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Abstract
Supply chain managers face many challenges when developing more sustainable operations, often beginning with translating ambiguous demands from stakeholders into practice. Drawing from accounting and sustainable supply chain literatures, we synthesize a model to explain how supply chain managers might define, defend, and rationalize sustainability in their supply chain, which we term sustainability assessment and verification. This multi-dimensional model extends traditional thinking about supplier monitoring and collaboration in several ways. For example, both supplier and customer uncertainty must be explicitly addressed, and managers must recognize that the process for SAV is at least as important as the output.
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Introduction
The integration of social and environmental issues into the management of supply chains has grown significantly over the last two decades. This growth is the cumulative result of demands from a diversity of stakeholders including investors, customers, governments, NGOs and the general public. It is not surprising that, in order to address these stakeholders’ concerns, companies have adopted a wide range of strategies, which in turn continue to evolve over time. The initial focus on internal operations has given way to a more external orientation where buying organizations are asked to ensure that practices and operations upstream are more sustainable.
Supply chain managers are presented with many challenges when evaluating environmental and social performance. First, claims for “better” can take on many forms, which in turn are interpreted and scrutinized to varying degrees by different stakeholders. Recent scandals provide ample evidence of the difficulties experienced when assessing questionable claims or ambiguous assurances passed between multiple tiers of a supply chain. For instance, Victoria’s Secret recently was involved in a scandal regarding children picking cotton in Burkina Faso (Simpson, 2011). Also, the ambiguous and varying priorities of different stakeholders groups, such as customers, the public and regulators, add complexity: each might have a different focus and require a different level of engagement.
Research on sustainable supply chains has focused on two sets of practices (Seuring and Muller, 2008): (i) supplier monitoring (i.e., the arm’s length approach) and (ii) supplier collaboration (i.e., the support-based approach). While a growing body of research has helped our field to understand potential benefits from collaborative practices, relatively less attention has focused on the measurement and monitoring of sustainability in the supply chain. Furthermore, although stakeholder pressure is attracting research attention (Krause et al., 2009; Parmigiani et al., 2011), accountability issues and the role played by stakeholders in shaping firms’ supply chain practices continue to take shape.
This paper seeks to make three contributions. First, we broaden the basic constructs of supplier monitoring and collaboration by integrating both stakeholder theory and accounting literature. Specifically, we investigate how supply chain managers assess and validate environmental and social performance along their supply chains, which we term sustainability assessment and verification (SAV). Assessment refers to the activities of collecting and processing data and information about the different entities in the supply chain. In contrast, verification refers to the activities of evaluating and validating the reliability and accuracy of the data and information that emerges from any assessment. It is important to recognize that this multi-dimensional model extends traditional thinking about supplier selection and development in several ways (e.g., quality). For example, both supplier and customer uncertainty must be explicitly addressed, and managers must recognize that the process for SAV is at least as important as the output.
Second, this conceptual development establishes a foundation from which we examine a set of antecedents for more sustainable supply chains. Specifically, this research sheds light on the role played by two main factors: supply chain integration and issue salience. Finally, insights emerge about how SAV can create competitive advantage. Two critical outcomes are most closely linked: operational risk and credibility. Thus, we expand on issues raised by Krause et al. (2009), namely that firms might benefit from documenting their supply chain improvements for and engaging with stakeholders. 

Foundational literature 
In essence, supplier monitoring attempts to control particular outcomes, often based on an arm’s-length approach. Monitoring includes the setting of supplier assessment criteria, the gathering and processing of supplier information and the evaluation of environmental and social performance of incoming goods and the suppliers (e.g., Vachon and Klassen, 2006). Monitoring also might assess compliance with a “voluntary” code of practice or a public standard. If integrated with rewards or punishments, such requirements represent an important lever to stimulate environmental and social innovations in products and processes.
In a potentially complementary manner, supplier collaboration is a support-based approach that encompasses a broad range of activities that tends to take place within a more partnership-oriented relationship (Vachon and Klassen, 2006). Activities include training and education programs for suppliers; sponsoring supplier summits to encourage the sharing of sustainability information and practices; undertaking joint development for greener product design or process modification; and reducing waste in the logistics. Collaboration impacts environmental performance as well as improving operational competitiveness in such areas as delivery, quality and flexibility performance of manufacturing systems (e.g., Vachon and Klassen, 2008).
Thus, it is clear that sustainability practices transcend organizational boundaries. But suppliers represent only one stakeholder group with an interest in and impact on sustainability performance. Other groups include end-consumers, investors, regulators, local communities, and NGOs. The operations management (OM) literature is beginning to incorporate accountability towards these stakeholder groups when identifying essential supply chain capabilities that shape firms’ practices and operations (Parmigiani et al., 2011). 
In parallel, the accounting literature proposes three essential processes to ensure accountability (e.g., Rasche and Esser, 2006): accounting, auditing and disclosure processes. Accounting reflects the need to identify relevant issues (i.e., materiality), and thus determines the scope of accountability related actions. Auditing refers to the process of internally or externally verifying the validity and reliability of information. Independent third parties (e.g., NGOs or accountants) usually are required based on regulation, as a means to legitimatize any information. Finally, reporting refers to the activities that firms carry out to communicate and to gather feedback from stakeholders ensuring that society-at-large have some degree of influence on all three processes.

