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Abstract: 

The adoption of food standards to regulate product characteristics or its processing methods is widely 
widespread. Food economics literature has intensively explored the firm incentives for the adoption of 
safety and quality standards. A growing body of literature discusses on voluntary standards as alternative 
forms of governance of vertical relationships due to the increase of information transparency provided. 
There is a gap in the understanding of the determinants leading food firms to choose such alternative forms 
of transaction governance. The present study aims at exploring the significant drivers of voluntary standard 
adoption. To answer the questions we start from Transaction Cost Economic theory and we refer to an 
extended conceptual framework based on transaction risks, namely, risks arising from the opportunistic 
behaviour of economic agents (internal risks) and other risks related to unexpected changes in the economic 
environment (exogenous risks). Data was collected through interviews on an EU representative survey 
concerning the “non-GMO” voluntary standard in the soybean supply chain. The survey includes 363 
companies from 15 EU countries. Preliminary results of the logit model suggest a positive relationship of 
transaction internal risks with the adoption of the voluntary non-GMO standard and a negative relationship 
of exogenous risks with the implementation of the standard.  
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1. Introduction  

The adoption of standards to regulate product characteristics or its processing methods is 

widely widespread. Also in the food sector it is possible to observe an increasing number of 

different standards which can be set up both by public and private institutions. Public 

institutions, i.e. policy  makers, are mainly involved in the implementation of standards aimed 

at correcting market failures associated to food safety or environmental protection. Private 

institutions create standards which are mostly direct to the reduction of market inefficiencies 

related to information asymmetry of the stakeholders of the food value chains, like, for 

example, the provision of increased information to consumers on food quality characteristics 

or the reduction of unfair practices among supply chain partners and the management of 

liabilities in vertical relationships (Fischer et al., 2010). 

In the last decades, there is a proliferation of voluntary standards set up by private institutions 

which lead to an increase of food product quality transparency or to an enhancement of public 

regulation when it is weak. 

Food economics literature has intensively explored the firm incentives for the adoption of 

safety and quality standards. A growing body of literature discusses voluntary standards as 

alternative forms of governance of vertical relationships due to the increase of information 

transparency provided, and the transaction reorganization provided  through, for example, the 

centralisation of economic activities or better liability distribution among supply chain agents 

(Grandori, 2015; Trienekens et al., 2012; Stranieri et al., 2017;; Hobbs, 2006). However, there 

is a gap in the understanding of the determinants leading food firms to choose such alternative 

forms of transaction governance. 

The present study aims at fill this gap. More precisely, the main research question  relates to 

the exploration of the significant drivers of voluntary standard adoption. 
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To answer the questions we start from Transaction Cost Economic theory (TCE)  and we refer 

to an extended conceptual framework based on transaction risks, namely, risks arising from 

the opportunistic behaviour of economic agents and other risks related to unexpected changes 

in the economic environment (Henson and Humphrey, 2010). 

We apply the conceptual framework using data from an EU wide representative survey 

concerning the “non-GMO” standard in the soybean supply chain. The survey includes 363 

companies from 15 EU countries and/or operating in the EU market, including: traders of 

soybean raw materials, crushers, feed manufacturers, producers of animal products, and 

retailers.  

The “non-GMO” standard is a quality standard aiming at preserving the absence of material 

from genetically modified organisms (GMO) in food and feed ingredients. This type of 

standard was introduced in the EU at the end of the last century following the consumers’ 

negative attitude toward GMOs.  

In the EU, data can be provided for the non-GMO soybean supply chain, which is also the 

most relevant one for this type of certification. In fact, in the EU, the absence of a regulation 

imposing positive labeling in products of animal origin created an incentive for retailers and 

food processors to certify that the food they offer to consumers comes from animals fed with 

non-GMO feed. As soybean is the main protein component of most feed produced, the 

soybean supply chain becomes the key unit of analysis. Although official statistics are not 

available, according to Tillie and Rodríguez-Cerezo (2015) in 2012 non-GMO represented, 

respectively, 8.3% and 11.3% of extra-EU soybean and soybean meal imports. Considering 

that the EU depends for more than 90% from soybean imports these numbers give an idea of 

the size of the non-GMO EU soybean market. This translates in non-GMO certified products 

of animal origin. In 2017, according to data in Germany, these products involve mainly the 

dairy and the poultry industries with a total of 4,500 products from 266 companies (Castellari 

et al., 2018) 1.   

