON FARM PERFORMANCE 

 PAGE | 127 

of significance for all of the coefficients (Table 4.4). Moreover, certified nauplius produced 

better quality shrimp than uncertified nauplius, which may influence net profit.  
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TABLE 4.5. THE EFFECT OF VERTICAL COORDINATION ON FARM PERFORMANCE IN SHRIMP SUPPLY CHAIN IN INDONESIA  

Variables Shrimp yield Total Revenue  Variable costs  Net profit  

MSL 2SLS MSL 2SLS MSL 2SLS MSL 2SLS 

_Twholesaler 21.579* 5.771 4,309,412** 2,747,978 4,139,726** 624,569 –325,078 312,204 

(12.764) (49.906) (2,059,826) (5,805,993) (2,013,220) (5,085,332) (1,618,766) (2,677,885) 

_Tprocessor 48.715** 30.982 2,136,820 –2,664,637 –339,719 –3,644,795 290,631 –858,569 

(22.186) (42.912) (1,963,154) (4,532,175) (1,371,084) (3,762,984) (1,073,144) (1,828,528) 

Age –1.536** –1.410** –208,247** –175,782** –143,150* –122,126 –17,821 –13,842 

(0.697) (0.717) (91,758) (86,601) (84,970) (82,149) (36,464) (37,566) 

Formal 
education 

0.903 1.169 534,200*** 626,114*** 414,147*** 461,483*** –58,363 –29,259 

(1.525) (1.505) (151,591) (179,884) (135,060) (156,208) (80,519) (88,213.) 

Off–farm job 0.177 0.906 –86,892 –110,093 5,172 47,145 278,713 305,380 

(11.009) (10.908) (1,169,368) (1,233,710) (1,005,829) (,1026,518) (513,125) (522,205) 

Experience 0.580 0.541 262,269** 245,655** 227,820* 222,225* 19,516 15,897 

(0.605) (0.617) (123,807) (115,865) (116,464) (115,966) (29,119) (29,399) 

Profit sharing 4.641 3.143 –4,379,201** –4,208,337** –2,897,604 –3,192,648* –449,936 –280,607 

(11.042) (13.605) (1,988,581) (1,927,316) (1,872,618) (1,863,777) (754,398) (788,837) 

IndoGAP 
certification  

0.695 3.699 –4,102,328** –3,811,990** –2,643,951* –2,159,071 492,904 419,177 

(16.311) (17.903) (1,612,911) (1,888,557) (1,494,396) (1,683,189) (696,120) (699,911) 

Training 
IndoGAP 

12.375 11.980 –2,861,321* –2,967,436 –2,693,521* –2,524,335 –488,340 –635,518 

(16.281) (17.622) (1,693) (1,919,401) (1,440,312) (1,646,556) (597,768) (612,110) 
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Variables Shrimp yield Total Revenue  Variable costs  Net profit  

MSL 2SLS MSL 2SLS MSL 2SLS MSL 2SLS 

Pond owner –11.491 –11.537 –972,927 –1,095,512 –1,551,955 –1,672,055 1179344** 1,155,666** 

(10.943) (11.753) (1,301,796) (1,366,678) (1,167,716) (1,258,822) (527,840) (548,799) 

Pond size –2.120*** –1.974*** –202,608*** –166,963** –71,211** –47,964 –38,537 –30,062 

(0.718) (0.733) (68,160) (70,733) (28,375) (33,222) (25,166) (27,379) 

Polyculture –19.161 –19.137 1,654,913 1,433,712 2,636,816*** 2,677,087*** –1,266,784** –1,395,637*** 

(12.162) (13.140) (1,085,845) (1,194,868) (800,973) (887,671) (497,479) (540,012) 

Certified 
nauplius 

0.383 –1.394 1,898,935 2,069,063 –353,441 –809,892 1,408,087** 1,669,839** 

(9.755) (16.341) (1,596,780) (2,377,759) (1,429,587) (2,225,310) (626,351) (830,780) 

Waterwheel 16.961** 18.237** 313,467 422,368 531,172 865,085 –456,806 –557,728 

(7.150) (7.686) (744,866) (856,095) (756,427) (886,254) (404,147) (430,539) 

Formal loan –6.176 –4.882 –417,225 –710,073 90,407 331,891 –561,036 –893,310 

(16.305) (16.704) (1,875,290) (2,166,139) (1,748,911) (2,099,904) (1,020,346) (1078305) 

Private loan 27.282* 27.342* 1,621,786 1,304,801 299,923 551,962 457,082 166,746 

(16.508) (16.405) (1,758,545) (2,006,911) (1,493,739) (1,862,838) (826,828) (962,383) 

Saving –15.013 –15.450 2,058,983 1,820,147 1,440,898 1,470,726 –151,968 –315,721 

(12.974) (12.889) (1,862,320) (1,773,755) (1,599,957) (1,480,775) (806,296) (858,644) 

Shrimp size 0.203 0.208 24,722 27,386 23,839 24,321 651 530 

(0.227) (0.228) (32,884) (35,250) (25,493) (23,897) (8,920) (9,171) 

Contract 1.493 5.153 1,276,497 2,214,717 –95,836 730,616 1,534,618** 1,708,097** 

(12.364) (15.914) (1,672,758) (1,852,646) (1,459,147) (1,664,588) (648,195) (707,060) 
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Variables Shrimp yield Total Revenue  Variable costs  Net profit  

MSL 2SLS MSL 2SLS MSL 2SLS MSL 2SLS 

Bargain 10.445 6.912 3,612,781** 3,450,230 3,855,320*** 3,197,348* –1,262,419* –1,004,819 

(11.785) (16.751) (1,689,350) (2,312,419) (1,490,124) (1,917,185) (717,081) (760,758) 

Road distance –1.066** –1.023** –65,519** –58,380* –58,256* –53,481* 41,861*** 43,058*** 

(0.454) (0.436) (33,097) (29,978) (33,953) (30,820) (15,641) (16,010) 

Production 
path 

–1.660 –2.184 1,847,108 1,900,673 1,407,053 1,314,084 674,244 729,971 

(9.522) (9.253) (1,413,354) (1,546,561) (1,244,555) (1423796) (474,478) (530,900) 

Constant 148.695*** 147.142*** 4,309,412** 7,152,018 1,045,215 996,468 3,621,128 2,974,738 

(45.095) (54.259) (2,059,826) (5,787,632) (3,613,876) (4363648) (2,536,314) (,2654,421) 

Ln sigma 3.944***  15.70***  15.65***  14.61***  

(0.093)  (0.101)  (0.164)  (0.335)  

λ1 

(wholesaler)  

35.557***  –274,386  10,994  –198,720  

(10.726)  (646,633)  (499,399)  (1,593,299)  

λ2 (processor) 5.182  3,891,920**  2,117,204**  2,295,914**  

(6.727)  (1,717,781)  (899,589)  (946,572)  

F/wald ꭓ2  50.18***  56.80***  47.10***  65.23*** 

R2  0.279  0.307  0.258  0.167 

Notes: Calculations are based on the survey data. Note: USD 1 equal to IDR 13,309.62 when the fieldwork was undertaken (January 2017); MSL stands for maximum 
simulated likelihood treatment regression (estimated using Stata’s mtreatreg package [Deb, 2009]). The number of quasi-random Halton sequence simulation draws, S, was 
set to 400. 2SLS stands for two-stage least squares. Robust standard errors are in parentheses. * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 
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Interestingly, some of the control variables had different effects on some outcomes. 

Polyculture farming had a positive association with variable costs but negative association 

with net profit in both models. The positive significant impact of polyculture on total 

revenue may be due to the additional revenue from fish yields. However, polyculture has 

additional operating costs, such as those for fish juveniles and artificial feed. Therefore, the 

inverse relationship between total revenue and variable costs may influence the relationship 

between polyculture and net profit. Furthermore, the main road distance was negatively 

associated with shrimp yield, revenue and variable costs but positively associated with net 

profit in both models. The closer the pond to the main road, the lower the operation costs 

because farmers near the main road spend less on fuel.  

4.5. CONCLUSION 

The results show that farms with a wholesaler channel have substantially higher yields, total 

revenue and variable costs per hectare than those with a collector channel. In addition, 

farms with a processor channel have substantially higher yields than those with a collector 

channel. It follows that with the same resources as farms with a collector channel, farms 

with a wholesaler or processor channel can achieve higher yields, total revenue, variable 

costs and net profit than those with a collector channel. The levels of magnitude differ 

significantly but the directions are consistent under two different estimation procedures 

(MSL and 2SLS) which account for unobserved heterogeneity and bias correction.  

Better performance on farms with a wholesaler channel can be attributed to the aquaculture 

system that they ran. Half of the farms with a wholesaler channel operated a semi-intensive 

aquaculture system that lead to higher shrimp yields than those with a collector channel. 

Level of inputs and stocking density per farming area on semi-intensive farming is higher 

than a traditional system. Farms with a wholesaler channel used more feed and waterwheels 

and had a higher stocking density than farms with a collector channel. Waterwheels, as part 

of aeration systems, are important for enhancing oxygen transfer and water circulation in 

intensive aquaculture practices due to high stocking density and feed utilisation (Boyd, 

1998). Despite higher shrimp yields, shrimp prices from farms with a wholesaler channel 

were significantly lower than those with a collector channel. Moreover, the variable costs on 
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farms with a wholesaler channel were significantly higher than those with a collector 

channel. Consequently, net profits of both farm groups did not significantly differ.  

Despite significantly higher shrimp yields and shrimp prices, the fact that farms with a 

processor channel did not have higher revenue and net profits than farms with a collector 

channel could be related to fish stocking density. A lower fish stocking density generated 

lower fish yields on farms with a processor channel, relative to a collector channel. The low 

fish yield was also driven from the low utilisation of artificial feed. Most farms with a 

processor channel are organic farms with restricted use of artificial feed and any type of 

aerator. However, farms with a processor channel had significantly better farm performance 

(actual shrimp yield and net profit) than those with a collector channel. The different 

magnitude of the results may be due to the larger ponds on farms with a processor channel 

than a collector channel; thus, to improve net profit, organic farms should use their shrimp 

pond efficiently. Farmers should maximise their shrimp and fish stocking densities. 

