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Abstract 
 
In recent years, concern about climate change has increased consumer interest in sustainability 
issues. Consumers have become more meticulous in their food choices, involving in their decisions 
different aspects such as where their food comes from and the background associated with it. This 
new scenario shapes an innovative framework for the value chain, where carbon emissions (CE) 
labels could emerge as an attractive opportunity, providing information about the environmental 
impact of a product. Through a systematic literature review, this paper assesses consumers’ 
willingness to pay premium prices for beef products labelled with CE information. The existing 
literature on this topic is extremely scarce. The willingness to pay for CE has been researched more 
extensively for other groceries than for beef alone, just as sustainability labels have not been 
researched in-depth in contrast with other credence attributes. Therefore, studies investigating these 
broader topics are analysed and their conclusions extrapolated to beef to understand potential 
consumer reactions to CE labelling. The findings show that consumers claim to support ecological 
ideas and value the CE label but are not willing to pay higher prices to have access to this 
information. Instead, they prefer to buy a less carbon-intensive substitute option. 
 
Keywords: Carbon emissions, willingness to pay, beef, ecological labels, sustainability 
 
Introduction  
 
Beef production systems are currently in the spotlight when it comes to climate change, especially in 
those nations where agriculture is a significant contributor to the economy (Buddle et al., 2011). 
According to FAO (2006), the beef industry accounts for 40 per cent of the world’s agriculture output, 
employs 1.3 billion people and is the livelihood of a billion individuals living in poverty. 
 
Globally, livestock is known as the primary source of the human-induced methane (CH4) contribution 
to the atmosphere (Watson et al., 1992), within which beef explains 41 per cent of the sector’s 
emissions (FAO, 2013). By 2050, it is expected that global beef consumption will double (FAO, 2009; 
Roberts, 2009), so reducing cattle numbers is not a viable option. Consequently, the industry faces a 
challenging situation. While it is forced to increase its production to meet consumer demand, it is 
being required to develop in a more environmentally friendly approach and in a more socially 
responsible manner (Capper, 2013). 
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Since a reduction in beef cattle numbers is out of the question, diminishing methane emissions from 
cattle has acquired a crucial role in long-term ecological benefit (Beauchemin et al., 2007). Several 
strategies have been researched during the last decades, with progress in three broad categories: 
improving cattle management practices to increase efficiency and productivity, nutritional and 
microfloral manipulation to decrease gas production, and changing human diet to lower meat 
consumption. 
 
Consumers’ concern about climate change and sustainability (Boehlje et al., 2011), leads to an 
interest in the characteristics of differentiated food products (Deliza et al., 2003). Thus, consumers 
tend to request more information about where their food comes from and its production 
environment (Costa and Jongen, 2006). 
 
Carbon labelling has been emerging as an opportunity. A carbon emissions label provides consumers 
with information on the environmental impact of a product in terms of carbon equivalent along the 
entire value chain, expressed in kilograms or tonnes of carbon dioxide (CO2) per unit of output 
(Shewmake et al., 2015; Canavari and Coderoni, 2020; Gerber et al., 2013). It specifies the total 
amount of CO2 and CH4 emissions considering all sources, sinks and storage within the spatial and 
temporal boundary of the activity (Wright et al., 2011). However, due to the dominant methane 
emission, beef research is mainly focused on this gas. 
 
Today, measuring CE at the farm level is gaining new supporters. Two specific examples are Lawson 
Angus (Lawson Angus, 2022), in Australia, and Low Carbon Ranch (Low Carbon Beef, 2020), in the 
United States, both of whom measure the feed intake and methane output of their cattle, and 
market their meat under their own brands. More broadly, there is increasing interest and 
engagement in carbon farming, as evidenced by a beef producer selling carbon credits to Microsoft 
(Goodwin, 2021). 
 
The differentiation of foodstuffs with carbon labels could motivate buyers to purchase eco-friendly 
options (Nishino et al., 2014). In particular, for beef products, it could mean that their consumption is 
discouraged in favour of other substitutes. Although consumers are willing to choose more 
sustainable products, some researchers find that eco-labelling is still not enough to change their 
purchase decision-making outcomes (Lazzarini et al., 2018). 
 