Our study is positioned within the TCE theory and contributes to the existing debate on the 

relationship between different types of transaction risk on the organisation of vertical 

relationships, by considering the role of such risks in the adoption of different voluntary 

standards. More precisely, the paper belongs to that strand of literature focused on the 

understanding of the role of standards for the reorganization of vertical relationships within 

                                                           
1 In the US the standard grew only in the latest years under the “non-GMO Project verified” label: from less than 
1,000 Universal Product Codes (UPC) in 2010 the products having the label reached 44,000 in 2017. The size of 
the US the market for non-GMO grew $8.5 billion in 2014 (Genetic Literacy Project, 2017), and $11 billion in 
2015 (Greene et al., 2016). 
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the value chains and it contributes to existing knowledge in providing  empirical evidence on 

the economic drivers leading to the adoption of voluntary standards by the firms. From a 

theoretical point of view, the analysis of the relationships between transaction risks and 

voluntary standard adopted contributes to the current debate on different types of risk and 

vertical organization (Wever et al., 2012). Moreover, it contributes to a better understanding 

of standards adoption. The dataset used is comprehensive of non-GMO certified firms and 

results can be considered as representative of the European certified firms.  

 

2. Theoretical framework  

2.1. Voluntary standards and vertical relationships within the supply chain 

The improved information transparency within the supply chain provided by the adoption of 

standards has led to consider them as effective tools for the management of supply chain 

relationships (Stranieri and Banterle, 2017). Bosona and Gebresenbet (2013) describe quality 

and safety standards as systems that can reveal relevant data among economic partners and 

increase transaction transparency. Also Peres et al. (2007) stress the role of standards as tools 

to augment product and process information along the supply chain, like, for example, 

product origin, processing methods, and safety or quality characteristics of food. 

Because of such increased transaction transparency among the agents of the supply chains, a 

growing body of literature is referring to standards as alternative forms of governance of 

vertical relationships, which can reorganize transactions (Grandori, 2015; Bain et al., 2013; 

Henson, 2011; Tallontire et al., 2011; Banterle and Stranieri, 2008). 

The effectiveness in managing information and transactions within supply chains will depend 

on the type of standard applied (i.e. on the rules and procedures implemented). In general, the 

stricter the standards, the greater the precision of the amount of information provided and the 

complexity in managing transactions among the agents of the supply chain, which imply more 

coordinated transactions because of the high supply chain transparency involved (Stranieri et 

al., 2017).  

The non-GMO standard is based on the absence of GMO ingredients in food originated from 

plant or, in the case of livestock products, to animals fed with non-GMO feed.  In the EU, 

according to Regulation (EC) No 1829/2003, food and feed must be labelled as GMO if more 

than 0.9% of GMO material is present for any of its ingredients. Therefore, the absence of 

GMOs is at least intended as a content that is below the legal threshold. However, there is no 

harmonized public or private standard defining what is a non-GMO product. In the EU it 

varies according to member states legislation or private initiatives. In some countries, such as 
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The Netherlands or Finland, a public standard for non-GMO labels imposes a zero threshold 

of GMO adventitious presence. In other countries a 0.1 or a 0.9% threshold applies (Castellari 

et al., 2018).  

Besides the definition of thresholds, the non-GMO standard defines the production process, 

including audit and qualification of the actors involved, the handling of the product, its 

sampling and control procedures, and the management of non-compliances and consequent 

liability. The standard must guarantee the Identity Preservation (IP) of the non-GMO 

ingredients, that is, the preservation of the unique characteristics of a product through its 

isolation and identification throughout the supply chain (Varacca and Soregaroli, 2016). This 

requires the implementation of traceability and segregation practices at each stage of the 

supply chain (Smyth and Phillips, 2002). The lower the admitted GMO thresholds, the stricter 

the IP practices and control procedures along the supply chain that must be implemented.  

To the best of our knowledge, there is a gap in understanding of the determinants influencing 

food firms’ choices of different kinds of voluntary standards; that is, the motivations leading 

firms to decide upon the decision to implement them. To fill this gap, we turn to TCE and the 

current debate on transaction risks, and we consider non-GMO standards as alternative forms 

of transaction governance.  

 

 

2.2. Theoretical framework 

TCE assumes that economic actors are affected by bounded rationality and opportunism 

(Simon, 1945; Williamson, 1975) and that, because of these constraints, they cannot predict in 

advance all possible contingences surrounding a transaction. Moreover, they will try to take 

benefits at each other’s expense or claim misleading compliance with the conditions of 

existing arrangements (Ghosh and John, 1999; Williamson 1991). 

These assumptions imply the presence of exchange risks for transacting parties – specifically, 

the risk of opportunistic behaviour and the shirking of an economic subject involved in a 

transaction. Thus, in this analysis, we consider transaction governance, like non-GMO 

standards, not only as a tool to reduce transaction costs but also as a tool to manage 

transaction risks (Wever et al., 2012). According to Williamson (1985), such hazards will be 

high in situations where the governance of the transaction is not effectively aligned with the 

level of transaction attributes – that is, the level of transaction frequency, asset specificity and 

uncertainty. 
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Transaction frequency relates to how often a certain transaction takes place (Williamson, 

1991). In our study, we did not consider this transaction attribute because we refer mostly to 

recurring vertical relationships, which are managed by different non-GMO standards. Asset 

specificity refers to investments that are adopted uniquely to conduct a certain transaction. 