The magnitude of the estimated performance of farms who used wholesalers suggests that 

semi-intensive systems are the likely cause of the recent rapid growth in aquaculture 

technology in the sector. Because semi-intensive farms generate higher yields, it follows 

from the results that their competitive position will continue to increase over traditional 

(extensive) practices. Of course, an intensive system is more efficient than semi-intensive 

and extensive systems; however, intensive aquaculture systems need large-scale farming 

that cannot be undertaken by small-scale farms. Based on the results in this chapter, it 

appears that local policies would favour a semi-intensive system, as it performs better for 

small-scale farms. However, semi-intensive farming needs to be supported by high 

investments, operational costs, technology improvements and capacity which are 

challenging for small-scale farmers. Therefore, it would be hasty to make recommendations 

in favour of increasing semi-intensive farming based on this study alone, because it does not 

contain information on how small-scale farmers deal with these challenges. Despite the 

better performance of semi-intensive farms, not all small-scale farms in the shrimp sector 

should be semi-intensive, due to the potential negative impacts on the environment. It 

seems more attractive to promote organic farms to small-scale farmers as they also had 

better shrimp yields. Therefore, governments need to collaborate at the downstream level 

to develop and support organic farms for small-scale farmers.   
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This research came with some limitations: (1) the classification of IndoGAP adoption on 

every market channel cannot be estimated due to limited number of IndoGAP farms in the 

research area; (2) the use of panel data could improve the consistency of the results, but 

such data could not be gathered due to limited time and resources; and (3) due to missing 

observation for several variables, the sample size included in the estimates is modest, but  

illustrates the important issues on marketing channels and farm performance in the shrimp 

industry, especially in developing countries where small-scale farms are involved.  
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APPENDICES 

Appendix 4A.1. Test of heteroscedasticity, collinearity and specification-error test for 

omitted variables 

Outcomes 
First tests  

Collinearity Specification-error test Heteroscedasticity 

Shrimp yield   Mean VIF = 1.59 Ramsey RESET test 

F(3, 158) = 9.46*** 

Breusch–Pagan/Cook–Weisberg 

test: ꭓ2 = 39.64*** 

Total revenue Mean VIF = 1.59 Ramsey RESET test 

F(3, 158) = 66.84*** 

Breusch–Pagan/Cook–Weisberg 

test: ꭓ2 = 227.15*** 

Variable costs Mean VIF = 1.59 Ramsey RESET test 

F(3, 158) = 26.30*** 

Breusch–Pagan/Cook–Weisberg 

test: ꭓ2 = 329.26*** 

Net profit Mean VIF = 1.59 Ramsey RESET test 

F(3, 158) = 2.11 

Breusch–Pagan/Cook–Weisberg 

test: ꭓ2 = 0.00 

Notes: Calculation is based on survey data; * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 
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APPENDIX 4A.2. FIRST REGRESSION SUMMARY STATISTICS, ENDOGENEITY AND OVER-IDENTIFICATION TEST  

Market channel R-sq. 
Adjusted R-

sq. 
Partial R-sq. F(2,152) Prob > F 

Wholesalers 0.2851 0.1811 0.0709 4.01767 0.0087 

Processing plant 0.5218 0.4522 0.2829 20.7765 0.0000 

Minimum eigenvalue statistic = 3.53397 

Critical values # of endogenous regressors: 2 

H0: Instruments are weak; # of excluded instruments: 3 

  5% 10% 20% 30% 

2SLS relative bias  (not available) 

  10% 15% 20% 25% 

2SLS size of nominal 5% Wald test 13.43 8.18 6.40 5.45 

LIML size of nominal 5% Wald test 5.44 3.81 3.32 3.09 

 Shrimp yield Net profit 

Tests of endogeneity 

H0: variables are exogenous 

  

Durbin (score) chi2(1) 1.1074 (p=0.5748) 1.74991 (p=0.4169) 

Wu–Hausman F(1,152) 0.480567 (p=0.6193) 0.762097 (p=0.4684) 

Test of over-identification restriction   

Sargan (score) chi2(1) 0 .76101 (p=0.3830) 0.230091 (p=0.6315) 

Basmann chi2(1) 0.663431 (p=0.4154) 0.200002 (p=0.6547) 

Notes: Calculation is based on survey data; * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 
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APPENDIX 4A.3. ASSOCIATION BETWEEN INSTRUMENTS AND OUTCOME VARIABLES WITH AND WITHOUT 

CONTROLLING FOR OTHER FACTORS 

Outcome 

variables 

Correlation coefficients 

without controls 

Regression coefficients  

with controls 

Instrument variables Instrument variables 

Distance to 

buyer 

No 

relationship 

Creditor 

relationship 

Distance to 

buyer 

No 

relationship 

Creditor 

relationship 

Shrimp yield 0.010 –0.079 0.131* 0.009 0.000 0.000 

 (0.895) (0.290) (0.078) (0.007) (0.000) (0.000) 

Total revenue –0.004 –0.020 0.139 0.000 0.000 0.000* 

 (0.963) (0.786) (0.061) (0.000) (0.000) (0.000) 

Variable costs –0.007 –0.008 0.092 –0.000 0.000 0.000 

 (0.923) (0.914) (0.219) (0.000) (0.000) (0.000) 

Net profit –0.038 –0.083 0.139* –0.000 –0.000 0.000 

 (0.611) (0.266) (0.061) (0.000) (0.000) (0.000) 

Notes: Calculation is based on survey data; Standard errors are in parentheses; * Significant at 10%, ** 
Significant at 5%, *** Significant at 1%. 
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APPENDIX 4A.4. REGRESSION MODEL FOR THE EFFECT OF VERTICAL COORDINATION ON FARM PERFORMANCE IN 

SHRIMP SUPPLY CHAIN IN INDONESIA  

VARIABLES Shrimp production Total revenue Variable costs Net Profit 

_Twholesaler 48.531*** 3,924,718** 4,169,383* -475,631 
 (12.345) (1,520,357) (2,113,481) (712,435) 
_Tprocessor 56.185*** 2,786,651 26,069 791,237 
 (19.068) (2,348,403) (1,376,203) (1,124,868) 
Age -1.588** -212,469** -152,413* -14,850 
 (0.696) (85,669) (87,525) (38,022) 
Formal education 0.411 488,120** 348,781*** -25,497 
 (1.679) (206,727) (131,727) (85,402) 
Off–farm job 0.434 -218,551 -51,008 316,635 
 (10.892) (1,341,387) (1,090,810) (541,438) 
Experience 0.497 264,536*** 232,487* 15,061 
 (0.653) (80,482) (122,476) (30,866) 
Profit sharing 6.687 -4,487,762*** -3,047,695 -416,674 
 (13.608) (1,675,855) (1,997,473) (824,196) 
IndoGAP certification  0.223 -4,011,220** -2,540,940 452,561 
 (14.775) (1,819,660) (1,629,164) (759,210) 
Training IndoGAP 7.191 -2,856,609* -2,827,571* -382,155 
 (12.906) (1,589,500) (1,490,058) (610,175) 
Pond owner 0.480 -1,099,878 -1,100,163 894,184 
 (11.856) (1,460,195) (1336170) (618,211) 
Pond size -2.097*** -205,788*** -70,639** -44,369 
 (0.466) (57,448) (30,878) (27,407) 
Polyculture -20.251 1,663,743 2,598,062*** -1,145,837** 
 (12.247) (1,508,238) (842,624) (510,066) 
Waterwheel 13.775** 483,454 589,293 -448,892 
 (6.318) (778,142) (826,002) (404,869) 
Certified nauplius  7.749 1,597,682 -367,000 1,239,607** 
 (12.038) (1,482,571) (1,488,189) (625,168) 
Formal loan -5.392 -251,237 323,422 -630,367 
 (19.930) (2,454,553) (1,945,442) (1,072,264) 
Private loan 25.972 1,951,077 650,439 366,635 
 (17.869) (2,200,657) (1,665,622) (881,506) 
Saving -14.999 2,357,536 1,744,873 -289,091 
 (17.213) (2,119,874) (1,777,211) (884,790) 
Shrimp size 0.235 27,776 25,605 293 
 (0.202) (24,905) (28,011) (9,646) 
Contract -1.879 1,167,025 -136,801 1,443,170** 
 (12.297) (1,514,493) (1,540,164) (622,291) 
Bargain 14.035 3,585,508** 3,861,472** -1,270,840* 
 (12.686) (1,562,374) (1,625,030) (717,985) 
Road distance -1.057** -69,989 -61,223 41,526** 
 (0.461) (56,771) (38,158) (17,078) 
Production path -0.659 1,721,180 1,327,170 680,353 
 (10.208) (1,257,175) (1,337,054) (505,491) 
Constant 138.254*** 9,422,306* 1,466,009 3,665,145 
 (46.054) (5,671,774) (3,809,446) (2,699,317) 
Observations 182 182 182 182 
R-squared 0.326 0.330 0.291 0.185 

NOTES: CALCULATION IS BASED ON SURVEY DATA; STANDARD ERRORS ARE IN PARENTHESES; * SIGNIFICANT AT 10%, ** SIGNIFICANT 

AT 5%, *** SIGNIFICANT AT 1%. 
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CHAPTER FIVE 

PUBLIC CERTIFICATION AND TECHNICAL EFFICIENCY IN SHRIMP FARMING: 

EMPIRICAL INSIGHT FROM INDONESIA 

ABSTRACT 

Food safety standards (FSS) and certification are important in fisheries supply chains to 

improve traceability in the global fisheries trade and to protect end-customers from food 

hazards. Indonesia has developed public certification for the aquaculture sector, called the 

Indonesian Good Aquaculture Practice (IndoGAP), to improve the safety of aquaculture 

products from small-scale farms. Empirical studies have shown that FSS generates 

advantages for producers but the impact of public certification on the efficiency of small-

scale farms has received much less attention. This chapter uses the slack-based data 

envelopment analysis (DEA) model to estimate and compare input-oriented technical 

efficiency (TE) scores and input-use excesses for IndoGAP and non-IndoGAP shrimp farmers. 

In addition, bias-corrected TE scores were generated using the bootstrap DEA method and 

the endogenous switching regression method was used to estimate the treatment effects of 

adopting IndoGAP on TE. The results indicate that adopting IndoGAP does not improve the 

TE of shrimp farms due to higher slacks of some inputs. From a policy perspective, we show 

that elimination of inefficiency in fish juvenile, lime, and artificial feed can substantially 

reduce inefficiency of IndoGAP farms.   

Keywords: technical efficiency, slack-based DEA, bootstrap DEA, IndoGAP, shrimp 

5.1. INTRODUCTION 

Food safety standards (FSS) and certification play an important role in global markets, 

ensuring product traceability and protecting end-consumers from food contamination 

(Ababouch et al., 2005; Henson et al., 2000; Henson & Traill, 1993). Implementation of FSS is 

also associated with enhanced profits and return on investments for some agricultural 

commodities (Bayramoglu et al., 2010; Dorr & Grote, 2009; Handschuch et al., 2013; Jena et 

al., 2012; Kleemann et al., 2014). It is noted that FSS implementation requires high 
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investments and has complex requirements (Gulbrandsen, 2005; Jonell et al., 2013; 

Marschke & Wilkings, 2014; Pérez-Ramírez et al., 2012).  

Food safety standards have become an important element in promoting food safety and the 

sustainability of farming practices. In the fisheries sector, the Good Aquaculture Practice 

(GAP) assumes that fish farming is a form of water-ecosystem management and is designed 

to promote sustainability, environmental protection, social responsibility and disease 

management (Corsin et al., 2007). Stolze et al. (2000) noted that implementing FSS, such as 

the Organic Standard, can reduce environmental damage and avoid excess resource use. 

Empirical evidence using stochastic frontier analysis (SFA) and slack-based data envelopment 

analysis (DEA) has shown that the Organic Standard can increase the efficiency of some 

agricultural farms through efficient input utilisation (Kramol et al., 2010; Lansink et al., 2002; 

Poudel et al., 2012; Tzouvelekas et al., 2001). However, some studies have found that 

farmers who do not implement certification standards are more technically efficient than 

those who do (Njoba et al., 2016; Quyet & Viet, 2019). 

Empirical studies have investigated the productivity and efficiency of shrimp farming in some 

Asian countries using DEA models (Alam & Murshed-e-Jahan, 2008; Huy, 2009; Nguyen & 

Fisher, 2014; Tung, 2010). However, those studies only estimated the TE of shrimp farms 

without considering the impact of FSS implementation or certification. Some studies have 

analysed the determinants of the Organic Standard and its impact on the TE of some 

agricultural commodities (Dimara et al., 2005; Gutiérrez et al., 2017; Poudel et al., 2012; 

Songsrirote & Singhapreecha, 2007). What is not well known and documented in the 

literature is whether implementation of public certification at the farm level improves the 

productivity of smallholder shrimp farms as measured by farm technical efficiency (TE). 

Equally unknown are the main determinants of TE on shrimp farms that implement public 

certification.  

This study investigated whether any differences exist in the technical efficiency of shrimp 

farm households that implement public certification standards and those that do not in 

Indonesia. The study also analysed the main observable factors that influence TE levels. The 

public certification standard considered is the Indonesian Good Aquaculture Practice 

(IndoGAP). IndoGAP is a public certification developed by the Ministry of Marine Affairs and 

Fisheries (MMAF) to meet the global demand of FSS on aquaculture practices and to assist 
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small-scale farmers that have limited capacities and capabilities to implement global FFS. 

