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Appendix 1: Codebook and data structure for sources of uncertainty
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	Subdimension of uncertainty
	
	Coding criteria and definition
	Selected representative quotes

	Environmental uncertainty
	Market-driven sustainability trade-offs 
	
	The informants note that prices, market characteristics and competitive pressures prevent or dissuade the adoption or development of GHG emission measurement and reporting practices in the SC.
	“One of the challenges is that we have two conflicting goals. Of course, we are trying to reduce our costs to improve our cost efficiency, and it is achieved by purchasing cheaper materials from developing countries, but this also increases our emissions. This is something we need to balance. So far, we have been unable to reduce the intensity of our GHG emissions. Our purchases from China have grown significantly, which has drastically increased our indirect GHG emissions.“ [Company C]

	
	Inadequate or unclear regulatory frameworks
	
	The informants observe the lack of precise or unambiguous regulatory guidance regarding emission reporting in the SC. The informants are also unsure about how future regulation will impact their business from the perspective of indirect GHG emission reporting. This means that the rules and requirements for reporting emissions are perceived as not clearly defined, uncertain, and sometimes controversial, leading to hesitancy to develop measurement and reporting practices.
	“Nobody in the EU is thinking about competitiveness and how it is created. Instead, they are trying to micromanage everything, which is not optimal from the industry’s perspective. The EU is managing country-level emissions, car manufacturers, and fuel distributors. But we do not have clear emission reduction targets, and not a single authority has been able to provide us with reference levels. We’ve had to research this on our own, and it has taken a lot of effort to understand a base level of emissions that we can use to measure our progress.“ [Company G]

	Task uncertainty
	Lack of standardized methods for emission reporting between SC partners
	
	The informants report the notable absence of established uniform procedures or protocols for reporting emissions across the SC. This absence leads to the lack of consistency and standardization in the way that emission data are collected, measured, and reported across different partners. Consequently, stakeholders may employ varying approaches, metrics, or benchmarks, which can hinder effective communication and comparison of emission data between partners.
	“You can see that the use of industry averages for emission factors is not very objective, for example, if the industry average is based on the production data of western actors and if a product is delivered from China or somewhere else that does not fit with this data. This makes it possible to get a too good picture of the product’s carbon footprint; however, it can also reflect a much higher emission factor than what it actually is.“ [Company A]

	
	Unavailable or low-validity data
	
	The informants mention the shortage of accessible and reliable data related to emissions from the SC. This problem can arise from various factors, such as limited data collection methods, unreliable sources, or gaps in the availability of necessary information. Additionally, the data that are accessible may suffer from issues related to accuracy, precision, or relevance, leading to concerns about data validity.
	“One of our challenges is that we don’t know all the types of data we can find in-house and how to use them. Instead, we rely on averages rather than specific data, which I am sure are hidden somewhere. Managing the emission factors is also a burden in itself because they are constantly changing, making it difficult to compare them between years.… Overall, [one of the issues is that] we have to use averages, generalizations, and simplifications in Scope 3 measurement.“ [Company K]

	
	Lack of human resources and emissions reporting expertise
	
	The informants observe the lack of human resources, knowledge, or appropriate competencies related to the performance of GHG emission measurement and reporting tasks.
	“I myself, and I am sure many of my colleagues, have been dragged into being responsible for [estimating] GHG emissions from our SC. Somebody probably thought, well, this quality management person can do it as an extra task. And obviously, [we don’t] have a lot of training or expertise in this area. So, we were side-tracked into it, then self-taught, and perhaps not well enough.“ [Company D]

	
	Product variety, complexity, and modularity
	
	The informants say that managing GHG emission data becomes more uncertain when dealing with diverse product lines and increased product complexity. Factors such as different manufacturing processes, component variations, and varying product lifecycles contribute to this challenge on the SC level.
	“[To cite an] example [of the challenges in data collection,] one of our customers wants to understand how to measure Scope 3 emissions when changing raw material inputs for a single production line. It is important to have the tools to make lifecycle assessments for a product. But [to calculate Scope 3 emissions,] we require data from the entire SC, from all suppliers, about each raw material being used and where it has been purchased. But we also need the type of data that can be flexibly updated when production inputs are changed for a specific product. This [information] is needed to understand how [such changes] affect GHG emissions at the group level.“ [Company J]