According to Klein et al. (1978), the specificity of assets occurs when their value decreases 

outside the transaction for which they have been adopted. Thus, asset specificity increases the 

bilateral dependency of economic agents and the risk of opportunistic behaviour. Finally, 

transaction uncertainty can refer both to the inability of economic agents to effectively 

measure the outcome of a transaction (behavioural uncertainty) and to unexpected changes in 

the economic environment (environmental uncertainty) (Williamson, 1985). The ineffective 

capacity of the agents to foresee the realisation of contractual obligations mainly depends on 

their bounded rationality and leads to the risk of opportunistic behaviour and shirking. 

The unpredictability of variation in the economic context in turn implies the inability of 

economic agents to foresee variations in relevant aspects surrounding the vertical exchanges, 

which leads to a risk of maladaptation – that is, the risk that the investments and conditions 

established by the agreements fail because they are not suitable for adapting to environmental 

changes (Gulati and Singh, 1998). High-level environmental uncertainty involves an 

increased risk of maladaptation of the transacting parties and, consequently, a higher level of 

difficulty for economic actors to negotiate formal agreements (Artz and Brush, 2000). 

According to Miller (1992), managers have to face different forms of uncertainties, which 

lead to maladaptation risks. Such risks can be connected both to the specificities of the 

industry in which firms operate and to the general economic environment; for example, 

industry risks refer to uncertainties in demand and supply, prices, policy and technology, 

whereas general environmental risks may relate to political instability and macroeconomic, 

social and natural uncertainties. 

On the basis of the risks identified above, it is possible to subdivide the transaction risks into 

internal and exogenous risks. 

Internal risks refer to all the hazards which depend on the bounded rationality of economic 

agents and which relate to their behaviour in the execution of transactions (the risk of 

opportunistic behaviour and of shirking). Williamson (1991) defines such risks as internal, as 

they can be managed within the transaction through the adoption of a form of governance, 

which minimises such risks. In general, the higher the internal risks, the greater the 

probability of adopting forms of transaction governance with a high level of vertical 

coordination. 
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Exogenous risks refer to all those hazards that relate to unexpected changes in the institutional 

environment. These risks do not depend on the behaviour of economic agents, and they can be 

neither predicted nor managed in advance by specific arrangement conditions. Exogenous 

risks relate mostly to transacting parties’ maladaptation. When risks depend on environmental 

uncertainty (risk of maladaptation), the debate on the type of governance to adopt is 

controversial. 

TCE postulates that economic subjects will adapt better to exogenous sources of transaction 

uncertainty through hierarchical forms of transaction organisation (Williamson, 1991). 

However, recent theoretical developments (Miller and Folta, 2002) and empirical findings 

(Olmos, 2010; Geyskens et al., 2006; Das and Teng, 2001; Barney and Lee, 2000) do not 

confirm a positive relationship between the level of environmental uncertainty and 

hierarchical transaction governance. Moreover, for what concern the adoption of standards in 

the food sector, it is not clear if and to what extent such risks may influence the adoption and 

of the standard implemented. 

 

2.3. Research hypothesis 

Existing literature has identified different elements that contribute to the increase of internal 

and exogenous risks.  

There is robust empirical evidence on the positive influence of transaction investment 

specificity on behavioural uncertainty and on the probability of internalising transactions 

(David and Han, 2004; Leiblein and Miller, 2003; Boger et al., 2001). This positive 

relationship is mainly related to the high transaction exit barriers due to such specific 

investments (Ziggers and Trienekens, 1999). Focusing on the agri-food sector, Young and 

Hobbs (2002) identify process attributes, such as biotechnology and information technologies, 

as important factors that affect tighter supply chain coordination. Moreover, different authors 

discuss the positive association between closer vertical coordination and specific investments 

for product quality attributes within the food supply chain (Ménard and Valceschini, 2005; 

Raynaud et al., 2005). Based on the existing empirical evidence we thereby hypothesise: 

 

H1. Investment specificity influences positively on the adoption of Non-Gmo standards.  

 

The unequal distribution of power and control among transacting parties, namely partner 

asymmetry, has been found to contribute significantly to internal risks (Boger et al., 2001). 

Such misalignment depends on several aspects, like asymmetric bargaining power between 
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transacting parties (Sheu and Gao, 2014) and the related difficulty in assigning liability rules 

(Pouliot and Sumner, 2008). These can all be considered as situations that increase partner 

asymmetry. In such circumstances, closer vertical coordination is considered as a solution to 

minimise transaction costs and related risks (Gereffi et al., 2005). Thus, we hypothesise: 

 

H2. Partner asymmetry influences positively on the adoption of Non-Gmo standards. 

 

In the food sector one of the main sources of exogenous risks is related to consumer concerns 

on the quality and safety characteristics of food products. Food firms try to manage such 

uncertainties through the adoption of quality and safety certification strategies (Zhang et al., 

2015). Thus, we test the following hypothesis: 

 

H3. Consumer quality and safety concerns influence positively the adoption of Non-GMO 

standards.  