IndoGAP was developed to harmonise with various certifications at the regional and global 

level (Prihatmajanti, 2014). Furthermore, shrimp is an important seafood product, second to 

seaweed in terms of export value in Indonesia. The FAO (2018) estimated that Indonesia is 

the third-largest producer of crustacean in the world, following China and Vietnam. Some 

studies have estimated technical efficiency (TE) of shrimp farms in some developing 

countries. 

 This study contributes to the literature on productivity and efficiency analysis in the 

fisheries sector by providing: (1) insight into the impact of FSS implementation on the 

technical efficiency of smallholder shrimp farms; and (2) estimating technical efficiency 

measures that take into account input slacks, especially given that FSS puts control on the 

use of certain inputs like chemicals.   

5.2. METHOD 

This study follows two analytical approaches to investigate the impact of FSS adoption and 

implementation on the TE of shrimp farms. First, the slack-based data envelopment analysis 

(DEA) model was used to estimate the TE of both IndoGAP certified farms and non-IndoGap 

certified farms to determine levels of inefficiency in specific inputs (Tone, 2001). Second, we 

follow Aravindakshan et al. (2018) work on employing bootstrap data envelopment analysis 

(DEA) framework and then performing endogenous switching regression (ESR) in the choice 

of IndoGAP adoption. The bootstraps DEA model (Simar & Wilson, 1998) was used to 

estimate bias-corrected TE to then measure counterfactual impacts of IndoGAP adoption 

using the endogenous switching regression (ESR) model from Lokshin & Sajaia (2004) to 

control potential self-selection bias. 

DEA is a collection of non-parametric methods to measure production efficiency of farms. 

DEA originated from Farrell (1957)’s concept that led to the development of several 

methodologies for the measurement of efficiency. The efficiency of a farm could be 

measured relative to its peer with similar on farm production; thus, the efficiency of a farm 

indicates the deviation of this unit related to those farms in the group considered more 

efficient. The study of efficiency can be focused on input oriented or output oriented. The 

difference lies in the farms’ objective whether the farm wants to continue producing the 
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same outputs with minimum inputs (input-oriented model) or if the farms want to maximize 

outputs using the minimum amount of inputs (output-oriented model).  

5.2.1. THE SLACK-BASED DEA METHODOLOGY 

 The slack-based approach was proposed in Tone (2001), and using this approach it is 

possible to derive measures of pure technical efficiency, scale efficiency, and total mix 

efficiencyWe follow the input-oriented implementation of the method, and the specific 

notation used follows closely that used in Herrero et al. (2006).  Let 𝑖 = (1, … 𝑁) index farm 

inputs, let 𝑗 = (1, … 𝐽) index farms, and let 𝑟 = (1, … 𝑅) index farm outputs.  Then, 𝑋 =

{𝑥𝑖𝑗} represents the ith input of farm j, and is dimension 𝑁 × 𝐽; 𝑌 = {𝑦𝑟𝑗} represents the rth 

output of farm j, and is dimension 𝑅 × 𝐽.  Input slacks can then be denoted 𝑠− = {𝑠𝑖𝑗
−} 

and 𝑠+ = {𝑠𝑖𝑗
+}, respectively and 𝑠−, 𝑠+ ≥ 0.  Let 𝜆 be a non-negative vector of length 𝐽.  If 

the subscript zero is used to track the farm being evaluated, such that 𝑥0 = {𝑥𝑖𝑗0} and 𝑦0 =

{𝑦𝑟𝑗0}, the SBM of efficiency can be found by solving the following problem: 

min:    𝜌 =
1−(1/𝑁) ∑ 𝑠𝑖𝑗0

− /𝑥𝑖𝑗0𝑖

1+(1/𝑅) ∑ 𝑠𝑟𝑗
+ /𝑦𝑟𝑗0𝑟

      (17) 

s.t.  𝑥0 = 𝑋𝜆 + 𝑠−, 

  𝑦0 = 𝑌𝜆 − 𝑠+, 

  𝜆, 𝑠−, 𝑠+ ≥ 0. 

The value of ρ can be interpreted as the ratio of mean input and output mix inefficiency.  

Note that if the additional constraint that ∑ 𝜆𝑗𝑗 = 1 is added to the above problem, the 

framework represents variable returns to scale; and if the constraint ∑ 𝜆𝑗𝑗 ≤ 1 is added to 

the above problem the value reflects conditions of non-increasing returns to scale. 

Measures of input mix efficiency are then derived by solving the numerator only in the 

previous constrained optimisation problem:  

min:    𝜌𝐼 = 1 − (1/𝑁) ∑ 𝑠𝑖𝑗0
− /𝑥𝑖𝑗0𝑖      (18) 

s.t.  𝑥0 = 𝑋𝜆 + 𝑠−, 

  𝑦0 = 𝑌𝜆 − 𝑠+, 

  𝜆, 𝑠−, 𝑠+ ≥ 0, 
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and (Input) Mix Efficiency (IMI) = 𝜌𝐼/𝜃𝐼𝑐
 , where 𝜃𝐼𝑐

 denotes the solution to the classical DEA 

radial contraction model under constant returns to scale.   

Additionally, the proportional contribution of each individual input to individual farm 

inefficiency (specific input efficiency) can be found as the various slacks normalised by their 

associated input level (𝑠𝑖
−/𝑥𝑖0) =

𝑥𝑖0−𝑠𝑖
−

𝑥𝑖0
.  Finally, by combining the known relationships of 

the standard input-oriented DEA model it is also possible to derive measures of pure 

technical efficiency and scale efficiency.  Formally, pure technical efficiency is defined as the 

measure of efficiency derived under variable returns to scale for the classic DEA model (𝜃𝐼𝑣
), 

and scale efficiency is defined as the ratio of the constant returns to scale efficiency score to 

the variable returns to scale efficiency score under the classic DEA model: 

  

𝑆𝐸 =
𝑇𝐸𝐶𝑅𝑆

𝑇𝐸𝑉𝑅𝑆
           (19) 

 
Coelli et al. (2005) define scale efficiency as a ratio of technical efficiency scores obtained 

from DEA under the constant return to scale (CRS) and variable return to scale (VRS) 

assumptions. Scale efficiency is measured because a farm may be technically efficient but 

not scale efficient. Imperfect competition and financial constraints may cause farms to 

operate below optimal scale. A value of scale efficiency equal to one (SE=1) implies that the 

farm is scale efficient (optimal). If the value is less than one (SE< 1), it suggests the farm can 

be operating either in increasing (sub-optimal) or decreasing (super-optimal) returns to 

scale. To find whether a farm is operating at sub-optimal or super-optimal, a non-increasing 

return to scale (NIRS) restriction ∑ 𝜆𝑗𝑗 ≤ 1 is imposed in equation (17). The TENIRS is used to 

compute the ratio of scale efficiency (SEB) measured from TECRS/TENIRS. SEB can be used to 

show whether the scale inefficiency of a farm is too large or too small.  Increasing returns to 

scale is inferred when SEB=1 given that SE < 1, and decreasing returns to scale when SEB < 1 

given that SE < 1 (Mugera & Langemeier, 2011). 

5.2.2. BOOTSTRAP DEA 

In the second part, we measure the TE using the bootstrap model proposed by Simar and 

Wilson (1998; 2000) to address the limitation of DEA to analyse the sensitivity of efficiency 

scores due to sampling variations. This TE score will be used for further analysis of the 
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factors influencing the technical efficiency and counterfactual effects of implementing 

IndoGAP. A common criticism of DEA applications is that noise or random error is ignored 

due to the use of a linear programming (non-statistical) approach.  The bootstrap-DEA 

method seeks to address this problem, and as well as correcting for bias in estimation allows 

confidence intervals to be obtained.  The DEA-bootstrap approach was proposed in Simar 

and Wilson (1998).  Conceptually, bias corrected estimates are derived in two steps.  First, 

simulated data sets are drawn from the original data set, and pseudo-efficiency estimates 

for each shrimp farm are obtained.  The average deviation between the real and simulated 

values is then defined as the extent of the bias.  The empirical distribution of pseudo-

efficiency estimates can also be used to calculate confidence intervals. 

If we assume that shrimp farmers (DMUj, j = 1, …, n) use a vector of n inputs (𝑋 = 𝑥1, … , 𝑥𝑛) 

to produce shrimp and fish (𝑌). When we employ input efficiency measures for a given 

output level 𝑌, technical efficiency (TE) for the farmer j using a linear programming approach 

under the following specifications Simar and Wilson (1998): 

𝜃𝑘 = min{𝜃|𝜃𝑥𝑘 ∈ 𝑋(𝑦𝑘)}        (20) 

A given point (𝑥𝑘, 𝑦𝑘) defines the DEA input-oriented measure of efficiency. If 𝜃𝑘 = 1, the 

unit (𝑥𝑘, 𝑦𝑘) is considered as being “input efficient”. Input efficiency score 𝜃𝑘 = 1 indicates 

that the reduction of inputs in a feasible proportion that a DMU could be realized when 𝑦𝑘  

were produced efficiently. With the assumption of either constant return to scale (CRS) 𝜆𝑗 ≥

0 or variable return to scale (VRS) ∑ 𝜆𝑗 = 1, 𝜆𝑗 ≥ 0𝑛
𝑗=1 .  The VRS assumption is better 

accepted for farmers in the shrimp farming in Indonesia where small-scale farmers dominate 

the system (this assumption is tested later in this paper). The average TE scores 𝜃𝑗  arrange 

between 0 ≤ 𝜃 ≤ 1 for any individual farmer j. The bias is computed by estimating the 

pseudo-efficiency estimates (𝜃𝑘𝑗
∗ , … , … , … 𝜃𝑘𝑗

∗ ) by using a simulated data set drawn from 

the original data set. In particular, for the given unit (𝑥𝑘, 𝑦𝑘), the estimated bias is portrayed 

by: 

𝑏𝑖𝑎�̂�𝑘 =
1

𝑏
∑ �̂�𝑘,𝑏

∗
− �̂�𝑘

𝐵

𝑏=1

= �̅�𝑘
∗

− �̂�𝑘 (21) 

Therefore, the bias-corrected technical efficiency (TE-BC) score is depicted below: 

�̃�𝑘 = 𝜃𝑘 − 𝑏𝑖𝑎�̂�𝑘         (22) 
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The empirical distribution of 𝜃𝑘,𝑏
∗ , b=1,…, B provides, after correction for bias, confidence 

interval for 𝜃𝑘 .  

5.2.3. DETERMINANTS OF INDOGAP CERTIFICATION EFFICIENCY USING BOOTSTRAP TE 

The endogenous switching regression (ESR) model can be used to understand the 

determinants and impact of adoption of IndoGAP on TE.  Here the notation follows closely 

Lokshin and Sajaia (2004). The probit selection equation for IndoGAP certification is specified 

as follows:  

𝐼𝑖
∗ = 𝑍𝑖𝛼 + 𝑢𝑖 with {

𝐼𝑖 = 1      if 𝐼𝑖
∗ >  0

 𝐼𝑖 = 0    otherwise
      (23) 

and shrimp farmers face two regimes: (1) to implement, and (2) not to implement defined as 

follows:  

Regime 1:   𝑦1𝑖 = 𝛽1 + 휀1𝑖  if   𝐼𝑖 = 1 

Regime 2:   𝑦2𝑖 = 𝛽2𝑥2𝑖 + 휀2𝑖  if  𝐼𝑖 = 0 

In the above, 𝐼𝑖
∗ denotes the unobservable (or latent) variable for IndoGAP certification; 𝑍𝑖 

denotes a vector of observed farm and non-farm characteristics determining certification; 𝑦𝑗  

is the outcome variable (technical efficiency scores) in regimes 1 and 2; and 𝑥𝑗 represents a 

vector of exogenous variables thought to influence technical efficiency.  The vectors 𝛼 and 

𝛽𝑗  are parameters to be estimated via the method of maximum likelihood, with 𝑢𝑖, 휀1𝑖  휀2𝑖  

zero mean vectors with trivariate normal distribution and covariance matrix as defined in 

Lokshin and Sajaia (2004).  A specific concern with the decision to implement IndoGAP 

certification is endogeneity bias in selection equation.  In this application Training on 

IndoGAP certification was used as the instrument.  