This highlights the importance of understanding consumer attitudes towards greener choices and 
their actual willingness to pay premium prices for them. Willingness to pay (WTP) is a measure for 
indicating the maximum monetary contribution an individual is willing to make in order to balance 
for a rise in his utility (Koistinen et al., 2013). Some findings suggest that providing information on 
food groceries to consumers about carbon emissions enhances their WTP (Kimura et al., 2010; 
Caputo et al., 2013), while others report an opposite outcome (Peschel et al., 2016). 
 
In the beef industry, the WTP measures the value added to meat cuts (e.g. steaks) and to products 
(e.g. ground beef) through differentiating attributes. In food in general, some studies claim a superior 
WTP (Grebitus et al., 2013; Charry et al., 2016) while others suggest the inverse (Li et al., 2016). This 
underlines a gap to be investigated, as the cost of providing new information and a consumer’s actual 
willingness to pay for that information is still unclear. Some people claim to support ecological ideas, 
behaviours or processes, but reality shows that they do not always reflect this in their decisions and 
actions. There is a divergence between beliefs and actual behaviour. So, is it worth quantifying and 
labelling beef products with carbon emissions information? In value chain terminology, this is a 
classic strategic fit problem. For a market-based solution, value chain participants have to be able to 
recoup the investment costs of the measurement and communication system from consumers’ WTP. 
Thus, knowledge of consumers WTP is critical. 
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The aim of this study is to review the existing literature exploring consumers’ WTP for information on 
the carbon emissions of the meat they want to buy. A positive consumers’ WTP would suggest that 
highly effective management practices might become potentially viable to farmers despite adding to 
costs. The adoption of carbon emissions labelling could increase supply chain profitability, 
highlighting the relevance to a business or industry. Uncertainties about the reliability of such 
estimates are considered in the discussion section. 
 
Initial Literature Review 
 
Due to increased awareness of climate change, in agriculture “business as usual” is no longer a viable 
option (Stringer et al., 2020). Agribusinesses have to manage between stakeholders’ pressure, 
consumer trends, commodity prices, and terms of trade between countries (GRDC, 2016; Leach et al., 
2018). Addressing these areas encompasses good agricultural practices (GAP) along with providing 
information on the sustainability credentials of food products. 
 
Consumers are currently the main drivers of sustainability marketing strategies (Belz and 
Schmidt-Riediger, 2010) rather than a supply chain focus (Moisander, 2007). Every day, more 
purchasers shift to eco-friendly choices thus forming an increasing segment inside the food business. 
Their increasing affluence defines future trends for the agribusiness sector. Along with public 
attention, new opportunities and threats will emerge. Livestock systems will have to take into 
account the ethics of food production, safety, and traceability, providing clear information with a 
closer relationship among the value chain. 
 
Sustainability claims 
 
Nowadays, the first sustainability claim that stands out refers to the mitigation of methane 
emissions, since beef production is under intense public scrutiny. Society perceives beef production 
to have an unacceptable environmental cost due to its contribution to global warming (Capper, 
2013), even though their perception is worse than the real values prove to be (Rotz and Rotz, 2020). 
While the IPCC estimated global GHG emission at 49 Gigatons of CO2 equivalent (Edenhofer et al., 
2014), livestock accounts for 7.9 per cent, within which beef represents 41 per cent (Gerber et al., 
2013). So, the beef industry contributes less than 5 per cent of total GHG emissions. 
 
However, the controversy arises because greenhouse gas emissions per kilogram of beef are higher 
than any other animal or vegetable protein (Ripple et al., 2014). Furthermore, meat consumption is 
projected to increase, enhancing stakeholders’ concern. This frames a scenario towards sustainable 
practices, integrating into the analysis the environmental, social and economic dimensions along the 
value chain (Herrero et al., 2015). Nowadays, practices are entirely different from decades ago, with 
more responsible sustainability and ecological processes (Ruttan, 1999; Robertson and Swinton, 
2005), increasingly meeting current needs without compromising future ones (Basiago, 1995).  
 