 

The rapid growth of the complexity of the food normative framework have increased firms’ 

uncertainties regarding the level of requirements to implement in vertical exchanges (Fulponi, 

2006). As a consequence, an increasing number of different forms of voluntary standards has 

been registered within the market to facilitate the accomplishment of public regulations. 

However, rapid changes in the regulatory environment could also lead food firms to choose 

more flexible forms of transaction governance (Geyskens et al., 2006).  Thus, we test the 

following hypothesis: 

 

H4. The regulatory framework influences the adoption of Non-GMO standards.  

 

Food firms have to manage also different kinds of market uncertainties, namely, exogenous 

risks which are common and shared across a set of firms operating in the same market, like, 

for examples supply and price volatility, demand uncertainty (Smit et al. 2017; McGrath et al. 

1997) and competitive uncertainty (Iyer et al., 2014). Such risks have an effect on the 

organization of vertical relationships within the chains but it is still controversy the way they 

affect the coordination of economic exchanges. Thus, we test the following hypothesis: 

 

H5.  Market uncertainty influences the adoption of Non-GMO standards. 
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3. Methods 

 

3.1 Data 

Data result from a survey, conducted in May/June 2014, of 363 companies involved in the EU 

soybean supply chain. Out of these companies, 202 were involved in the non-GMO soybean 

supply chain. It should be noted that this high proportion of non-GMO operators does not 

reflect their proportion in the EU supply chain. Non-GMO operators were over-sampled in 

order to make the sampling representative of this sector which is relatively small compared to 

the entire EU soybean supply chain.  

The survey was conducted in 15 EU countries with the main goal of creating a sample 

representative of companies involved in the non-GMO supply chain. In fact, countries were 

selected according to the following criteria: 

- Significant demand for soybean or soybean derived products, measured by the trade 

balance of soybean and soybean meal, and/or; 

- Significant demand for non-GMO IP soybean derived products, according to existing 

estimates (Tillie et al., 2012). 

The 15 EU Member States included were: Austria, Belgium, Denmark, France, Germany, 

Hungary, Ireland, Italy, Netherland, Poland, Portugal, Slovenia, Spain, Sweden and United 

Kingdom. Together, they represent around 90% of total EU demand for soybean, and gather 

virtually all EU countries where some demand for a final animal food product derived from 

non-GM IP soybean exists. The sample countries represent approximately 97% of the total 

EU imports of soybean and 93% of imports of soybean meal over the 2009-2011 period.  

Additionally, 15 traders involved in the supply of soybean and/or soybean meal to the EU but 

not located in an EU Member State were also surveyed as their views are also influenced by 

the EU markets for soybean or soybean derived products. Thirteen of them are located in 

Ukraine, while another two are based in Switzerland.  

The sampling was first stratified by type of operators, based on an estimate of the number of 

operators by subsector of the supply chain, and then by country, based on data used as proxy 

for the activity in each subsector: imports of soybean/soybean meal as a proxy for trading 

activity, volume of crushing of soybean, consumption of soybean meal as a proxy for the 

production of feedstuffs containing soybean, consumption of industrial compounds as a proxy 

for the activity of producers of animal food, and country population for the activity of 

retailers. This resulted in the inclusion of almost all operators active in the supply chain (i.e. 

the universe) for the sub-sectors of traders and crushers (but some of them actually refused to 
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be surveyed). The producers of animal products included in the sample were large processors, 

typically cooperatives or integrated companies producing eggs, poultry meat, pork meat or 

dairy product; livestock farmers were not included for issues of feasibility of the sampling. 

Therefore, the sample is only representative for those large companies that are producers of 

animal products which are also those that are the most likely to have develop an internal 

strategy regarding GM and non-GM soybean, but not for family farms. Animal product 

companies are the largest group in the sample (55% of surveyed companies). Overall, the 

distribution of the companies in the sample fits well the distribution of companies across 

countries and sub-sectors and can be considered as a representative sample. The survey was 

conducted in two different manners depending of the category of companies: traders, crushers 

and feed manufacturers’ interviews were completed face-to-face, while producers of animal 

products and retailers were contacted by phone. The respondents were targeted in order to 

ensure that they had a good knowledge of the company's strategy regarding the use – or not – 

of non-GM IP soybean or derived products, including: owners of the company, executive, line 

manager or responsible person for purchase.  

A specific questionnaire was structured around information on the company’s activities in the 

soybean supply chain, its governance across the different stages, TCA determinants and 

information about the respondent. In January 2014, a pre-test survey was conducted with 6 

companies in Germany, Hungary and France in order to validate and fine-tune the 

questionnaire.  

 

 

3.2 Measures 

 

The dependent variable is measured as the adoption of the non-GMO standard and consists of 

a dichotomous variable concerning the actual operation or not (1/0) of the firm in the non-

GMO soybean supply chain.  

The independent variables distinguish between internal and exogenous risks and they are 

measured as seven points Likert scale representing the level of agreement of respondents 

according to specific statements.     