	
	Materiality ambiguity

	
	The informants apply materiality thresholds for indirect emission reporting. This means prioritizing the reporting of significant emission sources or “hotspots“ while potentially underreporting lower-intensity emission categories. Materiality thresholds are set to focus on perceived areas of highest impact, which can lead to a situation where indirect GHG emissions are wrongly estimated or lower-intensity emissions are not reported at all.
	“It is not feasible to have emission estimations for all types of deliveries. We need as much data as possible on large deliveries. And in our business, many customers have extensive decarbonization goals, and they prefer to have accurate information about each delivery, but this is not possible now, and probably will never be. That’s why we have to use average-based data for some of our deliveries.“ [Company H]

	Source uncertainty
	Knowledge deficits related to climate change issues in the SC
	
	Informants report shortcomings and variability in their SC partners’ understanding and awareness about environmental and climate-related factors. These aspects include limited general knowledge about GHG emissions, the negative impacts of climate change on operations, and effective mitigation practices.
	“Despite many technical challenges [related to GHG emission reporting], we still have a lot to do in making sure that everyone has a basic understanding about the issues. We receive a lot of questions [related to indirect GHG emissions] from our customers, and sometimes, we can clearly see from these questions that they themselves don’t understand what they are asking.“ [Company F]

	
	Large and geographically spread tier 1 supply base
	
	The informants note significant challenges arising from the large scale and diversity of the direct supplier base. This situation introduces difficulties in tracking and aggregating GHG emission data since multiple partners are involved, each with its own operational practices, locations, and production specifications.
	“What we are seeing is that that we have a great deal of non-European suppliers also, and especially in the Asian region and South Africa, we’re seeing that they are lagging behind on this. Not very many have actual data to provide for us…. Of course, most of the resources that are used [to collect indirect GHG emission data] simply require maintaining correspondence with our 50 largest suppliers, trying to collect data each year. That is what takes the most time.“ [Company B]

	Supply chain uncertainty
	Global sourcing, manufacturing, and logistics networks
	
	The informants observe challenges associated with operating within a global sourcing, manufacturing, and logistics framework, which entails a SC structure spanning various regions and countries. Such complexity arises from managing operations, suppliers, and distribution networks in diverse geographic locations, each subject to unique regulatory environments and operational practices.
	“We do not have access to real-time GHG emission data. Our emissions are estimated because we lack a direct link to each vehicle for receiving data about emission from a delivery. The volume of data and the number of different actors in this industry are also large, so we have no choice but to make estimates based on averages and assumptions.“ [Company I]

	
	Regional data asymmetry
	
	The informants mention challenges concerning regional data discrepancies within the SC network. These issues are related to the notion that different areas in the SC can provide data of varying quality and accuracy regarding GHG emissions, thus complicating decarbonization efforts. 
	“Our local suppliers can provide some data about their indirect GHG emissions. However, based on my personal experiences, for example, if you ask from China, you may get this answer: ‘It is one.’ ‘Which one?’ You will not be able to go to them and dig any deeper.“ [Company H]

	Technology uncertainty
	Unavailable or inefficient tools for carbon accounting in the SC
	
	The informants observe deficiencies in the availability or effectiveness of the tools and resources dedicated to carbon accounting and reporting of indirect GHG emissions. This problem encompasses a range of inadequacies, such as the absence of specialized software, outdated or incompatible systems, or the lack of comprehensive training resources.
	“At least before, our systems had problems in distinguishing whether a delivery had been shipped over water, and the activity data reported assumed it had been carried by truck on roads. [...] The systems didn’t always recognize the feeder transport; they could assume that the transport was done by land instead, in kilometers by truck, not by ship.“ [Company I]

	
	Lack of automation in data management processes
	
	The informants identify a deficient level of automation applied to data management processes related to SC emissions reporting. Tasks such as data collection, storage, analysis, and reporting are perceived as predominantly manual or relying on inefficient, non-automated systems.
	“There is still a lot of manual labor, and that is one of the things we are trying to solve right now. It’s not going to happen this year. We are looking at how we can automate the data flows as much as possible and reduce the manual data collection. I don’t know if we can ever fully automate it, maybe in a couple of years.“ [Company E]