Sustainability assessment and verification
As noted earlier, assessment refers to the activities of collecting and processing data and information about the different entities in the supply chain. As part of this process, supply chain managers must make critical decisions about what to information to collect, and how. Data collection may take place by means of supplier questionnaires, site visits and the development of audits. In contrast, verification refers to the activities of evaluating and validating the reliability and accuracy of the data and information that emerges from assessment (e.g., scrutiny of methods, and level of assurance or risk).
These two bundles of activities, that are usually at, but not limited to, the intersection of supplier monitoring and collaboration, are developed with the objective of characterizing the supply chain, identifying performance gaps, and enabling discussion with stakeholders (which in turn might facilitate improvement). Our synthesis of the literature suggests that assessment and verification varies between firms on three major dimensions: scope, independency and inclusivity. 

Scope
The domain or range of sustainability assessment and verification activities, namely scope, can be described in terms of content, form, depth, and breadth. Content captures the specific environmental and social issues included, often driven by stakeholder saliency (Parmigiani et al. 2011). Form refers to the operational nature of an issue, and by extension, its metrics. In OM, a classic dichotomy separates product (i.e., output) vs. process. Product-based metrics are developed to quantify specific attributes that can be measured at organizational boundaries, such as the presence of harmful substances, or biodegradable materials. In contrast, process-based metrics focus on operations’ within an organization that might be undetectable in the product, such as the use of child labour or resources consumption (e.g., carbon footprint).
Depth and breadth relates to the portion of the supply chain that is subject to SAV. Specifically, depth is defined as the number of tiers. For example, IBM rolled out its social and environmental management system to approximately 30,000 tier-one suppliers in 2010. This system included a requirement that supplies must cascade the program to any of their own suppliers that provide materials to IBM products, i.e., tier-two (Orts and Spigonardo, 2012). In contrast, breadth refers to the number of products or SKUs covered.

Independency
Independency refers to the role and mix of internal, external and independent parties in establishing metrics, conducting audits, processing data and validating information. Three different models are generally used: (1) the consultancy model, (2) the audit model and (3) the independent verification model (Ball et al., 2000). The first model refers to a variety of relationships between a client and an external expert, who contractually divide the assessment and verification activities. Often the consultancy relationship is on-going, and provides a (dependent) third-party assurance statement. 
The audit model requires an independent third-party (e.g., NGO or accountant) to carry out the development of an audit protocol on behalf of the firm, and then point out all the peculiar aspects of the audit process within a public report. For instance, Philips used independent auditing bodies to support the firm and its suppliers in conducting initial and continual SAV activities on environmental and social issues (Philips, 2012). According to its report, third parties are used mainly for reasons of “independence, professionalism and capacity.”
Finally, the last model requires the focal firm or a consultant to define the scope of SAV and undertake data collection. Later, an independent third-party (e.g., NGO or accounting firm) validates what has been done and provides an assurance statement.