Some practices intend to assess manure handling and improve the efficiency rate, producing the 
same or more beef in reduced time and with fewer resources (Stackhouse et al., 2012). The impact of 
these practices varies according to region, climate, pasture, animal genetics and management 
activities, and their interaction makes it complex to extrapolate the success of GAP results between 
different scenarios (Ruviaro et al., 2015). The increasing interest led to the creation of roundtables, 
where multi-stakeholder collaboration helped to address sustainable beef production, focusing on 
reducing the CE of beef throughout its life cycle, from farm to fork (Buckley et al., 2019).  
 
The second sustainability claim refers to meat credence attributes (such as animal welfare, 
traceability, country of origin, organic production and food safety) acquiring increased importance in 
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both developed countries (Schnettler et al., 2009) and developing countries (Echeverría et al., 2014). 
Consumers shifting towards eco-friendly labelled groceries are have positive WTP for branded beef 
products, including the carbon emissions as an attribute (Franken et al., 2011). Remarkably, climate 
change features are not yet widely incorporated and remain unfamiliar to most of the consumers 
(Röös and Tjärnemo, 2011). 
 
Ecolabelling remains a major challenge since consumers usually do not have explicit knowledge of the 
definition of some attributes and how to distinguish them from traditional practices. A better 
understanding of the environmental impact of beef production and adequate knowledge of the 
information provided on labels could be useful in making informed choices towards greener options. 
While production would become more sustainable, market segmentation could lead to potential 
additional revenues for other industry actors (Morales et al., 2020). 
 
The integration of environmental labelling has been increasing in popularity among companies, 
positioning a product’s image as differentiated (D'Souza, 2004). According to Sinclair (1996), 
industries also argue that certifying their ecolabels provides them with other positive benefits such as 
increased credibility and better communication. The food value chain faces an innovative 
sustainability concept known as green marketing, providing customers with trustworthy 
environmental credentials (Peattie and Charter, 2003).  
 
On the other hand, several researchers found that adding more novel labels could generate 
confusion and be counterproductive (Risius and Hamm, 2017). Confusion can arise because 
consumers perceive different attributes to be similar, given the increased exposure to sustainability 
labels (van Dam and van Trijp, 2011). As consumers confront foods that have become packages of 
credence certifications, the specialisation of the products and the saturation in information is such 
that it is extremely complex for them to process and decide on the best option (Nuttavuthisit and 
Thøgersen, 2017). 
 
Beef methane mitigation 
 
Methane is produced in ruminants due to enteric fermentation of carbohydrates, mainly from grass 
fodder (Verge et al., 2007). Its emissions depend on animal characteristics, feed quality and 
environmental parameters. Identified as a substantial source of greenhouse gas, methane mitigation 
options need to address these drivers, reducing emissions or removing GHGs (Cerri et al., 2010). 
Researchers have focused on three main areas of investigation, but their adoption depends on their 
cost-effectiveness. 
 
As a first measure, low-cost and high-impact strategies are priorities. Increasing pasture quality and 
feed digestibility (DeRamus et al., 2003; Subak, 1999), changing herd management and grazing 
systems (Berndt and Tomkins, 2013; DeRamus et al., 2003), or enhancing breeding performance 
(Hegarty and McEwan, 2010; Rolfe, 2010), show considerable progress in mitigating methane 
emissions by improving animal and herd efficiency (FAO, 2013).  
 
Better grazing management spreads soil coverage, fosters biodiversity, improves soil structure and 
increases carbon sequestration (Lapetina, 2010). Similarly, selecting livestock according to higher 
food conversion rates (dry matter intake/kg produced), diminishes methane production (Martin et 
al., 2010; Wall et al., 2010). Shifting from low to high digestible pastures reduces fibre and increases 
soluble carbohydrates, which physiologically reduces the methane produced in the fermentation 
process (Ulyatt et al., 2002; Hegarty, 1999). For example, a beef case study in Brazil reduced methane 
output from 42.6 to 18.3 Kg CO2e/Kg live weight gain by shifting from natural grass to ryegrass and 
sorghum pastures (Ruviaro et al., 2015).  
 