 

Internal risks 

Investment specificity: The brand equity of the company, what Williamson (1991) calls brand 

name capital, is used as a measure of investment specificity. Companies that invested in brand 



10 

 

equity that specifically depends on the soybean supply chain and derived animal products face 

an increased dependency upstream and downstream the supply chain with an increased 

behavioural uncertainty. Reputation losses and gains are specific of the company holding the 

brand asset. Therefore the company faces a brand specificity which calls for a greater vertical 

coordination (Chen, 2009). Voluntary private standards, such as non-GMO, serve both the 

need for greater coordination and the possibility to get specific gains from a quality-based 

differentiation strategy (Hammoudi et al., 2015). Therefore, the perception of the need to 

improve brand equity and reputation of the company is used as a measure of investment/brand 

specificity.  

Partner asymmetry: The power of the transacting partner can be measured evaluating the 

importance that the request from a partner could have on the decision to adopt the non-GMO 

standard. This was measured using two different questions distinguishing between willingness 

to satisfy upstream and downstream partner requests. Voluntary private standards, such as 

non-GMO, are often promoted by a focal firm in the supply chain, which is usually a retailer 

or a food processor (Passuello et al., 2015). Therefore, the adoption of the standard along the 

supply chain could be the coordination mechanisms allowing to minimize transaction costs 

and the risks under a captive supply chain (Gereffi et al., 2005). 

The difficulty in assigning liability rules is measured using a self-assessment of the overall 

liability risk the company is facing. The standard also performs a risk management and 

liability function (Hammoudi et al., 2015) as it reduces the threat of legal actions against food 

safety failures (Hobbs, 2004). In case of quality-standard, and in particular for non-GMO, the 

greater coordination and control preformed with the standard responds to food safety risk as 

well as to a potential risk of civil actions by anti-GMO activists.  

 

Exogenous risks 

Consumer quality and safety preferences: This dimension was measured assessing the 

respondent’s perception of the consumers concerns about both the quality and the safety of 

the products containing GMOs. The higher these concerns the more uncertain is the future 

market position of the firm in the conventional market.  

Regulation complexity: The perception of the regulation complexity of respondents was 

measured as a self-assessment of the regulation complexity in general and with a specific 

focus on labeling and traceability requirements. 
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Market uncertainty: This dimension is measured as the respondent’s perception of the 

position of the company in the markets it operates. The higher the company is perceived as 

operating in very uncertain markets, the more a standard should be adopted.  

 

Control variables 

Non-GMO supply chain characteristics: The supply of a non-GMO ingredient imposes 

practices to preserve the identity of the non-GMO attribute of ingredients (Smyth and Phillips, 

2002). These practices lead to segregation costs as the non-GMO ingredient needs to be 

handled separately from their conventional counterpart (Varacca and Soregaroli, 2016). 

Therefore, the perception of the magnitude of segregation costs can be considered as a 

measure influencing the profitability of the non-GMO standard and, therefore, of the adoption 

choice.  

The perception of the difficulty to respect the non-GMO thresholds, defined as a consequence 

of regulations, is another measure that could influence the profitability assessment of the non-

GMO standard. This perception could also depend on the resources and competencies of the 

company. The difficulty to respect thresholds increases the risk of opportunism also 

generating new transaction costs.  

Finally, EU companies are largely dependent from overseas countries for the supply of non-

GMO soybean, where the large majority of cultivated soybean is GMO (Varacca et al., 2014).   

Perception of difficulties in regularly sourcing non-GMO soybean represents a measure of 

environmental uncertainty, which could again generate new transaction costs.   

Company characteristics: Company characteristics include the stage of the supply chain 

where the firm performs its activity and the number of years dealing with the non-GMO 

soybean supply chain. Other data were also collected for validation purposes, such as the 

characteristics of the respondent (age, experience, job position) but are not used in the present 

analysis.  

 

3.3 Empirical model  

Related to the internal risks the independent variables are (1) specificity related to brand 

equity ��_������ (2) upstream partner asymmetry ��_�	
����� (3) downstream partner 

asymmetry ��_
���
�����, and (4) liability risk ��_���������; related to the exogenous risks 

the independent variables are (5) concerns about quality of product with GMOs ��_�������, 

(6) concerns about safety of the product with GMOs ��_
�����, (7) labelling and traceability 

requirements ��_�������, (8) regulation complexity ��_���, and (9) operation in uncertain 
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markets ��_������; moreover, the control variables are (10) segregation costs 
�����, (11) 

difficulty to respect the thresholds ���
ℎ��
, and (12) regular supply of non-GMO soybean 


�		��. 