Inclusivity
Finally, inclusivity is defined as the degree of interaction between the focal firm and its stakeholders when considering scope, independency, and communication of findings. Inclusivity varies by firm, by stakeholder group, and potentially within a firm for each stakeholder group. For example, a focal firm can actively involve an NGO in setting the scope and validating data (i.e., high inclusivity), or alternatively, “manage” this group by strategically collecting, processing and verifying only information that advances its corporate image (i.e., low inclusivity). The interaction with stakeholders allows managers to accumulate valuable wisdom that can be exploited elsewhere and represent a source of competitive advantage (Sharma and Henriques, 2005). Inclusivity, in fact, can provide an early signal for the emergence of industry-specific sustainability issues, and supplements a science-based prioritization of issues. For example, Wal-Mart is collaborating with academics, retailers, NGOs, suppliers and the government in a consortium to understand how products’ life-cycle should be managed in order to improve sustainability performance (MIT, 2009). 
Current research points two guiding principles. First, based on stakeholder theory, relevant groups should be identified by considering their power (i.e., ability to influence the firm’s actions and outcomes), legitimacy (e.g., perceived appropriateness), and the urgency of their claims. Second, consensus must be built by leveraging on a two-way symmetric communication approach. Thus, stakeholders take an active role in sustainability assessment and verification activities, both in terms of definition and ownership, and persuasion may occur from either stakeholders or the firm itself (Sharma and Henriques, 2005).

An integrative view of sustainability assessment and verification
Based on these three underlying dimensions, sustainability assessment and verification (SAV) is collectively defined as a system or set of interdependent processes that are developed to measure, validate, control, and ideally, improve environmental and social performance of a supply chain. As summarized by Table 1, both assessment and verification vary in terms of scope, independency and inclusivity. For instance, data collection and aggregation into key performance indicators might encompass, to a varying degree, different facets of sustainability: certain firms can decide to concentrate around environmental aspects (e.g., pollutant emissions and resource consumption) while others may opt for a more complete assessment of social issues (e.g., workplace health and safety levels). Furthermore, some of these might use third-party verification, while others simply allow supplier self-reporting. 

Table 1. The characteristics of assessment and verification

	
	
	Scope
	Independency
	Inclusivity

	Assessment
	
	Data gathering and processing can concern environmental and/or social impacts of products and/or processes administered by first tired and/or n-tired suppliers
	R esponsibility for data gathering and processing can be assigned within the organization, to consultants or to independent accountants and NGOs
	Decisions about scope and independency of assessment activities can be made by management alone, or by management in collaboration with stakeholders 

	Verification
	
	The validation of data gathered and processed can regard environmental and/or social impacts of products and/or processes administered by first tired and/or n-tired suppliers
	Responsibility for validating data and information can be assigned within the organization, to consultants or to independent accountants and NGOs
	Decisions about scope and independency of verification activities can be made by management alone, or by management in collaboration with stakeholders 



As noted earlier, responsibility for assessing and/or verifying sustainability data might be assigned internally or externally to the supply chain. For instance, the firm may decide to deploy questionnaires designed internally, followed by supplier site visits using its own personnel of “A” suppliers, and self-reporting by “B” and “C” suppliers. Finally, a reputable external consultant undertakes verification (based on auditing standards). In these cases, assessment activities are characterized by a modest degree of independency, while verification is independent. Alternatively, a firm may leverage the competence of independent NGOs or accountants to identify key metrics, standards, or certifications; to gather and process data; and lastly, to validate the reliability and the accuracy of information. Thus, managers might make decisions about scope and independency of SAV internally, or in collaboration with one or more stakeholder groups. If the latter approach is adopted, NGOs might help to identify others stakeholders that do not have an economic interest in the focal firm (Sharma and Henriques, 2005), who in turn can assist with the assessment, thereby increasing transparency and reducing the need of further assurance (Park and Brorson, 2005).

Antecedents of sustainability assessment and verification
A synthesis of prior literature points toward two general factors that might be expected to influence SAV: supply chain integration and issue salience. For each of these, the following sections focus only on those effects that are expected to have the strongest linkage to scope, independency or inclusivity.
For supply chain integration, relationships are often characterized along a spectrum from transactional to relational (Vachon and Klassen, 2006). In short, transaction-based dyads are governed by contracts that rely on market control, potentially with adversarial exchanges and/or detailed product specifications that can include social and environmental specifications. In contrast, a relationship-based dyad is characterized by high level of logistical and technological integration that, in turn, can result in wide-ranging information sharing, heightened commitment, trust and high responsiveness. 
When the level of integration increases, the incremental cost of monitoring any environmental impact, relative to benefits, might be quite small. Indeed, the company might choose to rely on consolidated information flows, and have the capability to deal with the complex process of data collection from multiple tiers of the supply chain. Higher levels of integrations also tend to be accompanied by higher stakeholder orientation and more proactive approaches toward communication (Prahinski and Benton, 2004). Therefore, it can be expected that companies that work to improve supply chain integration might also leverage inclusivity to provide greater accountability to all stakeholders. 
For instance, one manager described HP’s view (Parmigiani et al., 2011), “If you have suppliers familiar with your company and have been working with you for a long time, they become an extension of your company and an additional resource you can tap.” This company actively developed a strongly integrated supply chain, including an 18-month project with eastern European suppliers to institutionalize good practices beyond its first-tier suppliers. HP also was leading the development of a multi-stakeholder agreement for sustainable trade (Hewlett-Packard, 2010).