By comparing the expected values of the outcomes of adopters and non-adopters in actual 

and counterfactual scenarios, the ESR framework can be used to estimate the average 

treatment effect of the treated, (ATT), and of the untreated (ATU),. Following Di Falco et al. 

(2011) and Shiferaw et al. (2014), ATT and ATU are calculated as follows:  

Farms that implement IndoGAP certification (observed in the sample): 

𝐸(𝑦1𝑖|𝐼 = 1; 𝑥) = 𝛽1𝑥1𝑖 + 𝜎𝜀1𝜆1𝑖                              (24)  

Farms that do not implement IndoGAP certification (observed in the sample): 
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𝐸(𝑦2𝑖 |𝐼 = 0; 𝑥) = 𝛽2𝑥2𝑖 + 𝜎𝜀2𝜆2𝑖        (25)  

Farms that did implement IndoGAP certification, had they decided not to implement 

(counterfactual): 

𝐸(𝑦2𝑖 |𝐼 = 1; 𝑥) = 𝛽2𝑥1𝑖 + 𝜎𝜀2𝜆1𝑖        (26)  

Farms that did not implement IndoGAP certification had they decided to implement 

(counterfactual): 

𝐸(𝑦1𝑖|𝐼 = 0; 𝑥) = 𝛽1𝑥2𝑖 + 𝜎𝜀2𝜆2𝑖        (27) 

The ATT is given by = 𝐸(𝑦12|𝐼 = 1; 𝑥) – 𝐸(𝑦2𝑖|𝐼 = 1; 𝑥)  

= 𝑥1𝑖(𝛽1 − 𝛽2) + 𝜆1𝑖(𝜎𝜀1 − 𝜎𝜀2)     (28)  

The ATU is given by  = 𝐸(𝑦1𝑖 |𝐼 = 0; 𝑥) – 𝐸(𝑦2𝑖|𝐼 = 0; 𝑥)  

= 𝑥2𝑖(𝛽1 − 𝛽2) + 𝜆2𝑖 (𝜎𝜀1 − 𝜎𝜀2)    (29)  

In the above ATT and ATU expressions, the expected change in the mean outcome, if 

IndoGAP farmers’ characteristics where similar to non-IndoGAP farmers, and vice versa, is 

captured by the 𝑥1𝑖(𝛽1 − 𝛽2) and 𝑥2𝑖(𝛽1 − 𝛽2) terms.  The second term in each equation 

𝜆1𝑖(𝜎𝜀1 − 𝜎𝜀2) and 𝜆2𝑖(𝜎𝜀1 − 𝜎𝜀2) captures all potential effects of the difference in 

unobserved variables.  Actual estimation was performed in Stata.  

5.2.4.  DATA DESCRIPTION 

The study was carried out in Sidoarjo, East Java, one of the largest traditional shrimp farming 

area in Indonesia. Shrimp farm is one of the main livelihoods in Sidoarjo since 30 percent of 

this area is brackish-water pond, a suitable environment for shrimp farming. The shrimp 

ponds occupy 15,530 hectares across eight sub-districts: Buduran, Candi, Jabon, Porong, 

Sidoarjo, Sedati, Tanggulangin, and Waru. The fish production from brackish water pond of 

Sidoarjo Regency contributes almost 4 thousand tonnes 2016. In addition, fisheries 

processing plants are also developed well in Sidoarjo because this district is very close to the 

second largest harbor in Indonesia.  

The data used in this research come from a survey of 179 shrimp farm households of 1,592 

traditional farmers. A survey questionnaire was prepared and administered by author and 

trained enumerators who collected data from households through personal interviews and 
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conducted between December 2016 and February 2017. In the first stage, the district was 

stratified into shrimp farm blocks (eight sub-districts) as primary sampling units. In the 

second stage, 53 IndoGAP certified farms were selected from a total of 58 certified farms, 

and 127 conventional shrimp farms were selected proportionally from every sub-district.  

Identified farmers answered a detailed questionnaire that focus on the management of the 

shrimp farm, inputs for the shrimp production, harvesting, and marketing of the shrimp 

yield, the certification process, and relations with buyers. Respondents were also made to 

provide information on household characteristics, social capital, and land tenure. Seven 

inputs and two outputs were used in the production process. Inputs included shrimp juvenile 

stocking (nauplius), fish juvenile stocking, labour, probiotics, lime, artificial feed and 

fertiliser. The two outputs were shrimp yield and fish yield, as some farmers used a 

polyculture system, where shrimp is cultured with fish. The sample statistics showed similar 

variability in farm characteristics between IndoGAP and non-IndoGAP farmers, with only a 

few exceptions. Overall, IndoGAP and non-IndoGAP farmers do not differ from each other in 

terms of household characteristics and farm characteristics. To some extent, the IndoGAP 

farmers had a larger mean pond size than non-IndoGAP farmers. In addition, IndoGAP 

farmers bought more fish juveniles, employed more labour and used more lime per hectare 

pond than non-IndoGAP farmers. These differences are expected to hold for the total 

population of farms and are not expected to bias the results. Under IndoGAP certification, 

shrimp farming must follow specific rules set by the Indonesian government; government 

officers inspect and monitor the farms to ensure compliance. Farmers must provide farm 

licences, pond layout plan, farm management structure and farm documentation. The 

assessment of farm practices includes the environment of pond location, water supply, 

layout, hygiene, water management, juvenile and input supplies, and the application of 

biological and chemical content. The certification terms impose restrictions on the 

application of antibiotics and hazardous content. IndoGAP certification has additional rules 

regarding input supplies, where farmers must use the input brands listed in the 

requirements.  
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TABLE 5.2. DESCRIPTIVE STATISTICS AND DEFINITION OF VARIABLES OF SHRIMP FARMERS IN THE RESEARCH AREA 

Variables Description unit Certified 

farmers 

N=53 

Uncertified 

farmers 

N=126 

Pooled data 

N=179 

Mean diff. 

Farming inputs and outputs     

Shrimp yield  Shrimp production/ha/period 100.11 103.67 102.61  3.55 

Fish yield Fish production/ha/period 152.29 190.70 179.33  38.41 

Shrimp stocking Juvenile shrimp stocking (fingerlings/ha/period) 32,204 31,361  31,610  843 

Fish stocking Juvenile fish stocking (fingerlings/ha/period) 4,625 4,174  4,307  451 

Labour Total labour (unit people x days/ha/period) 8.56 11.15 10.39  2.592 

Probiotics Probiotics (kg/ha/period) 209.33 12.65 70.88  196.682 

Lime Lime (kg/ha/period) 43.87 19.78 26.91  24.093** 

Feed Artificial feed (kg/ha/period) 185.81 196.58 193.39  10.768 

Fert Inorganic fertiliser (kg/ha/period) 7.83 11.34 10.30  3.509 

Farmer and farming characteristics     

Age Age of farmer (years)  46.981 45.786 46.140 1.195 

Educ Number of years farmer spent in formal schooling 11.849 9.944 10.508 1.905*** 

Off-farm job Dummy: 1 if farmer had off-farm job 0.491 0.460 0.469 0.030 

Experience Total number of years farmer has been farming shrimp 23.000 17.690 19.263 5.310*** 

Owner Dummy: 1 if farmer is pond owner 0.528 0.548 0.542 0.019 
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Variables Description unit Certified 

farmers 

N=53 

Uncertified 

farmers 

N=126 

Pooled data 

N=179 

Mean diff. 

Sharing Dummy: 1 if farmer employed profit-sharing method to pay farm 

operator  

0.811 0.794 0.800 0.018 

Group  Dummy:1 if farmer is member of a farmer group 96.23 78.57 83.80 17.65*** 

Fundinsd Dummy: 1 if funding source for shrimp farming is from internal 

household (saving and family/friend) 

47.17 42.86 44.13 4.31 

Chemicals Chemical compounds, may be used as herbicide, pesticide and 

disinfectant (l/ha/period) 

0.321 0.643 0.547 0.322 

Pond size Size of pond (ha)  13.16 5.94 8.08 7.21*** 

Organic  Dummy: 1 if farmer implemented Organic Standard 20.755 0.087 0.123 0.120** 

Certified nauplius Dummy: 1 if farmer bought certified nauplius (shrimp juveniles) 0.528 0.333 0.391 0.634 

Polyculture Dummy: 1 if farmer applied polyculture system 0.89 0.82 0.54 0.06 

Govt. distance Distance from pond to government office (km) 8.679 7.671 7.969 1.009 

Road Distance to nearest main road (km) 7.527 4.858 5.648 2.669 

Buyer distance  Distance to buyer (km) 4.909 4.265 4.456 0.644 

Path  Dummy: if production pathway has been developed (paving) 0.49 0.52 0.51 0.03 

Rel none Dummy: 1 if farmer had market relationship with his buyer 0.151 0.452 0.363 0.301*** 

Rel credit Dummy: 1 if farmer had credit (loan) relationship with his buyer 0.301 0.405 0.374 0.103 

Training Dummy: 1 if farmers had training on IndoGAP certification  0.830 0.294 0.453 0.536*** 

Notes:- ‘∗’, ‘∗∗’, and ‘∗∗∗’ = mean differences (t-test) between IndoGAP farmers and non-IndoGAP farmers are significant at the 10, 5, and 1% levels, respectively.  
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5.3. RESULTS 

5.3.1. TECHNICAL EFFICIENCY, SCALE EFFICIENCY AND INPUT SLACKS OF INDOGAP 

CERTIFICATION 

IndoGAP certification is a management procedure for aquaculture practices in Indonesia to 

produce safe fisheries supplies by managing aquaculture facilities, layout and location, 

legality, water quality and waste, and documentation. For example, IndoGAP requires the 

use of registered brands of artificial feed and fertiliser. Since implementation of IndoGAP 

certification does not include technology applications, the data from the two groups was 

pooled together to estimate TE if all farms did not have any technology gaps. Table 5.3 

reports the estimated TE for IndoGAP and non-IndoGAP farmers generated from the slack-

based DEA model under variable returns to scale (VRS), constant returns to scale (CRS), 

increasing returns to scale (IRS) and decreasing returns to scale (DRS) technologies. 

TABLE 5.3. INPUT-MIX TECHNICAL EFFICIENCY OF INDOGAP AND NON-INDOGAP SHRIMP FARMING WITH 

SLACK-BASED DEA MODEL 

 
VRS CRS IRS DRS Scale 

Pool 0.826 0.781 0.817 0.789 0.954 

 
(0.181) (0.189) (0.180) (0.191) (0.136) 

IndoGAP 0.793 0.718 0.789 0.721 0.924 

 (0.201) (0.206) (0.194) (0.214) (0.190) 

Non-IndoGAP 0.840 0.807 0.829 0.818 0.967 

 (0.171) (0.175) (0.173) (0.174) (0.104) 

Differences 

(IndoGAP vs non-IndoGAP) 

–0.047 –0.090*** –0.040 –0.096*** 0.043* 

(0.030) (0.030) (0.029) (0.030) (0.022) 

Notes: Calculations based on survey data. Standard deviations are in parentheses. VRS=variable returns to 
scale, CRS=constant returns to scale, IRS=increasing return to scale, DRS = decreasing returns to scale, 
Scale=scale efficiency; * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

 

The TE scores under variable return to scale (VRS) were higher for non-IndoGAP farmers 

than for IndoGAP farmers. The TE score for IndoGAP farmers under VRS was 0.793, 

indicating that IndoGAP farms could reduce input use by 20.7 percent, on average. The 

results also indicate that IndoGAP farmers had 4.7 percent lower TE than non-IndoGAP 

farmers, although the difference is not statistically significant. Similar results for TE occurred 
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under constant return to scale (CRS), increasing return to scale (IRS), and decreasing return 

to scale (DRS). Significance differences in TE scores between IndoGAP and non-IndoGAP 

farmers occurred under CRS, DRS, and scale efficiency. The scale efficiency was 0.924 for 

IndoGAP farmers and 0.967 for non-IndoGAP farmers. 