Issues in Implementing a Low Carbon Emissions Label for Beef                                            Schneeberger and Griffith 

 

Australasian Agribusiness Perspectives, 2022, Volume 25, Paper 3                                                                     Page 29 
 

A more advanced strategy involves nutritional and microfloral manipulation. Supplementary feeding 
with red seaweed (Kinley et al., 2020), adding lipid sources such as sunflower or canola oil 
(Beauchemin et al., 2007; McGinn et al., 2004; Beauchemin and McGinn, 2006), or even vaccination 
against rumen methanogens (Buddle et al., 2011), are among the dozens of the alternatives tested 
that exhibit potential mitigation effects. 
 
For instance, the addition of lipid supplement reduced emissions by 3.5 per cent (Moate et al., 2011) 
and 5.6 per cent (Beauchemin et al., 2008) for each 1 per cent added. However, fat components 
depress dry matter consumption (Beauchemin and McGinn, 2005) and so methane losses increase 
(Johnson and Johnson, 1995). Other authors perceive red seaweed to be a game-changer, with 
enormous reductions in methane emissions. While Roque et al. (2020) reported a reduction of 80 per 
cent with 0.5 per cent added, Kinley et al. (2020) demonstrated almost a total suppression, with 98 
per cent mitigation through just 0.2 per cent supplemented. Nonetheless, any new feed component 
must integrate their process stages and GHGs contribution into the balance, ensuring that a 
reduction in emissions at one point does not stimulate higher emissions in another part of the 
production system (Cottle et al., 2011; Eckard et al., 2010). 
 
Finally, as a more drastic and transformative measure, a change in the human diet is being promoted. 
Modifying patterns of consumption towards substitutes with lower CE have increased as a priority 
issue since various other actions would not be enough (Garnett, 2011). Shifting to reduced-meat 
diets could have a social, environmental and economic positive effect. The most advanced studies 
have focused on replacing meat with plant-based foods such as pulses (Aleksandrowicz et al., 2016), 
alternative animal protein sources like edible insects (Akhtar and Isman, 2018), or even lab-cultured 
meat (Macdiarmid and Whybrow, 2019). However, for the time being, this transition, which puts 
downwards pressure on beef numbers, is unlikely to occur (Rust et al., 2020; (Alexander et al., 2017). 
 
Both Feucht and Zander (2017) in several European countries, Whitmarsh et al. (2011) in the United 
Kingdom, and Tobler et al. (2011) in Switzerland, concluded that consumers are reluctant to change 
their diets towards less meat. Their reaction is mostly explained by their lack of recognition about the 
contribution of the livestock system to climate change, either through ignorance of its impact or by 
perceiving a change in diet as yielding a trivial reduction. De Boer et al. (2013) point to the opposite 
result, where Dutch consumers are willing to reduce their meat consumption. However, the analysis 
concludes that it is only received positively by environmentally friendly buyers, as it generates 
resistance from climate change sceptics. 
 
The measurement of livestock emissions relies on predictive models, requiring specialised and 
expensive equipment (Moraes et al., 2014), such as infrared spectroscopy, mass spectroscopy, or gas 
chromatography (Johnson and Johnson, 1995). Reliable data should not consider the animal in 
isolation but should include the overall system balance. While livestock release GHGs, their excreta 
promote carbon fixation and plant growth, which subsequently sequesters more carbon and 
counteracts the adverse effect (Godfray et al., 2018). 
 
Coping successfully with climate change and methane emissions requires the adroit combination of 
these management practices, together with innovative ideas that have emerged such as carbon 
emissions quantification and labelling. 
 
Carbon emissions labels 
 
Measuring CE has become popular among industries during the last decade (Röös et al., 2014). A beef 
CE label provides consumers with information on the total emissions of GHGs per unit of product 
(Röös et al., 2013). For instance, beef provides the highest emission rate among 40 major foods, with 
60 Kg of CO2e/Kg of meat (Poore and Nemecek, 2018). Nonetheless, its influence is mainly in the 
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farm stages, with only a 3.3 per cent contribution in the later stages of the value chain (Poore and 
Nemecek, 2018). 
 