P1. As supply chain integration increases, the scope and inclusivity of sustainability assessment and verification increases.

In line with the definition proposed by Bansal and Roth (2000), issue salience refers to the extent to which a specific environmental or social issue has meaning for or resonates with organizational constituents. As an environmental or social issue becomes increasingly certain (i.e., measurable), transparent (i.e., easily attributable to a specific firm), and likely to produce a strong emotive response in society, the greater the likelihood that companies are pushed towards adopting sustainable practices. 
Saliency also must be combined with the economic concept of externalities. When a firm produces externalities that are salient, stakeholders affected by these outcomes tend to increase pressure on the firm to reduce negative impacts (or alternatively increase positive ones). Accordingly, empirical research has demonstrated that firms in industries whose manufacturing process has negative impact on environment and society (e.g., oil, chemical industry, mining) adopt similar standards, report considerably more information regarding environmental, health and safety issues and use to rely on audits that are conducted or verified by independent third-parties (Darnall et al., 2009). To illustrate, Dow Chemical and BASF, two chemical giants, have developed comprehensive programs to assess potential safety and security risks across their supply chains, including an evaluation of the safety and security practices of its raw material suppliers, the hazards of the materials shipped, the safety and security practices of its logistics service providers, the downstream uses of its products and the qualifications of customers to whom the products are shipped (Yale Insights, 2012).

P2. As issue salience increases, the scope, independency and inclusivity of sustainability assessment and verification increases.

Outcomes of sustainability assessment and verification
While a wide range of outcomes could conceivably be linked to SAV, we will delineate and explore two particular aspects that can translate into a competitive advantage: operational risk and credibility.
Within OM literature, the concept of operational risk has been mainly treated as the negative variation in the distribution of possible supply chain outcomes, based on likelihood and potential severity. In the context of developing more sustainable supply chains, this risk can be related to, for example, the availability of scarce and non-renewable resources, or disruptive environmental and social events linked to sourcing (e.g., recall the case of Victoria’s Secrets).
SAV activities that look deeply into the supply chain enable firms to effectively judge the availability, affordability and quality of various resources (e.g., water, land, biodiversity), thereby providing relevant insights into potential operational risks. For instance, Puma had developed an Environmental Profit & Loss (E P&L) account that has been judged by an expert panel of independent accountants as a valuable asset for decision making (Balch, 2012). The E P&L quantifies Puma's direct sustainability impacts and also those of its suppliers. This account also has enabled the firm to evaluate the water intensity of its raw materials, and map these against regions where availability of water is limited, either now or possibly in the future.
Independency, then, opens opportunities for focal firms to mitigate the ambiguous risk created by inconsistent enforcement of regulations. Independency can deliver significant benefits: NGOs and accountants help firms to map their supply chains, gain greater visibility of issues in the workplace, identify and deal with extreme forms of abuse, and make workplaces safer and more hygienic. Recalling the case of Philips, the firm required its suppliers to pay for SAV activities that were executed by independent auditing bodies against a recognized and comparable industry standard. Philips believed that this approach provided an effective means to force suppliers to increase their commitment and to take ownership of their performance.
The third dimension, inclusivity, applies the collective mind (and possibly resources) of multiple stakeholders to more effectively manage the value-creation process. Moreover, the multiple points of contact can facilitate control and coordination along the supply chain, thus reducing opportunistic behaviours by individual suppliers that can increase risk. Thus, we expect that higher levels of inclusivity help to prevent negative events by recognizing potential risks earlier. 

P3. As scope, independency and inclusivity of sustainability assessment and verification increase, operational risk decreases.