The frequency distribution of the input-use efficiency estimates and their summary statistics 

are presented in Table 5.4. Under slack based VRS DEA, there were 37.74 and 42.06 percent 

technically efficient IndoGAP and non-IndoGAP shrimp farms, respectively. There was 

significant variation in the mean estimates and distribution of the input efficiency measures. 

The standard deviation indicated a high degree of heterogeneity in input use across the 

farms. Overall, the TE of feed and fertiliser utilisation on IndoGAP regime was significantly 

lower than the non-IndoGAP regime. 

Probiotics utilisation had the highest mean input-use efficiency for both IndoGAP and non-

IndoGAP farmer groups, with scores of 0.921 and 0.930, respectively, suggesting that 

IndoGAP farms and non-IndoGAP farms could have produced the same output with 7.9 

percent and 7.0 percent fewer probiotics, respectively. Meanwhile, lime use had the lowest 

input-use efficiency for both IndoGAP and non-IndoGAP regimes, indicating that IndoGAP 

farmers and non-IndoGAP farmers could have produced the same output with 44.7 percent 

and 29.2 percent less lime, respectively.  
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TABLE 5.4. PERCENTAGE DISTRIBUTION OF INPUT-USE EFFICIENCY UNDER VRS FOR INDOGAP AND NON-INDOGAP FARMERS.  

Efficiency 

score 
Nauplius Fish juvenile Labour Probiotics Lime Feed Fertiliser Mix 

 IndoGAP non IndoGAP non IndoGAP non IndoGAP non IndoGAP non IndoGAP non IndoGAP non IndoGAP non 

0.0–0.49 5.66 7.14 22.64 7.94 26.42 19.84 5.66 7.14 49.06 34.13 26.42 15.08 13.21 19.05 9.43 4.76 

0.50–0.59 3.77 1.59 1.89 6.35 1.89 3.17 3.77 2.38 0.00 0.79 1.89 0.00 0.00 0.79 13.21 7.94 

0.60–0.69 9.43 3.97 3.77 3.97 3.77 7.94 3.77 1.59 0.00 0.79 0.00 0.00 0.00 0.00 11.32 9.52 

0.70–0.79 1.89 5.56 7.55 6.35 3.77 3.17 1.89 0.00 1.89 0.00 0.00 0.00 0.00 0.00 16.98 16.67 

0.80–0.89 5.66 6.35 1.89 11.11 3.77 3.17 3.77 3.17 0.00 0.79 0.00 0.00 0.00 0.00 7.55 16.67 

0.90–0.99 1.89 3.17 7.55 7.94 0.00 3.17 1.89 2.38 0.00 0.00 0.00 0.79 0.00 0.00 3.77 2.38 

1.00 71.70 72.22 54.72 56.35 60.38 59.52 79.25 83.33 49.06 63.49 71.70 84.13 86.79 80.16 37.74 42.06 

Mean TE 0.900 0.912 0.780 0.862 0.768 0.794 0.921 0.930 0.563 0.708 0.740 0.861 0.879 0.810 0.793 0.840 

SD 0.198 0.177 0.321 0.218 0.328 0.305 0.179 0.187 0.449 0.401 0.426 0.335 0.318 0.386 0.201 0.171 

Min. 0.202 0.295 0.062 0.016 0.083 0.023 0.269 0.225 0.002 0.002 0.001 0.000 0.005 0.005 0.327 0.378 

Max. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Diff. Mean  –0.012  –0.082**  –0.026  –0.009  –0.145**  –0.122**  0.069  –0. 047  

Notes: TE refers to the slack-based variable return to scale efficiency; Standard errors are in parentheses. 
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The returns to scale characteristics of farms are provided in Table 5.5.  In general, a higher 

number of non-IndoGAP farms operated at optimal scale compared to IndoGAP farms (73.81 

percent over 52.83 percent). Of the 53 IndoGAP farmers, 41.51 percent operated under 

increasing returns to scale (sub-optimal) and 5.66 percent operated under decreasing 

returns to scale (super optimal). This suggests that to operate at the most productive scale, 

41.51 percent of IndoGAP farms must expand both their inputs and outputs (see Cooper et 

al., 2000). For the optimal IndoGAP farms, the mean output for shrimp and mean fish were 

120 kg/ha and 171 kg/ha, respectively. The maximum optimal output for shrimp was 263 

kg/ha and that of fish was 501 kg/ha (Table 3.5).  

Of the 126 non-IndoGAP farms, 22.22 percent operated under increasing returns to scale, 

73.81 percent operated under constant returns to scale, and 3.97 percent operated under 

decreasing returns to scale. For the optimal farms, the mean output for shrimp yield and fish 

were 109 kg/ha and 184 kg/ha, respectively. The maximum output for shrimp was 500 

kg/ha, whereas the maximum output for fish was 751 kg/ha (Table 5.5). 

The results also suggest that there is considerable heterogeneity in farm characteristics for 

returns to scale. A detailed investigation of the relationship between pond size of shrimp 

farm in the sample and return to scale was undertaken. The results indicate that, strikingly, 

shrimp farms with a small pond producing bulk quantities were operating at decreasing 

returns to scale. Both IndoGAP and non-IndoGAP farms with larger ponds producing lower 

yields were operating at increasing and constant returns to scale.  

Farms can reduce inputs by the amount of slack without reducing outputs. Input overuse 

occurred in both IndoGAP and non-IndoGAP farmer regimes. The mean input slacks and 

excess input-use percentages are presented in Table 5.6. Both IndoGAP and non-IndoGAP 

farmers appear to use some inputs excessively. In both regimes, more than half of the inputs 

have more than 25 percent excess compared to input mean utilisation, including fish 

juveniles, labour, lime, and artificial feed. 

The highest excess for IndoGAP farms was lime, followed by artificial feed and labour. 

Accordingly, IndoGAP farms could reduce their lime use and artificial feed by almost 44 and 

26 percent, respectively, while maintaining shrimp and fish yields. For non-IndoGAP farms, 

the highest excess was lime, followed by labour and fertiliser. Accordingly, non-IndoGAP 
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farms could decrease their lime use by 29.20 percent and labour by 21 percent while 

maintaining shrimp and fish yields. Furthermore, IndoGAP farms had significantly higher 

input slacks of fish juvenile, lime and artificial feed than non-IndoGAP farms (Table 5.6), 

suggesting that the lower efficiency of IndoGAP farms compared with non-IndoGAP farms 

was mainly due to improper input use. Despite the high excess of input use, the utilisation of 

inputs was within the reasonable limits for shrimp farming as regulated by the government 

(MMAF, 2016) 
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TABLE 5.5. CHARACTERISTICS OF FARMS WITH RESPECT TO RETURNS TO SCALE WITH SLACK-BASED DEA UNDER INPUT-ORIENTED 

Returns to scale IndoGAP (N=53)   Non-IndoGAP (N=126)  

Percentage of 

farmers 

(%) 

Mean output 

shrimp  

(kg/ha) 

Mean 

output fish 

(kg/ha) 

Pond size 

(ha) 

 Percentage 

of farmers 

(%) 

Mean output 

shrimp  

(kg/ha) 

Mean 

output fish 

(kg/ha) 

Pond size 

(ha) 

Sub-optimal 41.51 69 105 19.00  22.22 81 192 6.49 

Optimal 52.83 120 171 9.40  73.81 109 184 5.87 

Super optimal 5.66 145 316 5.33  3.97 137 293 4.10 

 

TABLE 5.6. INPUT AND OUTPUT SLACKS AND PERCENTAGE OF FARMS USING EXCESS INPUTS WITH SLACK-BASED DEA  

Inputs 

 

IndoGAP (N=53)  Non-IndoGAP (N=126) Slack diff. 

Percentage 

of farms (%) 

Mean 

slack 

Mean input 

use 

Excess (%)  Percentage 

of farms (%) 

Mean 

slack 

Mean 

input use 

Excess (%) 

Nauplius 28.30 5,734 32,204 10.01  27.8 3,832 31,361 8.81 –1.20 

Fish juvenile 45.28 1,796 4,625 22.00  43.7 884 4,174 13.80 –8.19** 

Labour 39.62 3 8.56 23.24  40.5 3 11.15 20.62 –2.61 

Probiotics 20.75 2 209.33 7.85  16.7 3 12.65 6.95 –0.90 

Lime 50.94 33 43.87 43.72  36.5 10 19.78 29.20 –14.52** 

Feed 28.30 141 185.81 26.02  15.9 70 196.58 13.86 –12.16** 

Fertiliser 13.21 5 7.83 12.11  19.8 8 11.34 19.00 6.89 

Notes: Calculation is based on survey data; Standard errors are in parentheses; * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 
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5.3.2. INDOGAP CERTIFICATION: BIAS-CORRECTED DEA AND COUNTERFACTUAL EFFECT 

Technical efficiency scores for IndoGAP and non-IndoGAP farms were measured from bias-

corrected TE of pooled data and bootstrapping with 10,000 iterations10. Bootstrap DEA was 

conducted to determine the variability in TE estimation and to correct the bias inherent in 

the deterministic measurement in the case of IndoGAP implementation for shrimp farming 

in Indonesia.  

The TE scores from the bootstrap DEA under input-oriented analysis are reported in Table 

5.7. IndoGAP farms had significantly lower TE scores (0.4795–0.9993; mean 0.9126) than 

non-IndoGAP farms (0.5159–0.9992; mean 0.9601).  

The TE scores generated from the bootstrap DEA were higher than those generated from the 

slack-based DEA (Table 5.3). The pooled TE scores for slack-based DEA and bootstrap DEA 

were 0.826 and 0.946, respectively. The bootstrapped TE results imply that IndoGAP farmers 

had significantly lower TE than non-IndoGAP farmers, with TE scores of 0.9126 and 0.9601, 

respectively. This finding indicates a high level of operational heterogeneity between 

certified and uncertified farmers. Furthermore, the range of TE of shrimp farming in 

Indonesia is consistent with the findings of other empirical studies where the TE of shrimp 

farms in Asian countries ranged from 69 to 84.8 percent (see Alam & Murshed-e-Jahan, 

2008; Gunaratne & Leung, 1996; Kumar & Birthal, 2004). 

 

TABLE 5.7. BOOTSTRAPPED TECHNICAL EFFICIENCY OF INDOGAP AND NON-INDOGAP SHRIMP FARMING  

Group of samples Mean technical efficiency minimum maximum 

Pool 0.9460 (0.0972) 0.4795 0.9993 

IndoGAP 0.9126 (0.1313) 0.4795 0.9993 

Non-Indogap 0.9601 (0.0749) 0.5159 0.9992 

Differences  0.0475*** (0.0156) 0.0169 0.0782 

Notes: Calculation is based on survey data; Standard deviations are in parentheses; The above table reports 
mean technical efficiency scores bootstrapped with 10,000 iterations; Alpha = 0.05 (the size of confidence 

interval for the bias-corrected DEA score). * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

 

10 The ‘rDEA package’ in R (version 3.6.1) was used for the bootstrap DEA analysis. 
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To understand the determinants of farmers’ decisions on adopting IndoGAP certification, 

and its impact on their TE scores, we used ESR. The switching regression allows the use of 

estimated coefficients for the counterfactual impact of IndoGAP certification. In other 

words, the estimates will predict the outcomes of the treatment group had they not been 

treated, and the outcomes of the control group had they been treated. Among the variables 

considered in the selection equation of ESR, selecting instrument variables is critical for the 

two-stage estimations. Instrument variables are selected by identifying variables that have a 

high association with IndoGAP implementation, but low association with the outcome 

(technical efficiency). The falsification test for instrument variables is provided in Appendix 

5A.1. The relationships between shrimp farmers and their buyers (market/no relationship, 

credit relationship, or family/friend relationship) and IndoGAP training were selected as 

instrument variables. The regression of the ESR model was compared with the estimation of 

the truncated regression model. Bootstrap truncated regression appears to be relevant 

because implementation of IndoGAP certification does not systematically differ in 

technology; hence, estimations require corrections for sample selection due to observable 

and unobservable factors. 