Research suggests that labelling tends to shift consumers’ behaviour and preferences (Blomqvist, 
2009), even though this may merely be due to an altered perception (Meyerding et al., 2018). 
Although there is a general agreement among researchers that providing CE information aids making 
“greener” decisions, this does not imply that consumers are willing to pay sufficiently more for a 
product to make provision of the information economically rational. 
 
The vast majority of studies have been based on surveys, and consumer response varies according to 
socio-demographic characteristics, and attitudes and perceptions towards the environment. Feucht 
and Zander (2017) found that consumers in Europe are WTP premium prices for CE labels. However, 
they recognise limitations such as a lack of understanding of its meaning. Similarly, in Finland, 
consumers have a positive attitude towards labelling, but only find it useful to compare between 
products (Hartikainen et al., 2014). 
 
On the other hand, in China, although consumers linked climate change with higher GHG emissions, 
they barely desire to pay more for labelled products (Zhao et al., 2018). Likewise, Li et al. (2016) 
report that there is a positive willingness in the United States, but less than 25 per cent of households 
would pay more for it. Instead, they prefer to buy a less carbon-intensive substitute option. 
 
Shewmake et al. (2015) found that, of 42 food products, labelling meat would generate the greatest 
impact reducing emissions among the value chain. Providing meat CE information seems to decrease 
shoppers’ preference for substitutes (Koistinen et al., 2013). Nevertheless, there is no clear upward 
trend in WTP for beef products as there is for other groceries (Shuai et al., 2014). While some 
researchers reported a lack of appeal and lower WTP for labelled meat (Van Loo et al., 2014), others 
registered a strong demand for this given attribute (Gadema and Oglethorpe, 2011, Meyerding et al., 
2018). 
 
Increased consumer interest in an eco-label opens up the opportunity for a niche market, where 
retailers could seize this opportunity, increasing competitiveness and profits (Zhao et al., 2018), 
Additionally, corporates could highlight their social responsibilities and enhance their reputation 
(Vandenbergh et al., 2011). Some retailers in Europe and the United States (Walmart, Tesco, Casino, 
among others) have adopted this practice and have been successfully following this path for some 
years now (Caputo et al., 2013). In contrast, few other retailers employed this technique and given 
the low WTP premium prices for certain labelled food products led them to withdraw them (Peschel 
et al., 2016). The heterogeneity of the response is still an area where researchers highlight that 
further study is needed. 
 
Pro-environmental changes may not happen without parallel policy programs and the intervention of 
these regulating actors (Lucas et al., 2008). Their role is essential in understanding whether, for a 
given market, carbon labelling should be voluntary or mandatory. While the mandatory option is the 
optimal one in markets where a preference for green products prevails, the voluntary one succeeds 
when there are political constraints on introducing the mandatory one (Zilberman et al., 2018). 
 
Credence attribute labels 
 
Credence attributes are those that the consumer cannot observe either by search when a product is 
purchased or experience during and after its consumption (Gimplinger et al., 2002). Prior to 
purchase, consumers generally have limited information and are unable to distinguish different food 
qualities, so they are not WTP extra money (Kola and Latvala, 2002). Labelling with credence 
attributes is a solution to this information issue. 
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Beef attribute certification is an area that has been explored for several decades and enables buyers 
to evaluate different alternatives and choose the one that is most convenient for them. It embraces a 
range of characteristics such as animal welfare, organic beef, country of origin, traceability and food 
safety and quality. Consumer preferences and concerns have led retailers to segment the market and 
gradually introduce labelling for each of these attributes (Henchion et al., 2014). Dozens of studies 
have analysed behaviour and response, concluding that it differs according to the variables 
considered, but most of them have positive responses to labelling. 
 