	
	Technology integration with existing tools and SC partners
	
	The informants recognize challenges associated with seamlessly incorporating new technology into the existing tools and systems used by SC partners. These issues include difficulties in ensuring compatibility, interoperability, and effective communication across different technological platforms. The integration process may require significant adjustments and investments to align with the existing infrastructure.
	“We have maybe 100 different tools. In terms of our business journey, a specific problem is the integration between the tools; we have to make sure that the data coming out from one tool do not have any errors when used in another tool. This type of IT integration is often very costly and challenging.“ [Company F]


	Partnership uncertainty
	Power asymmetry and lack of leverage in the SC
	
	The informants observe significant imbalances in influence and negotiating power among SC partners. Some partners may possess more control or bargaining leverage, while others have a limited ability to assert their interests. This power dynamic, coupled with insufficient bargaining leverage, can lead to challenges in influencing emission reporting practices.
	“Getting data about GHG emissions from the SC is not only up to us but also depends on the suppliers. We try to engage with them in various ways to align with our targets. But sometimes, the harsh reality is that we are small players in their customer base, which makes engaging with them challenging. They may have other larger customers who have completely different agendas.“ [Company E]

	
	Protection of image and reputation
	
	The informants say that companies are concerned about how their disclosure of emission information might be perceived by stakeholders and the public. Specifically, there is apprehension about the risk of being labeled as engaging in “greenwashing“ if emissions based on uncertain or low-validity factors are disclosed. This fear of reputational damage may lead companies to be cautious in their reporting practices, potentially resulting in underreporting or conservative estimations of emissions.
	“At least to my knowledge, I have not seen anything in our industry yet, where information about product-specific emissions is collected from. I think that this is because not that many have EPDs yet, and if they aren’t third-party validated, maybe many companies are afraid to put [the information] out there. They might be afraid of being [accused of] greenwashing, or maybe they are lagging behind the average—then you don’t have the [incentive] to provide the figures.“ [Company B]

	
	Opportunistic behavior of suppliers or third parties
	
	The informants report instances where suppliers or third parties in the SC may engage in self-serving actions that exploit or take advantage of their positions as organizational stakeholders. These actions may deviate from desired forms of collaboration or fair dealing. This opportunistic behavior can manifest in various ways, such as intentionally providing inaccurate emission data or withholding crucial information.
	“One of the issues that is challenging indirect GHG reporting is the fact that some electricity companies are advertising that a large part of their energy production is renewable, and it is misleading some companies. We asked one of our suppliers about the type of electricity they were purchasing, and they answered, ‘According to the electricity distributor, half of it is 50% CO2 free.’ Our supplier mistakenly thought that this meant they also had 50% CO2 free electricity, but this was not the case because other customers had already bought it. In fact, their electricity was found to be generated using fossil fuels. So, we can see a lot of shady marketing, greenwashing, and empty promises, too. There is a risk that this whole process is done wrong because of incentives that prevent solving the global climate crisis.“ [Company C]

	
	Proprietary data and sunk costs of development
	
	The informants say that SC partners face dilemmas regarding environmental disclosure due to the sensitive or proprietary information related to emission data or their significant investments in developing and implementing measurement systems. This leads to their reluctance in revealing detailed information about methodologies related to emission measurement as it may inadvertently reveal valuable intellectual property or make transparent reporting methods freely available for potential competitors.
	“For example, revenue-specific data are proprietary information, which can never be made public. For environmental data, we often use business-critical indicators, and as a listed company, we need to be careful about how we disclose our performance-related information. In that sense, we cannot report anything that relates to our revenue streams if it is not compatible with our other public reporting.... To report data [on GHG emissions] that can be made public, we need to establish specific boundaries because some data can be very sensitive.“ [Company F]

	
	
	
	
	




Appendix 2: Codebook and data structure for information processing mechanisms

	Sources of uncertainty
	Information processing mechanism
	
	Coding criteria and definition
	Selected representative quotes

	Environmental uncertainty
	Analyze market developments and prepare for a rapid transition to more transparent and environmentally friendly products
	
	The informants describe systematic efforts to analyze market trends, consumer preferences, and competitor actions related to sustainability. This includes preparing for shifts in demand toward products with lower environmental impact and planning better carbon accounting to align with changing market dynamics.