Table 5.8 presents the estimated ESR results and Table 5.9 shows the estimated 

counterfactual average TE for both IndoGAP and non-IndoGAP regimes. From the selection 

model, we can confirm that education, fish juvenile and IndoGAP training had a positive 

relationship with IndoGAP certification. However, being a pond owner and market 

relationship11 were negatively associated with IndoGAP certification. These results are 

consistent with the expectation that farmers that more accepting of new knowledge and 

technology are more open about adopting IndoGAP.  

For the outcome regression function, some control variables were estimated to have a 

significant influence on the TE of both IndoGAP and non-IndoGAP regimes. Education, off-

farm job, certified nauplius, lime, and chemicals had a significant, positive association with 

TE in the IndoGAP regime, whereas good condition of the production path had a positive 

relationship with TE in the non-IndoGAP regime. However, farmer group members and fish 

 

11 Market relationship is a vertical relationship between famers and buyers driven by price offered by buyers 



CHAPTER 5. PUBLIC CERTIFICATION AND TECHNICAL EFFICIENCY IN SHRIMP FARMING 

 PAGE | 160 

stocking had a negative relationship with TE in the IndoGAP regime, while artificial feed and 

fertiliser had a negative relationship with TE in the non-IndoGAP regime. 

 

TABLE 5.8. REGRESSION RESULTS 

Variables Endogenous switching regression 

(dependent variable (selection eq.): binary treatment variable (0,1) 
(dependent variable (outcome equations): bootstrapped TE 

Selection (1/0) Outcome IndoGAP  Outcome non-IndoGAP 

Age  0.021 (0.021) 0.002 (0.003) 0.002 (0.001) 

Education  0.152*** (0.050) 0.013** (0.006) 0.003 (0.002) 

Experience 0.030 (0.019) –0.000 (0.002) 0.000 (0.001) 

Owner –0.531* (0.312) –0.004 (0.036) –0.012 (0.014) 

Off-farm job 0.210 (0.318) 0.063* (0.036) 0.011 (0.013) 

Sharing  0.398 (0.375) –0.040 (0.043) –0.000 (0.017) 

Group  1.227 (0.847) –0.186* (0.107) –0.032 (0.022) 

Funding source inside –0.121 (0.325) –0.053 (0.035) 0.004 (0.014) 

Pond  0.023 (0.022) 0.001 (0.001) 0.000 (0.001) 

Shrimp stocking  0.000 (0.000) –0.000 (0.000) 0.000 (0.000) 

Certified nauplius 0.385 (0.341) 0.070** (0.032) –0.001 (0.015) 

Fish stocking 0.000* (0.000) –0.000*** (0.000) 0.000 (0.000) 

Lime  0.004 (0.003) 0.001*** (0.000) –0.000 (0.000) 

Feed  –0.000 (0.000) 0.000 (0.000) –0.000* (0.000) 

Probiotics 0.000 (0.001) –0.000 (0.000) 0.000 (0.000) 

Chemicals  0.011 (0.103) 0.041*** (0.016) 0.001 (0.004) 

Fertiliser 0.003 (0.010) –0.005*** (0.002) –0.001** (0.000) 

Labour  –0.027 (0.021) –0.001 (0.002) 0.000 (0.001) 

Main road distance 0.008 (0.011) –0.001 (0.001) 0.002 (0.001) 

Govt. distance –0.014 (0.020) 0.002 (0.002) 0.000 (0.001) 

Path12  –0.195 (0.287) 0.066** (0.031) 0.021* (0.013) 

Buyer distance –0.002 (0.028) –0.004 (0.004) –0.003*** (0.001) 

Training IndoGAP 1.474*** (0.328)   

Relation with buyers    

 

12 Path represents development of production pathways; usually, pathways were covered with paving by local 
government instead of soil or grass. 
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Variables Endogenous switching regression 

(dependent variable (selection eq.): binary treatment variable (0,1) 
(dependent variable (outcome equations): bootstrapped TE 

Selection (1/0) Outcome IndoGAP  Outcome non-IndoGAP 

a. Market relation13 –1.118*** (0.383)   

b. Credit relation14 –0.533 (0.375)   

Constant –5.721*** (1.632) 0.843*** (0.191) 0.884*** (0.064) 

Log-likelihood 158.33125   

Wald X2 52.40***   

Sigma  –2.369*** (0.110) –2.713*** (0.063) 

Rho   0.384 (0.374) –0.027 (0.454) 

Notes: Calculation is based on survey data; Standard errors are in parentheses; * Significant at 10%, ** 
Significant at 5%, *** Significant at 1%. 

 

The estimates presented in the last two rows of Table 5.8 account for the estimated 

covariance terms together with the result from a Wald test of joint independence of all 

equations (Fuglie & Bosch, 1995; Lokshin & Sajaia, 2004). Both the estimated coefficients of 

the correlation terms (rho) did not significantly differ from zero. The statistical result 

suggests that the hypothesis of the absence of sample selectivity bias may not be rejected. 

However, differences in the coefficients of the TE function between certified and uncertified 

farmers illustrate the presence of heterogeneity in the sample.  

Switching regression allows the use of estimated coefficients for IndoGAP farmers to predict 

TE values for non-IndoGAP farmers had they implemented IndoGAP and the TE values of 

IndoGAP farms had they not implemented IndoGAP. Table 5.9 presents the predicted values 

from the regression and the estimated counterfactual average TE and compares the 

predicted values from the regression with the actual TE scores obtained from the 

bootstrapped DEA estimation under input-orientation. The results show that IndoGAP farms 

would likely increase their TE had they not implemented IndoGAP certification. Conversely, 

counterfactual TE of non-IndoGAP farms shows that they would have had lower TE had they 

implemented IndoGAP certification.  

 

13 Market relation is a vertical relationship between famers and buyers driven by price  

14 Credit relationship is a vertical relationship between famers and buyers driven by credit provided by buyers 

for farmers’ operational costs 
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TABLE 5.9. SUMMARY OF RESULTS ATT OF TECHNICAL EFFICIENCY 

Outcome 

variable 

Farm household type and 

treatment effects 

Decision stage Average 

treatment 

effects 
To 

implement 

Not to 

implement 

TE  

Household that adopt (ATT) 0.9124 0.9676 –0.0552*** 

(0.0130) (0.0105) (0.0150) 

Household that did not adopt 

(ATU) 

0.8546 0.9601 –0.1055*** 

(0.0138) (0.0030) (0.0126) 

Notes: Calculation is based on survey data; * Significant at 10%, ** Significant at 5%, *** Significant at 
1%. 

 

5.4. CONCLUSION 

The efficiency estimates suggest that farms that implement IndoGAP certification are less 

efficient than those who do not (non-IndoGAP). Despite the negative impact of IndoGAP 

certification on the TE score, efficiency scores measured by both slack-based and 

bootstrapped TE under input-oriented variable returns to scale were relatively high for both 

IndoGAP and non-IndoGAP shrimp farms (0.793 and 0.840, respectively from slack-based 

DEA estimation). A high TE of shrimp farms in Indonesia is consistent with the results of Alam 

& Murshed-e-Jahan (2008), who reported a TE of fresh-water prawn farms in Bangladesh of 

0.848 using input-oriented VRS DEA. Using a stochastic production frontier model, Begum et 

al. (2013) and Reddy et al. (2008) estimated that the TE of shrimp farms in Bangladesh and 

India were 0.82 and 0.93, respectively.  

The lower TE of IndoGAP farms than non-IndoGAP farms can be attributed to higher excess 

of some inputs. Use of fish juvenile, lime and artificial feed was significantly higher in the 

IndoGAP farms than the non-IndoGAP farms. A risk-seeking individual may prefer to use 

inputs to increase production yields and revenue. For efficiency to improve, farm input use 

needs to be reduced. Therefore, there is need for guidelines on appropriate input-mix that 

can maximize output. In addition, guidelines of recommended input usage for different 
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production scenarios are necessary. Training can be provided on input usage based on 

recommended guidelines. 

In addition, inefficiencies could occur due to random elements that are often associated with 

household characteristics or farm management. Fish stocking was negatively associated with 

TE score for IndoGAP farms but not for non-IndoGAP farms. This may explain why the 

IndoGAP regime had a lower TE score than the non-IndoGAP regime, as it had a higher mean 

slack of fish juveniles. Membership to farm group was negatively associated with TE of 

IndoGAP farms, suggesting that the interactions and discussions between farmers in a farm 

group need to improve to enhance the technical skills of farmers.  

In contrast, the use of certified nauplius was positively associated with TE of IndoGAP farms. 

This suggests that governments need to improve the availability of certified nauplius as well 

as access for small scale farms. The number of certified nauplius is limited in Indonesia as is 

access to certified hatchery units. In 2016, 73 certified hatchery units15 could provide 

certified nauplius, compared with more than 30,000 household fish hatchery units that were 

not certified (MMAF, 2016). Furthermore, chemical use was positively associated with TE of 

IndoGAP farms. Gräslund and Bengtsson (2001) stated that chemicals in shrimp farming was 

common in Southeast Asia to kill predators and prevent diseases so that production 

efficiency was enhanced. However, IndoGAP certification prohibits chemical use on shrimp 

farms because it can harm human health. Research on chemical substitutes is needed as 

chemical use is still common in shrimp farms in Indonesia. Furthermore, the development of 

a production pathway by local government was positively associated with TE of both groups. 

This suggests that to improve the efficiency of shrimp farms, governments need to consider 

expanding infrastructure supports for aquaculture practices.  

The main conclusion from this analysis is that IndoGAP certification may not increase the TE 

of shrimp farms in Indonesia. However, this is to be interpreted with caution as the TE 

estimates were standardizing the measures used on a per hectare basis. On average, the 

actual outputs of IndoGAP certified farms are higher than those from non-IndoGAP certified 

 

15 Certified hatchery units that provide fish juveniles for brackish-water aquaculture practices are usually 

developed and owned by local and central governments  
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farms (see Appendix 5A.2), with 39.6 percent higher shrimp yields, 42.4 percent higher fish 

yields and 40.3 percent higher total revenue than non-IndoGAP farmers. 

Despite the lower TE scores and higher actual outputs for IndoGAP farmers, FSS 

implementation is important for producers to preserve the safety and traceability of 

products to enhance the competitiveness of Indonesian shrimp products in global markets. 