A historic turning point followed the outbreak of mad cow disease in the European Union when 
consumers lost all confidence in the (assumed) safety of meat products and consequently demanded 
more information along the supply chain. Research in four European countries (Germany, Italy, 
France and Spain) showed that consumers significantly valued beef traceability, as it gave them more 
confidence in their food quality and safety (Van Rijswijk et al., 2008). Livestock traceability allows 
tracking an animal from the paddock to the plate, with the record and the origin of the beef 
products, enabling the transparency of the whole process (Hobbs, 2003).  
 
To restore confidence, consumers not only demand certified meat but are WTP higher prices for it 
(Risius and Hamm, 2017, Angulo and Gil, 2007). Realini et al. (2013) noted that French, Spanish and 
British households have a strong acceptance of beef credence attributes, describing the country of 
origin as the main feature requested. However, the response was not consistent across Europe, 
where Belgian consumers reveal little interest in traceability and only moderate relevance to the 
country of origin compared to other quality issues (Verbeke and Ward, 2006). 
 
Through a meta-analysis, Cicia and Colantuoni (2010) conclude that meat consumers would pay 
between 11 and 16 per cent more for traceability certificates and food safety. This is in line with the 
observations of Enneking (2004), according to which consumers’ WTP for food safety and quality 
increases considerably if products are labelled. In France, the UK and Germany, consumers prefer 
labelled beef, even suggesting that mandatory government labels offer more confidence than private 
labels (Roosen et al., 2003). 
 
On the other hand, rising social interest, media implications and the demand of animal rights groups 
suggest that animal welfare and production standards should be improved (Heise and Theuvsen, 
2016). Animal welfare refers to a process characteristic based on moral and ethical motivations 
(Henchion et al., 2014). Although it is an attribute that has a positive impact on the meat industry 
(Napolitano et al., 2010, Carlsson et al., 2007, Koistinen et al., 2013), with studies revealing an 
average WTP of between 7 and 14 per cent (Cicia and Colantuoni, 2010), there is not always a real 
WTP, even when consumers advocate for this issue (Schnettler et al., 2009, María, 2006). 
 
Market analysis shows that consumer preferences for organic and grass-fed meat have recently 
increased (Risius and Hamm, 2017, Realini et al., 2013, Payen et al., 2020), but in some cases this has 
not translated into premiums above typical grain-fed beef (White and Brady, 2014). The United 
States is a clear example of an increasing market preference, where consumers are WTP up to 10 per 
cent more (Curtis et al., 2012). Organic meat is associated with animal welfare and environmental 
matters, but is not yet fully understood and could therefore lose its significance (Zanoli et al., 2013). 
For instance, while some consumers associate organic with eco-friendly practices, organic meat 
production is less efficient and therefore has a higher environmental impact per unit of product 
(Capper and Bauman, 2013). Furthermore, its production involves higher costs due to the standards 
that must be met, making their adoption more complex (Napolitano et al., 2010). Other consumers 
erroneously group credence attributes, especially organic. 
 
Overall, labelling with credence attributes has an impact on the market, with mostly positive 
responses. Although experience suggests that the inclusion of labelling and certification programmes 
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to change human behaviour is slow (Godfray et al., 2018), retailers could make significant use of this 
opportunity  and increase market share.  
 
Extensive studies on the impact of labels with these attributes on both beef and other groceries, and 
the paucity of analysis of CE labels on meat, suggest that a CE label could have a similar impact on 
consumer perception. That suggestion is investigated in the following sections. 
 
Method 
 
A systematic literature review was used, identifying, evaluating and synthesising relevant studies 
related to the topic (Fink, 2019). Employing this method reduces the likelihood of biased conclusions 
(Booth et al., 2016), and allows other studies to reach the same outcomes if replicating the 
methodology (Fink, 2019). 
 
The databases searched included Elsevier, Wiley Online Library, Science Direct, Google Scholar, 
Springer Link, and the University of Melbourne Library search tool “Discovery”. The key words used 
to address the topic include: “carbon emissions”, “methane emissions”, “GHG emissions”, 
“willingness to pay”, “meat”, “beef industry”, “supply chain”, “value chain”, “label”, “eco-label”, 
“consumer perception”, and various combinations between them. Various bibliographical references 
cited were also accessed. 
 