	“Many of our customers have a clear vision of environmental issues, and we have highly advanced clients in this area. However, each customer approaches it differently, with varying details. For example, some of our customers are in the forest industry, and they focus on environmental responsibility in that context. This requires us to focus on improving our products to reduce waste, increase yield, and minimize energy and water consumption. [Due to the competitive markets], we need to be at the forefront of developing environmental sustainability. If some of our activities are not considered sustainable in five years, we need to adjust them.” [Company C]


	
	Continuously monitor and adapt to shifts in cross-regional regulation and policies on climate change

	
	The informants mention tracking regulatory developments across regions, such as or new reporting requirements, and adjusting compliance strategies accordingly.
	“Regulations regarding carbon accounting and reporting are changing rapidly. Due to our operations in the USA, we must closely follow regulatory developments in both the USA and the EU directives.” [Company F]


	Task uncertainty
	Adopt industry-specific standards and joint methodologies for GHG emissions reporting purposes

	
	The informants highlight the importance of aligning with widely accepted industry standards or collaborating with peers to develop common reporting frameworks.
	“It would be a great leap forward if everyone followed the same rules and calculated and reported their emissions in the same way. This requires standardization, similar to products: we need common methods for calculation, clear priorities on what to focus on, and what can be omitted. If we consider all the emissions-related factors we can calculate, it becomes a huge mess.” [Company D]


	
	Use internal and third-party assurance to validate data points used for GHG emissions reporting purposes

	
	The informants describe employing internal audits or engaging external verifiers to assess the accuracy and validity of emission data.
	“We collect data on a monthly basis. Every production site has a dedicated person to report the numbers, which are then consolidated at the corporate level by my team. Activity data is collected by around 20 employees, and our supply chain sustainability team is responsible for mapping out the emission factors. They also work closely with our suppliers to obtain supplier-specific factors. [...] All of our emissions-related calculations are verified by a third party.” [Company A]


	
	Simplify product designs and reduce variety or use standardized components and production inputs

	
	The informants emphasize streamlining product designs and adopting components with standardized emissions to reduce uncertainty in carbon accounting.

	“Our vision is for product designers to have full access to emissions-related information. When making choices for new products, CO2 indicators, including Scope 3 emissions, will be available for various optional modules. For example, steel plays an enormously important role in these decisions.” [Company E]


	
	Periodically assure the materiality of production and use-phase related indirect emissions

	
	The informants describe periodically reviewing emission sources to ensure that focus remains on the most significant contributors.
	“We provide analytics based on spend data and activity data. If additional data sources are available, such as detailed information on specific materials, we collect those as well. Our goal is to offer a comprehensive analytics service and deliver timely insights to our customers. This includes monthly updates that highlight key carbon hotspots.” [Company J]


	
	Implement specified training programs and recruitment strategies to enhance personnel competency in GHG emissions reporting 

	
	The informants note investing in targeted employee training or hiring skilled personnel to manage complex reporting tasks and build organizational expertise in carbon accounting.
	“The upcoming reporting requirements include over 100 indicators, of which we are currently reporting on only a fraction. These changes necessitate hiring additional personnel with sustainability expertise or training our existing staff to meet these demands.” [Company C]


	Source uncertainty
	Consolidate supply base or implement GHG reporting criteria in the sourcing / procurement process

	
	The informants describe reducing the number of suppliers or incorporating emission reporting requirements into contracts and procurement policies to improve data consistency.

	“We conducted a pilot project where procurement decisions were evaluated based on the environmental performance of our suppliers. Scope 3 emissions were one of the criteria used for supplier selection. These criteria are gradually being integrated into our regular commercial negotiations.” [Company K]


	
	Educate SC partners about global climate change issues and environmental sustainability

	
	The informants emphasize providing resources, training, or knowledge-sharing for supply chain partners to enhance their understanding of climate-related issues and reporting responsibilities.