Therefore, the government needs to set policy interventions and research applications to 

improve the efficiency of IndoGAP certification. 
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APPENDICES 

APPENDIX 5A.1. FALSIFICATION TEST ON THE VALIDITY OF SAMPLE SELECTION 

 Dependent variables 

Independent variables 

Model 1:  Model 2:  

Probit model: IndoGAP 

implementation (1/0) 

Regression: Robust TE on 

uncertified IndoGAP farmers   

Training 1.244*** (0.238) –0.008 (0.009) 

Relationship with buyer   

Market relationship –1.178*** (0.300) 0.014 (0.949) 

Credit relationship –0.727*** (0.273) –0.008 (0.009) 

Intercept –0.581** (0.264) 0.014*** (0.949) 

Wald test 62.27*** 0.21*** 

Pseudo-R2/R-squared 0.2863 0.0052 

Notes: Calculation is based on survey data; Model 1 is estimated using a probit model, and Model 2 is 
estimated using OLS; Sample size is 126 farmers; Standard errors are in parentheses; * Significant at 10%, ** 
Significant at 5%, *** Significant at 1%. 
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APPENDIX 5A.2. CHARACTERISTICS OF FARMS WITH RESPECT TO SHRIMP AND FISH YIELDS BASE ON RETURNS TO SCALE CHARACTERISTICS  

Return to scale 

IndoGAP (N=53)  Non-IndoGAP (N=126) 

Shrimp yield 

(kg) 

Fish yield 

(kg) 

Shrimp 

revenue 

(USD) 

Fish 

revenue 

(USD) 

Total 

revenue 

(USD) 

 
Shrimp 

yield (kg) 

Fish yield 

(kg) 

Shrimp 

revenue 

(USD) 

Fish 

revenue 

(USD) 

Total 

revenue 

(USD) 

Sub-optimal 1,311  1,995  8,629  2,088  10,717   526  1,246  3,531  1,266  4,798  

Optimal 1,128  1,607  7,425  1,683  9,107   640  1,080  4,298  1,098  5,396  

Super optimal 773  1,684  5,087  1,763  6,850   562  1,201  3,773  1,221  4,994  

Average 805 1,324 4,608 1,566 6,174  434 884 2,785 901 3,686 

Note: USD 1 equal to IDR 13,309.62 when the fieldwork was undertaken (January 2017) 
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APPENDIX 5A.3. DISTRIBUTION OF BOOTSTRAPPED TECHNICAL EFFICIENCY OF INDOGAP AND NON-INDOGAP 

SHRIMP FARMING 

 

  

a. Kernel density distribution for TE of IndoGAP 
farms 

b. Kernel density distribution for TE of non-
IndoGAP farms 
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CHAPTER SIX: GENERAL DISCUSSION AND POLICY IMPLICATIONS 

6.1. OVERVIEW 

Food safety standards (FSS) are essential regulations for accessing and participating in global 

food markets. The standards are a set of criteria that food must meet to be considered fit for 

human consumption; this includes being free from hazards that have the potential to cause 

adverse health effects in humans. Applying FSS can prevent food damage caused by 

contamination and foodborne risks. Aquaculture products can be exposed to  potential 

health hazards during the production process, mainly from feed additives, chemical inputs, 

and antibiotics. The presence of antibiotics in water and sediment can harm microbiological 

diversity and ecological balance, which can trigger the growth of resistant genes of pathogen 

bacteria (Cabello, 2006). The negative impact is exacerbated by environmental degradation 

as a result of human waste contamination, which leads to uncontrolled growth of bacteria 

and viruses such as E. coli, Salmonella, S. aureus, Vibrio and Pseudomonas (Edward, 1992; 

Sapkota et al., 2008). Shrimp is the most traded aquaculture product in global markets (FAO, 

2018). Shrimp products are generally produced in the global south, mainly in developing 

countries, and are the main source of foreign exchange and livelihoods for many small-scale 

producers. With the growing increase in shrimp production and trade, in general, the 

demand for safe food is increasing.  

The economic benefits of implementing FSS is debatable, particularly in developing 

countries, as smallholder farmers struggle to comply with the standards due to problems 

with accessing capital, technology, and market information, poor infrastructure and low 

education levels (Trienekens, 2011). Other external aspects that remain a challenge in 

implementing FSS include the lack of a legal framework to enforce the standards and limited 

coordination (De Silva, 2011; Henson & Loader, 2001; Hooker et al., 1999). Hatanaka (2014) 

identified communication, implementation, and enforcement as the major problems in FSS 

compliance. 

Food safety standards are essential for enhancing smallholder incomes, improving market 

access and promoting farm products. Many studies have examined the positive impact of 

FSS and certification in farming (Bayramoglu et al., 2010; Chiputwa et al., 2015; Kleemann et 

al., 2014; Kuwornu & Mustapha, 2013; Subervie & Vagneron, 2013) by comparing the 
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implementation of private FSS between actors who comply with the standards or 

certification and players who follow conventional practices. However, there has been little 

focus on the economic benefits of implementing FSS for small-scale producers in the 

fisheries sector. Studies on the fisheries sector have primarily focused on sustainability and 

eco-certification (Lallemand et al., 2016; Pérez-Ramírez et al., 2012; Roheim et al., 2012; 

Tlusty, 2012; Vandergeest & Unno, 2012). Studies on FSS and certification of fisheries 

products have focused on the challenges of implementation, and its impact on export 

access, market share and trade value (Anders & Caswell, 2009; Henson et al., 2000; Tran et 

al., 2014; Xie et al., 2013). 

The impact of FSS adoption and certification on the shrimp supply chain is poorly 

understood. There is a lack of knowledge regarding the determinants and effects of FSS 

implementation on the economic performance of small-scale shrimp farms and how this 

affects market channel selection. Also, empirical evidence for the efficient coordination of 

food safety management in the shrimp value chain remains low. In this context, the 

development of public certification for implementation by small-scale fish and shrimp 

farmers has become a prominent strategy to promote the adoption of FSS to access specific 

markets and get a premium price, because private standards involve high costs of 

compliance and investments. Public standards require minimum prerequisites regarding 

quality and food safety of final products (Hammoudi et al., 2009), while private standards 

complement public standards for accessing a market and increasing profits (Henson & 

Reardon, 2005). Public certification is adopted from international bodies and harmonised 

between the minimum level of public standards and the arduous requirements of private 

certification. It is then adjusted for small-scale capacities to reach the international market 

grade (Bagumire et al., 2009; Kamaruddin & Baharuddin, 2015; Trienekens & Zuurbier, 

2008).  

This thesis evaluated the effect of FSS implementation and certification on governance 

structure, farm performance and market channel selection in the shrimp supply chain in 

Indonesia. Four related objectives were addressed: (i) aligning FSS types and governance 

structures of the shrimp supply chain in Indonesia; (ii) analysing the critical determinants for 

the adoption of public certification for fish farming and its impact on farm performance, with 

a case study on implementing Indonesian Good Aquaculture Practice (IndoGAP) for shrimp 
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farming in Indonesia; (iii) analysing the determinants of market channel selection by small-

scale shrimp farmers in Indonesia, shaped by vertical coordination and FSS implementation, 

and its impact on farm performance (shrimp yield, total revenue, variable costs, and net 

profit); and (iv) analysing the technical efficiency (TE) of IndoGAP certification, the factors 

that influence TE scores, and counterfactual impacts of implementing IndoGAP on the TE of 

shrimp farms. 

6.2. KEY RESEARCH FINDINGS 

Mere partial analysis of governance structure, farm performance or market channels is 

unlikely to provide enough insight for appropriate policy action on food safety standard (FSS) 

implementation. This study contributes to the literature on FSS by investigating governance 

structures shaped by FSS implementation. The study also contributes to the shrimp farming 

sector policies in Indonesia for the purpose of better policy design and intervention. In our 

analysis, differences in farm performance (production yields, total revenue, variable costs 

and net profit) and technical efficiency between IndoGAP and non-IndoGAP farms were 

evaluated. Furthermore, selection of marketing channels of shrimp farms was also analysed.  

Chapter 2 identified the type and characteristics of FSS in the shrimp supply chain in 

Indonesia and the emergent governance structures. The study found that public and private 

FSMS were implemented in different governance structures. Implementation of public FSMS 

and certification where small-scale producers were involved had a diverse form of the 

governance structure. The major contributory factors shaping the governance structure of 

public FSMS were the fragmented types of public standards certification for every actor in 

the shrimp supply chain in Indonesia and the different enforcement applied. The 

fragmentation of public FSMS was aggravated by the absence of certification at the 

intermediary level. The safety of public FSS products was confirmed only by final product 

testing (performance control form) at the downstream level. Product testing is performed 

randomly to the products arrived in a processing plant unit. The processing plants have their 

own laboratories to check the organoleptic, microbiology and chemical materials. 

Consequently, the traceability of safety products was contested. In contrast, the 

implementation of private standards (the Organic Standard) was chain-wide, coordinated 

with the absence of intermediaries in the supply chain. Farmers who wanted to join the 

export market had to follow the contract requirements, as set by a multinational company in 
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Indonesia. The safety of Organic Standard products was confirmed by the combination of 

process and product performance. As a result, the uncertainty and traceability issues in 

Organic Standard are low.  

Chapter 3 used the endogenous switching regression model to investigate the determinants 

of adoption of IndoGAP certification and to estimate the counterfactual effects of producer-

level certification on farm performance for shrimp producers in Indonesia. The study found 

that some household characteristics, such as age and formal education of household head, 

influenced the adoption of IndoGAP certification. Farm management practices, such as fish 

stocking, nauplus size, use of organic fertilizer and tilapia as fish type also had a significant 

association with adoption. Other important variables with a significant association with the 

adoption of IndoGAP certification include processing plant as a market destination, types of 

relationship between farmers and buyers, and training on IndoGAP certification. 

Furthermore, the counterfactual analysis showed that IndoGAP certification had a positive 

impact on shrimp yield and reduced variable costs, but had negative impacts on fish yield, 

total revenue, and net profit. For example, IndoGAP farmers would increase their net profit 

if they dis-implemented IndoGAP certification; in contrast, non-IndoGAP farmers would 

decrease their net profit if they implemented IndoGAP certification.  

IndoGAP certification lowered the profits of shrimp farming because IndoGAP farms 

produced lower fish yields and generated lower revenues than non-IndoGAP farms. The 

lower revenue was attributed to the significantly lower price received by certified farms. 

Jena et al. (2012) and Valkila and Nygren (2010) argue that implementing FSS did not 

increase the farmer income due to the lack of premium prices offered. Nevertheless, the 

lower price may not be linked with lower quality and size of shrimp but rather the buyer 

type and vertical relationship that forms between farmers and buyers. In contrast, some 

studies have shown that certification reduces yield but positively increases income due to a 

higher price and lower costs of certified products (Bayramoglu et al., 2010; Jena et al., 2017).  

In Chapter 4, the determinants of market channel selection by small-scale shrimp farmers 

where FSS are involved were examined as well as the impacts of market channel selection on 

farm performance (shrimp yield, total revenue, variable costs, and net profit). Three market 

channels considered were collector, wholesaler (big collector/supplier), and shrimp 

processing plant. Three different models—multinomial logit (MNL), maximum simulated 
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likelihood (MSL), and two-stage least square (2LS)—produced similar results; that is, some 

factors of farm management and technology, the funding source for farm operations, 

market distance, and the relationship between farmers and their buyers influenced market 

channel selection by shrimp farmers. Distance to buyers was positively correlated with 

market channel selection. Farmers in remote areas may decide to select export and 

processing channels due to poor logistical facilities to distribute to urban markets (Arinloye 

et al., 2015).  

The most important finding in this chapter was that IndoGAP certification did not influence 

market channel selection by shrimp farmers in Indonesia. That is, shrimp markets did not 

consider public certification at the farm level, such as IndoGAP. These findings relate to the 

results from Chapter 3 that IndoGAP certification had negative impacts on the total revenue 

of shrimp farmers.  

The impact of market channel selection on farm performance (shrimp yield, total revenue, 

variable costs, and net profit) was evaluated using MSL and 2SLS models. Shrimp farmers 

who marketed their products through wholesalers had significantly higher shrimp yields, 

revenue and variable costs than those who marketed through collectors. Some of farms with 

wholesaler channels had operated a semi-intensive farming system that led to higher shrimp 

due to higher stocking density and technology involvement (waterwheels and artificial 

feeds). Hence, those improvement of technology and shrimp stocking would increase 

variable costs of farming. Furthermore, the impact of selecting the processor channel, 

relative to the collector channel, had a positive association with shrimp yield, but no impact 

on total revenue, variable costs or net profit. Interestingly, some variables influenced farm 

performance differently. For example, the polyculture system had a significant, positive 

association with variable costs but a negative association with profit. The use of fish 

juveniles in polyculture systems, compared to monocultures, may increase the variable 

costs; consequently, net profits are impacted negatively by the fish juvenile costs.  