With 

 �� = �� +�� ⋅ ��_������� + � ⋅ ��_�	
������ + �! ⋅ ��_
���
������ + �" ⋅ ��_����������
+�# ⋅ ��_�������� + �$ ⋅ ��_
������ + �% ⋅ ��_�������� + �& ⋅ ��_���� + �' ⋅ ��_�������
+��� ⋅ 
������ + ��� ⋅ ���
ℎ��
� + �� ⋅ 
�		��� + �( ⋅ years� + �. ⋅ subsector.,� ,

 (1) 

where years� is the number of years dealing with the non-GMO soybean supply chain2 and 

subsector.,� are the dummy variables indicating the subsector the company belongs to 

(animal food producer, crusher, feed manufacturer, retailer, and international traders), a 

suitable function to model the relationship between the probability of entering in the non-

GMO supply chain Pr7�� = 19 and the independent variables is the logistic function: 

 
�� =

�:;

1 + �:;
=

1
1 + �<:;

 (2) 

Parameterizing � as a linear function of the predictors yields the Logit model: 

 Pr7�� = 1|>�9 = 7��|>?9 =
1

1 + �<:;
=

1

1 + �<>;
@A
=

1

1 + �<BCDECF⋅�G_HIJ�K(;E⋯ECM⋅NOPNQRSTUM,;V

Pr7�� = 0|>�9 =
1

1 + �>;
@A
=

1

1 + �CDECF⋅�G_HIJ�K(;E⋯ECM⋅NOPNQRSTUM,;

 (3) 

Nevertheless the estimation of model (3) is affected by missing data (see Table 1). 

 

Table 1. Missing observations  
variable missing non-missing Total 
��_������  69 173 242 
��_�	
�����  65 177 242 
��_
���
�����  66 176 242 
��_���������  91 151 242 
    
��_�������  67 175 242 
��_
�����  65 177 242 
��_�������  67 175 242 
��_���  91 151 242 
    

�����  92 150 242 
���
ℎ��
  91 151 242 

�		��  91 151 242 

 

                                                           
2 Note that years� = 1 if the number of years dealing with the non-GMO soybean supply chain is 0 < years ≤
10, 2 if 10 < years ≤ 20, 3 if 20 < years ≤ 30, 4 if 30 < years ≤ 40, 5 if 40 < years ≤ 50, and 6 if 
years > 50. 
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Dong and Peng (2013) claim that “the impact of missing data on quantitative research can be 

serious, leading to biased estimates of parameters, loss of information, decreased statistical 

power, increased standard errors, and weakened generalizability of findings”. 

Multiple imputation (MI) provides a useful strategy for dealing with data sets with missing 

values. Instead of filling in a single value for each missing value, Rubin’s (1987) multiple 

imputation procedure replaces each missing value with a set of plausible vales that represent 

the uncertainty about  the right value to impute. The multiply imputed data sets are then 

analysed by using standard procedures for complete data and combining the results from these 

analyses. 

The multiple imputation used to replace the missing values is an ordered logistic model: 

 PrB_`,� = abc`,�V = PrBde<� < c`,�
f g` + u ≤ deV

=
1

1 + �<hiEcj,;
@ gj

−
1

1 + �<hilFEcj,;
@ gj

 (4) 

where c`,� = B�`,�,�, �`,�, , … , �`,�,IV
f
 records values of predictors of >` for the observation 

�, g` is the � × 1 vector of unknown regression coefficients, and o = Bd�, d�, … , dp<�V
f
 are 

the unknown cut points with d� = −∞ and dp = ∞. Because >` contains missing values that 

are to be filled in, let us consider the partition of >` = B>`,�
f , >`,r

f V into the �� × 1 and �� × 1 

vectors containing the complete and the incomplete observations and the similar partition of 

s` = Bs`,�,s`,rV into the �� × � and �� × � submatrices. 

The multiple imputation ordered logistic model is implemented by the following steps: 

1) fit in the ordered logistic model (4) to the observed data B>`,�,s`,�V to obtain the 

maximum likelihood estimates, tu ` = Bgu`
f , ov fV

f
, and their asymptotic sampling 

variance, wu; 

2) simulate new parameters t`
∗ , from the large-sample normal approximation, yBtu `, wuV, 

to its posterior distribution assuming the non-informative prior Pr7t`9 ∝ const; 

3) obtain one set of imputed values >`,r
� , by simulating from an ordered logistic 

distribution as defined by (4): one of | categories is randomly assigned to a missing 

category, �r, using the cumulative probabilities computed from (4) with g` = g`
∗ , 

o = o∗, and c`,� = c`,�}; 

4) repeat steps 2 and 3 to obtain ~ sets of imputed values >`,r
� , >`,r

 , … , >`,r
� . 

The predictors considered for the multiple imputation of the independent variables ��_������, 

��_�	
�����, ��_
���
�����, ��_�������, ��_
�����, and ��_������� (MI1) are: ��_���������, 
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��_���, 
�����, ���
ℎ��
, 
�		��, and ��_������. The predictors considered for the multiple 

imputation of the independent variables ��_���������, ��_���, 
�����, ���
ℎ��
, and 
�		�� 

(MI2) are: ��_������, ��_�	
�����, ��_
���
�����, ��_�������, ��_
�����, ��_�������, and 

��_������ (see Table 2). 