The credibility of information is high when the source is fair, unbiased, tells the whole story, is accurate, can be trusted and responds to the information receiver’s needs (Meyer, 1988). Yet, credibility also has a subjective nature, as different stakeholders groups can adopt different views about the conditions that must be satisfied in order to perceive reports from a focal firm as credible. Thus, a firm’s history of sustainability practice can influence perceptions about the credibility of current performance. 
Decisions that concern content, form, depth and breadth cascade into the selection of specific certification approaches (e.g., GRI, SA8000, EPD, EMS), and have consequences in terms of completeness, precision, transparency, verifiability and comparability of collected data and processed information. Different groups of stakeholders have a different understanding of what should be the “whole story” and may require different degrees of accuracy for the information disclosed. Thus, firms that are capable of expanding the scope of SAV by combining different certifications approaches are more likely to enhance their credibility.
Examination of data and claims by independent third-parties is intended to add credibility to voluntary reports in the same way that a financial audit adds credibility to a corporate financial report (Park and Brorson, 2005). Independent assurance providers comment on what has been excluded from the firm’s report, focusing on the quality of the auditing process, on the competences of the organization and on the improvement actions that has to be undertaken. The readers of the final report (i.e., stakeholders) would in turn be able to assess the principles upon which the independent third party had reached its opinion and support the firm’s legitimacy to operate. 
Finally, inclusivity can improve the understanding of information by stakeholders, thereby increasing credibility and reducing the self-promoter’s paradox, i.e. if a company discloses overly positive environmental and social performance, it can hurt its credibility (Morsing and Schultz, 2006). Instead, credibility emerges from the participatory process that fosters trust, legitimacy and commitment by enabling both the firm and stakeholders to anticipate and manage conflicts.

P4. As scope, independency and inclusivity of sustainability assessment and verification increase, credibility increases.

Firms that reduce their risk and increase their credibility are likely to see economic benefits, in addition to investors potentially recognizing the materiality of non-financial factors. For example, if trust has been developed with insightful, motivated stakeholders, a richer set of options to attenuate any identified risk might be identified, resulting in lower cost solutions. Thus, while it might initially appear that increased scope, independence and inclusivity might come at greater cost, complex interactions make specific outcomes difficult to predict. For example, the increased costs of independent auditors might be transferred elsewhere in the supply chain, including consumers (e.g., Fairtrade), and greater inclusivity might yield more efficient, focused SAV practices. Greater credibility also offers a means for firms to differentiate their brands and extend customer value.

P5. As scope, independency and inclusivity of sustainability assessment and verification increase, financial benefits increase (i.e., lower costs / higher revenues).

Toward a new conceptual framework
This research extends OM literature for sustainable supply chains, which has tended to focus on supplier monitoring and collaboration as two independent approaches. However, these two dimensions can be bridged by a focal firm through a set of processes, defined as sustainability assessment and verification (SAV). Specifically, this multi-dimensional construct refers to the sets of activities that range from studying which stakeholders should be involved, to identifying what data should be collected and how, to deciding how that data should be validated, to managing communication with stakeholders, to gathering feedback from stakeholders, to follow up action for improving practice or attenuating operational risk. As depicted in our theoretical framework, three-dimensions are critical: scope, independency and inclusivity (Figure 1).  Antecedents and outcomes are also noted.


Figure 1. Conceptual framework

The model prompts three main considerations that extend our understanding of supplier monitoring and collaboration. First, we clearly see the central and complex role of multiple groups of stakeholders. Strategically chosen stakeholders need to be actively involved in the design and management of SAV systems, and potentially their subsequent operation and revision too. In doing so, stakeholder engagement influences the credibility of these systems, much like for accounting systems. However, this implies new capabilities for the supply chain function in firms that historically managed only a narrow set of stakeholders (i.e., suppliers, and a limited degree, customers).  
Second, the model implies that the development of SAV is contingent to the context where the firm is operating. Individual characteristics depend on what stakeholder views, and external definitions of good practice (e.g., issue salience). Furthermore, SAV can be an opportunity to redesign the supply chain and benefit from stronger supply chain integration.
Third, this paper proposes a number of competitive implications that could emerge from a well-managed SAV for the supply chain, including both reduced operational risk, and increased credibility. Future studies can be enriched by expanding the classic conceptualization of supplier monitoring and collaboration towards an explicit integration of accountability and stakeholder inclusivity. For example, fieldwork is needed to investigate the completeness of our proposed definition of SAV, as well as to test the significance of specific antecedents. Finally, of greatest importance, empirical research is needed to explore and examine the relationship between SAV and firms’ competitive advantage.
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