Another concern regarding the impact of FSS is on the technical efficiency (TE) of shrimp 

farming. Specifically, the TE of IndoGAP implementation was analysed in Chapter 5 using 

slack-based DEA and bootstrap DEA. Slack-based DEA is used to deal with input excesses for 

every sample, while bootstrap DEA is used to correct sample bias to analyse the bias-

corrected TE scores using endogenous switching regression (ESR) for counterfactual impacts 
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of IndoGAP implementation. The results imply that IndoGAP farms have a lower TE score 

than the non-IndoGAP farms on both slack-based DEA and bootstrap DEA measures, 

indicating that certified farms are less efficient at using inputs to produce a certain level of 

outputs than uncertified farms. The fact that certified farms had higher input slacks is 

interesting in that those inputs are expected to improve output capacity; it is possible that 

certified farms produced lower fish yields than uncertified farms due to the restrictions on 

inputs permitted in shrimp farming. Forcing certified farms to be more cautious with input 

use may influence the growth of fish production in the certified regime. Hence, the low fish 

yield as a complementary output to shrimp yield may affect the TE of certified farming. 

The counterfactual measure indicated that IndoGAP certification had a negative impact on 

the TE generated from bootstrap DEA. IndoGAP farmers would increase their TE scores if 

they dis-implemented the IndoGAP certification; in contrast, uncertified farmers would 

decrease their TE scores if they implemented the IndoGAP certification. The combined effect 

of input use and farm-specific characteristics influenced TE, even though the individual 

effects of some variables were not significant. Formal education, off-farm job, certified 

nauplius, lime, and chemicals had a significant, positive association with the TE of certified 

farmers, whereas farming group members and fish stocking had a negative association with 

TE of certified farmers. Thus, restrictive input use can be a major cause of lower TE since FSS 

are required to conform to the certification practice. Interestingly, fertiliser had a negative 

association with TE for both certified and uncertified farmers, whereas the production 

pathway (whether it is developed or not) had a positive association with TE for both regimes. 

However, the TE estimates were measured per hectare per farming period of outputs. 

IndoGAP farmers had larger pond size, which generated low outputs in the standardised 

measurements (outputs/ha/period). Therefore, if the estimates were linked to the scale of 

efficiency, IndoGAP implementation had positive outputs. IndoGAP certification generated 

higher actual shrimp yields, fish yields, and total revenue in terms of return to scale 

characteristics. 

To conclude, FSS implementation influenced governance structures of the shrimp supply 

chain and performance of shrimp farms in Indonesia. Public voluntary certification, i.e. 

IndoGAP certification, improved yields of uncertified farms if they adopted and reduced 

variable costs; however, IndoGAP did not enhance fish yield, total revenue or net profit. 
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These results are generated from the fragmented standard types for every actor in the 

supply chain and different enforcement of the implementation. The mandatory enforcement 

of standards at the downstream level is followed by voluntary implementation at the 

upstream level of the supply chain. Also, the absence of standards at the intermediary level 

causes performance ambiguity, which generates unimproved prices for certified farmers. 

Also, excess input use by certified farmers aggravates the negative influence of IndoGAP 

certification on productive efficiency. Consequently, the implementation of IndoGAP 

certification at the producer level did not increase shrimp yields, profits or TE of shrimp 

farmers in Indonesia on a per hectare per period basis. 

The negative impact of public FSS and certification at the small-scale must not be interpreted 

as not beneficial for the actors in the supply chain. The implementation of public FSS is 

important for enhancing the competitiveness of shrimp products in global markets due to 

the high demand of FSS and high investment of private standards. Furthermore, IndoGAP 

certification for small-scale farmers generated higher actual shrimp yields, fish yields, and 

total revenue; however, certified farmers had significantly larger ponds than uncertified 

farmers, which reduced their farm performance in the standardised measurement (per 

hectare measurement). 

6.3. POLICY IMPLICATIONS AND IMPROVEMENT OPTIONS 

Improving food safety of shrimp products has been an important policy for fisheries exports 

in Indonesia. The demand for FSS has increased in global markets due to the increase in 

aquaculture production and trade proliferation (Sapkota et al., 2008). However, 

implementing private standards is not a viable option for small-scale producers as it has high 

costs and complex requirements. The Indonesian government has adopted various policy 

reforms and domestic support measures, such as the development of public certification, for 

small-scale producers. This study identified the type and characteristics of FSS and its nexus 

with forms of governance structure of the shrimp supply chain. This study also examined the 

determinants and impacts of FSS and certification on farm performance, TE and market 

channel selection by shrimp farmers in Indonesia. Thus, the benefits and drawbacks will be 

taken into consideration for further policy reforms in FSS implementation in the fisheries 

sector in Indonesia.  
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Implementation of FSS has been the major policy action aimed at improving safety of 

fisheries products. The main purpose of implementation FSS in fisheries sector is to lower 

food safety risks, enhance traceability in the supply chain and improve competitiveness in 

global market. In some developing countries, implementation FSS may offer access to 

specific markets and receive premium price (Belton et al., 2011; Vandergeest & Unno, 2012; 

Ward et al., 2011).  

IndoGAP, as a public certification, was implemented for aquaculture practices in Indonesia in 

2014; hence, this certification is barely recognised in global fisheries markets. However, the 

implementation of public certification can be economically justified to address market 

failures and poor safety experienced by producer countries where small-scale farmers are 

involved. While public certification, such as IndoGAP, can enhance food safety, the benefit of 

implementing public certification is contested. Hence, this section summarises policy 

implications and options for improvement, based on the findings of this thesis and prior 

research evidence. These findings are significant for policy because adopting FSS and 

certification in the fisheries value chain and small-scale farmers is an effective strategy for 

improving the safety and quality of seafood products as well as product competitiveness and 

sustainability in global markets.  

The finding that the shrimp value chain faces coordination problems is of interest to 

policymakers (Chapter 2). This finding corresponds with qualitative evidence that public FSS 

and certification have had an inefficient governance structure due to safety uncertainty and 

traceability problems, new investments, and high performance-ambiguity. Such transaction 

attributes have generated high uncertainty and poor traceability of safe shrimp. Monitoring 

food safety is done by examining final products at the end of the supply chain (processing 

plants/exporters). Hence, labeling for certified shrimp suppliers is needed when traceability 

is of interest and certification at the intermediary level is yet to be developed. Market 

specification is also a crucial option for improving traceability. These policy reforms need 

action downstream of the chain. The government should enhance law enforcement by 

accepting certified supplies at the processor level. The government needs to ensure that 

IndoGAP certification is a requirement for HACCP certification. This action also needs 

support from other policy reforms through the development of FSS at the intermediary level 

so that certified and uncertified products are distinguished in the supply chain. It is also 
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essential that policies level up the monitoring system of public certification at the farm node. 

In addition, the government needs to collaborate with processing plants to develop Organic 

Standards for shrimp farming to access specific markets and gain premium prices while 

increasing profits for small-scale farmers.  

Chapter 3 provided empirical evidence that adoption of public certification is positively 

influenced by age and formal education of shrimp farmers. In addition, public certification 

adoption is influenced by the types of vertical relationships between farmers and buyers. 

Since credit and market relations had a negative association with public certification; 

therefore, improving the adoption of public certification needs to be supported by improving 

access to formal credit and access to a specific market to enhance the price of certified 

shrimp to increase profit on farm level. Furthermore, our results provide reliable evidence 

that public certification in the fisheries sector in Indonesia has negative impacts on farm 

profits. When shrimp yields and variable costs of certified farmers are positive but net 

profits cannot be improved, then the price of shrimp is of interest. Improving vertical 

relationships between farmers and buyers is needed to enhance the shrimp price at the farm 

level. This can be done by enhancing access to formal credit and promoting farm 

cooperation to improve the bargaining position of farms and provide alternative markets. 

Also, the requirements for IndoGAP certification should not only focus on aquaculture 

facilities, layout and location, legality, water quality and waste, and documentation but also 

technology enhancement. For example, the government needs to consider the technology of 

wastewater treatment plans as a requirement for improving the safety of aquaculture 

products.  

Furthermore, a regulation exists that obligates processing plants to receive shrimp only from 

certified farms; however, it is not enforced. Empirical evidence on the impact of FSS 

implementation on market channel selection showed that market access did not differ for 

IndoGAP certification by small-scale farmers, nor did profits. The implementation of FSS 

needs supply chain development to manage the marketing of shrimp products. The 

government needs to involve intermediaries (collectors and wholesalers/suppliers) and 

processing plants/exporters in policy intervention, to increase prices or differentiate market 

access for certified products. Despite addressing premium prices and market specialisation, 

separating certified and uncertified products needs to be harnessed at every level of the 
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supply chain to enhance product traceability when the competitiveness for Indonesian 

shrimp is a concern. Also, it is attractive to promote organic farms for small-scale farms 

through the collaboration of governments and processing plants.  

The finding that farmers had an excess of farm inputs is of interest to policymakers (Chapter 

5). This finding corresponds with compelling evidence that certified farmers had higher 

excess use of some inputs, suggesting that IndoGAP farmers, may have difficulties adapting 

to the certification requirements, which translates into low performance in terms of TE that 

requires maximum attention in monitoring and assessment. Monitoring and supervision 

schemes need a policy reform to strengthen the evaluation of FSS implementation by 

monitoring input use and educating small-scale farmers on optimising inputs. Practical 

guidelines on appropriate input-mix usage for different production scenarios are needed to 

maximize output. In addition, on-the-spot training involving local experts and extension 

agents is needed based on recommended guidelines in aquaculture management. This may 

require the involvement of local government and extension officers to intensify the 

monitoring and assessment of farm practice. Furthermore, interactions and discussions 

between farmers in farm groups need to improve to enhance the technical skills of farmers. 

Improving the availability and access to certified nauplius for small-scale farms is crucial to 

enhance the efficiency of certified farms. Finally, local governments must consider extending 

the development of production pathways as they increased the TE of shrimp farms.  

6.4. LIMITATIONS AND FUTURE RESEARCH NEEDS 

There are several limitations to this analysis: (1) the survey data were only collected in one 

district in Indonesia due to time and financial resource constraints. As a result, this study 

relies on a small data set of 34 in-depth interviews for qualitative analysis and 182 samples 

for empirical analysis. In addition, the researcher had difficulties entering fisheries 

processing plants. Thus, managers of only four fisheries processing plants could be 

interviewed for this research; (2) like in many other developing countries, farmers in 

Indonesia generally do not keep good records of farm activities over the years. Due to the 

non-availability of farm records, the presented estimates were generated from the 

prediction of farmers’ previous activities on farming; and (3) the available production 

datasets lacked some relevant variables, such as agroclimatic factors, water quality, weather 
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variability, and agricultural extension. The research focused on the benefit-cost analysis and 

aspects related to FSS implementation.  

There is a limited number of shrimp farmers that have been certified by IndoGAP in the 

research area; this can a limitation, such that potential problems related to sample selection 

and representation cannot be avoided. In addition, this study could only include IndoGAP 

certification as a variable for market channel selection. It would have been interesting to 

have investigated the impact of FSS implementation on market channel selection by 

clustering IndoGAP implementation. Furthermore, improving the TE score of certified 

farmers may require studies that focus on species requirements for a polyculture system to 

enhance efficiency and productivity. Since the fish species used in the research area are 

milkfish or tilapia, research is needed to examine farm performance and productivity of 

farming shrimp with other species such as seaweeds, clams or other fish species. Seaweed is 

not only the largest traded aquatic plant (FAO, 2018), but also has environmental benefits 

for the shrimp pond (Martínez‐Porchas et al., 2010). Further, it would be interesting to 

separate the analysis between the aquaculture system: traditional and semi-intensive, or 

polyculture and monoculture.  
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