 

Table 2. Multiple imputations MI1 and MI2 (20 imputations) 
variable complete incomplete imputed total non-

missing 
Total 

��_������  81 74 74 155 192 266 
��_�	
�����  85 70 70 155 201 271 
��_
���
�����  84 71 71 155 204 275 
��_�������  83 72 72 155 197 269 
��_
�����  85 70 70 155 205 275 
��_�������  83 72 72 155 201 273 
       
��_���������  81 94 94 175 177 271 
��_���  81 94 94 175 178 272 

�����  79 96 96 175 178 274 
���
ℎ��
  81 94 94 175 176 270 

�		��  81 94 94 175 181 275 

 

Therefore, after the multiple imputation the number of observations for the estimation of the 

model (3) increases from 73 to 242 (see Table 3). 

 

Table 3. Number of observations ante- and post-MI 
variable complete MI2 MI1 Total 
��_������  73 100 69 (28.51%) 242 

��_�	
�����  73 104 65 (26.86%) 242 

��_
���
�����  73 103 66 (27.27%) 242 

��_�������  73 102 67 (27.69%) 242 

��_
�����  73 104 65 (26.86%) 242 

��_�������  73 102 67 (27.69%) 242 
     

��_���������  73 91 (37.60%) 78 242 

��_���  73 91 (37.60%) 78 242 


�����  73 92 (38.02%) 77 242 

���
ℎ��
  73 91 (37.60%) 78 242 


�		��  73 91 (37.60%) 78 242 

 

Moreover, Table 4 allows to appreciate how after the multiple imputation all the subsectors 

can be considered in the estimation of the model (3). 
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Table 4. Subsectors 
subsector count ante-MI count post-MI 
animal food prod. 0 147 
crusher 15 18 
feed manuf. 31 40 
trader 27 37 
Total 73 242 

 

4. Results  

 

Table 5 and 6 present the result of the logit regression models before and after MI. Results 

from the two tables confirm the significance of the effects related to two variables, both 

belonging to internal risks: the specificity related to brand equity and the downstream  partner 

asymmetry. For both variables the sign of the coefficient is positive, which is aligned with 

theoretical expectations. Those companies presenting a higher need to invest in brand equity 

are more likely to adopt the non-GMO standard to gain from a greater coordination, preserve 

from reputation losses, and appropriate specific gains from a differentiation strategy. The 

partner asymmetry is confirmed only at the downstream level. This suggests that the direction 

of standard adoption moves from EU retailers up to overseas soybean producers, supporting 

the qualitative results of Passuello et al. (2015) and Ghozzi et al. (2016).  

Exogenous risks present less significant results. In the post-MI model only the regulation 

complexity is influencing the non-GMO adoption when referred to labeling and traceability 

requirements. In this case, the sign is negative, meaning that those companies perceiving a 

higher risk prefer to keep more flexibility and are less likely to move toward a greater 

coordination form.  

In terms of company characteristics, traders are more likely to adopt a non-GMO standard as 

compared to companies operating at other stages of the supply chain. This can be explained 

by the characteristic of the trading activity, where the number of operators is lower and they 

provide services to customers offering a diversified portfolio of available commodities. 

Finally, the years of experience in the soybean sector do not seem to influence the probability 

of adopting the non-GMO standard.  
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Table 5. Logit regression ante-MI 
variable description estimates  

constant 
 

-0.0982  

(1.7318)  

internal risks  

investment specificity  

��_������ specificity related to brand equity 0.5039 *  

(0.2676)  

partner asymmetry  

��_�	
����� upstream partner asymmetry -0.1597  

(0.1686)  

��_
��
�����  downstream partner asymmetry 0.3689 *  

(0.1977)  

��_��������� liability risk -0.3232  

(0.2133)  

exogenous risks  

consumer quality and safety preferences  

��_�������  concerns about quality of product with GMOs -0.3259  

(0.3208)  

��_
�����  concerns about safety of the product with GMOs -0.1705  

(0.2949)  

regulation complexity  

��_�������  labelling and traceability requirements 0.0046  

(0.2359)  

��_���  regulation complexity -0.0264  

(0.2364)  

market uncertainty  

��_������ operation in uncertain markets 0.0407  

(0.1940)  

control variables  

non-GMO supply chain characteristics  


�����  segregation costs -0.3039  

(0.2222)  

���
ℎ��
 difficult to respect the thresholds 0.3991  

(0.2512)  


�		�� regular supply of non-GMO soybean -0.0525  

(0.1890)  

company characteristics  

years in soybean  -0.0962  

(0.2161)  

feed manuf.  0.0722  

(0.9047)  

trader  1.2612  

0.8988  

Note: number of observations = 73; pseudo R2 = 0.2744; ***  1% significance, **  5% significance, * 10% significance 
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Table 6. Logit regression post-MI 
variable description estimates  

constant 
 

-3.2239 ***  

(1.0411)  

internal risks  

investment specificity  

��_������  specificity related to brand equity 0.2863 *  

(0.1522)  

partner asymmetry  

��_�	
�����  upstream partner asymmetry 0.0844  

(0.1136)  