	“We educate our suppliers and subcontractors, but education and training alone are not enough; support is also essential. For instance, if you are a logistics contractor, being on the road makes studying this topic challenging. Therefore, we aim to help their organizations ensure someone internally can take responsibility. As a large corporation, we strive to disseminate our sustainability knowledge to supply chain organizations, including the many small logistics providers that form a significant part of the supply chain in Finland.” [Company H]


	Supply chain uncertainty
	Reduce supply network complexity through sourcing decisions and simplifying SC operations 

	
	The informants describe efforts to plan supply chain networks by selecting suppliers or logistics routes that reduce operational complexity.

	“Our logistics operations are designed to ensure that the entire fleet is available to our customers at all times. We use a digitalized system to optimize vehicle usage by minimizing travel distances and incorporating renewable energy sources based on customer requirements. Logistics routing and truck load utilization are continuously adjusted in real time. This improves the overall effectiveness of logistics operations, enabling more services with less energy. [...] The real-time system also enhances carbon accounting and facilitates carbon reductions.” [Company G]


	
	Source from regions that are institutionally committed to tangible emission reduction targets

	
	The informants indicate prioritizing sourcing from regions with strong environmental policies and commitments to climate goals.
	“Because we are not seeing that much regulation on [Scope 3 emissions] outside of Europe or outside of the States. So, that's a big part our procurement decisions. [...] It’s like making this transparency from the upstream end to the downstream end, and saying okay, what is the actual trade-off to going with maybe European source of steel instead of Asian source of steel. Then our end customer needs to decide whether or not they want to pay a premium for that.” [Company B]


	Technology uncertainty
	Invest in collaborative IT systems or platforms to support GHG reporting in the SC
	
	The informants describe adopting advanced IT systems or digital platforms designed for sharing and managing GHG data across supply chain partners.

	“We provide emissions-related information on multiple platforms accessible to our clients. Customers can also review the emissions data for different delivery options in advance and select their preferred service level. […] Increasingly, the process of accessing emissions information is shifting to the customer through self-service portals, allowing them to search for and use the data independently without our direct involvement.” [Company I]


	
	Increase automation in manual data management tasks related to GHG reporting
	
	The informants mention implementing automation to replace manual processes to improve efficiency and accuracy in data handling.

	“Our analytics process is fully automated from data collection and calculation to analytics, eliminating the need for manual work by the customer. This automation allows customers to focus on identifying sustainability risks, opportunities, and advancing their sustainability strategy. Also, the ability to transition from high-level overviews to detailed data enables customers to drill down into emissions and identify hotspots effectively. Unlike traditional static tools, our solution provides actionable insights and simplifies the complexities for the customer.” [Company J]

	
	Ensure compatibility and scalability of purchased carbon accounting tools

	
	The informants stress the importance of selecting carbon accounting systems that integrate seamlessly with existing tools and allow for future scaling.
	“For example, our existing systems can share data into Azure, which then integrates with the Cloud for Sustainability. This can consolidate data on emissions across different products, product categories or the business unit level.” [Company D]


	Partnership uncertainty
	Develop contractual and relational governance for monitoring purposes
	
	The informants describe implementing contracts or collaborative agreements that define roles, responsibilities, and monitoring practices for emissions reporting.

	“The measurement and reduction of CO2 emissions is based on yearly follow ups with our suppliers. Although the process is manual and time-consuming, it is well integrated into our regular business processes. During supplier meetings, we now assess emissions alongside production-related aspects. Emissions monitoring has become a new parameter included in these meetings.” [Company A]


	
	Create information sharing mechanisms

	
	The informants highlight setting up mechanisms for sharing information across supply chain partners to enhance transparency and collaboration.
	“When considering the value chain of an organization, it is not always possible to acquire all necessary data for Scope 3 emissions internally. Communication with upstream vendors and suppliers is essential to gather information on product materials or direct emissions data. Similarly, downstream, organizations need to collect information from product users. Not everything can be obtained from internal systems, effective communication is necessary.” [Company L]

	
	
	
	
	

	
	Build and maintain trust for long-term partnerships
	
	The informants emphasize fostering trust through transparent practices and consistent collaboration, which promotes long-term commitment to sustainability goals.
	“Engaging our suppliers is an ongoing process. The more suppliers we involve in Scope 3, the more follow-up procedures are required. Our sustainability team actively participates in various development activities to enhance transparency and ensure the validity of CO2 emissions data.” [Company C]
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