��_
���
�����  downstream partner asymmetry 0.3559 ***  

(0.1286)  

��_���������  liability risk 0.0172  

(0.1150)  

exogenous risks  

consumer quality and safety preferences  

��_������� concerns about quality of product with GMOs 0.2161  

(0.1692)  

��_
�����  concerns about safety of the product with GMOs 0.0291  

(0.1977)  

regulation complexity  

��_�������  labelling and traceability requirements -0.2276 *  

(0.1321)  

��_���  regulation complexity -0.1103  

(0.1348)  

market uncertainty  

��_������  operation in uncertain markets 0.1019  

(0.0915)  

control variables  

non-GMO supply chain characteristics  


�����  segregation costs -0.0600  

(0.1059)  

���
ℎ��
  difficult to respect the thresholds 0.1203  

(0.1271)  


�		��  regular supply of non-GMO soybean -0.1039  

(0.0990)  

company characteristics  

years in soybean  -0.0035  

(0.1061)  

animal food prod.  0.0943  

(0.5996)  

feed manuf.  -0.0182  

(0.6643)  

trader  1.7722 **  

(0.7135)  

Note: number of observations = 242; ***  1% significance, **  5% significance, * 10% significance 

 

5. Discussion and conclusion  

In the last decades a wide variety of voluntary standards have been introduced within the 

supply chains. Such instruments imply a reorganization of economic exchanges due to an 
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increase in specific investments necessary to implement the standards. Food-related literature 

is increasingly considering standards as alternative forms of transaction governance. 

However, the decision of the firms to implement this alternative form of transaction 

governance is still under-investigated. The present paper deepens the understanding of the 

determinants leading to the adoption of food voluntary standards by analyzing the factor 

affecting the choice of the voluntary non-GMO standards among European food firms. 

Our preliminary results give two main contributions to existing knowledge. First, the findings 

confirm that voluntary standards can be considered as alternative coordination mechanisms of 

vertical exchanges. The positive relationships between internal risks, i.e. partner asymmetry 

and brand specificity, and the adoption of non-GMO standard confirm that it can be 

considered as an instrument to manage costs related to transaction complexities, like the other 

forms of transaction coordination. Second, our results suggest that the decision to implement a 

voluntary standard depend on the evaluation of different kinds of risks, i.e. internal and 

exogenous risks. More precisely internal risks , i.e. partner asymmetry and brand specificity, 

seem to be positively associated to the adoption of the standards, in accordance with the TCE 

framework and confirming research hypothesis H1 and H2. Exogenous risks, i.e. the 

regulation complexity, seem to be related negatively to the adoption of the standard, 

confirming H4 and suggesting a negative sign. These  finding add to the existing literature 

(Fischer et al., 2010) in explaining the situations in which voluntary standards can be 

considered as effective instruments to reach more sustainable vertical relationships, in terms 

of improved cooperative behaviour and transaction transparency. Moreover, it adds to the 

current debate on the role of existing exogenous risks on the reorganization of vertical 

relationships within the supply chains. Such finding suggests that when firms perceive an 

instability in the regulatory framework, they will prefer more flexible forms to manage 

transaction in order to adapt more easily to unpredictable changes. In the present analysis the 

research hypothesis H3 and H5 did not find an empirical support. 

Our findings provide an interpretative base for managers, who have to estimate the risks 

associated with vertical relationships within supply chains and to give initial insights on the 

role of standards for the management of such risks. From a managerial perspective, the paper 

confirms that supply chain standards such as non-GMO standards, can be used by firms both 

as quality differentiation strategy and as effective tools to manage transaction risks.  

More precisely, if exogenous risks are present, managers will prefer to do not adopt standard 

in order to respond more rapidly and effectively to unexpected changes in market dynamics. 

On the other hand, if the firms face internal transaction risks, the voluntary standard can be 
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considered as tool to coordinate vertical relationships. Thus, in case of internal transaction 

risks, voluntary standards are adequate solutions for fostering an effective management of the 

supply chain.  

The present study presents some limitations. The survey investigates perceptions of 

respondents concerning several variables. Although respondents were selected in a key 

managerial position of the company, these respondents may not reflect the perception of all 

decision makers in the managerial team. Moreover, the choice to enter in the non-GMO 

supply chain and the effectiveness of the standard in reduction transaction costs should be 

verified throughout performance indicators.  

Although not directly measured, performances could be inferred from the results of this study 

considering the control variables related to the characteristic of the non-GMO supply chain. 

The fact, the incoming supply chain also present potential transaction costs deriving, for 

example, from environmental uncertainty or a behavioral uncertainty originating from the 

difficulty in respecting the GMO threshold. The non-significance of the effect of these 

transaction costs in the decision to enter the supply chain could be an indication that the 

standard is effectively controlling such transaction costs. Future studies will be dedicated to 

the development of a conceptual framework allowing to test the effectiveness of the standard 

to reduce transaction costs of quality-based supply chains.     
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