Tas noted above, the willingness of consumers to pay for the carbon emissions of general groceries 
has been more extensively researched than for beef alone and sustainability labels in the beef 
industry have not been as thoroughly researched as other credence attributes. Therefore, the 
exclusion criteria for the documents which analysed the WTP for carbon emissions on beef are null. 
Consequently, several studies are analysed according to the WTP for carbon emissions labelling in 
other types of food products and their conclusions are extrapolated to beef. The same is done with 
the WTP for other credence attributes of beef to understand possible consumer preferences for 
carbon emissions labelling. 
 
Most of the research done to date is based on surveys, considering consumers’ perceptions, 
expectations and willingness to pay. The scientific studies differ in their results due to demographic 
characteristics (gender, age, education), geographic location, cultural backgrounds, consumption 
habits, and degree of environmental concern. 
 
The review process involved searching for potentially relevant information and selecting pertinent 
papers which answer the enquiry according to the quality of the data. Finally, the relevant 
information was extracted and analysed. The aim was not to reach a consistent and reliable 
conclusion, such as a specific amount that a consumer is willing to pay, but more to assessing 
whether there is a favourable trend towards it. 
 
Results 
 
An extensive search of literature related to the topic under investigation was undertaken. More than 
90 articles and reports were found, details of which are provided in Appendix Table 1.  
 
WTP for a carbon emissions label on beef 
 
The literature searched showed that the amount of specific research carried out to date regarding 
the WTP for carbon emissions labelling on beef is extremely limited, with only six documents found in 
total. Table 1 presents a summary of these documents. 
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The scarcity of documents exploring the WTP exclusively on beef products shows that this type of 
label is still in the early stages of development. The inconsistent results demonstrate the need for 
further investigation on this issue, as there is not yet a clear signal in consumer response to this 
extrinsic attribute. 
 
The most recent study investigated the WTP of Colombian consumers for beef with a reduced 
environmental emissions. Regardless of the level of understanding of this attribute, these consumers 
were willing to pay higher prices for labelled meat. If they were not familiar with the term, they 
would pay 15.5 per cent more, but once exposed to the information their WTP increased to 24.9 per 
cent (Charry et al., 2016). These observations are in line with the findings of Pérez Gutierrez and 
Vargas Pérez (2019), which indicate that Colombians’ knowledge of CE labels increases their WTP in 
several foodstuffs.  
 
A simultaneous survey in Germany and Canada analysed the response to access to information on 
water and carbon emissions on four different meals, including ground beef. Unlike other studies, 
they did not examine whether there was a premium, but instead assessed how much the price of 
beef should decrease (ie, be discounted) for consumers to opt for the higher emissions food. Indeed, 
they found a positive response to labelling in both countries. Moreover, the higher the CE and water 
usage, the lower the propensity to buy the beef (Grebitus et al., 2016, Grebitus et al., 2013). 
 
Not all studies found positive results. Seeking to study unpalatable attributes and the interaction 
between them, Li et al. (2015) assessed the willingness of United States consumers to pay for CE, but 
in absolute values for both steak and ground beef. Although they found a positive response, in 
percentage terms, they were not significant. In a later study, Li et al. (2018) noted that consumers 
perceive beef labelled as "raised carbon-friendly" as positive and potentially useful in reducing 
emissions but consider other aspects to be a priority and prefer to keep prices low. 
 
Similar results were achieved by Feucht and Zander (2017) and Koistinen et al. (2013). The latter 
authors reported that providing a label with the CE data significantly decreases the popularity of 
beef. Nevertheless, if the consumer faces this label, it does not mean they are willing to pay more 
money, but would choose to replace it with other meat of lesser impact. Similarly, Feucht and Zander 
(2017) found that consumers are interested in taking actions to mitigate climate change, but they 
consider CE labelling as just a part of the solution and highlight other priorities before this measure. 
Therefore, their WTP is relatively low. 
 
WTP for a carbon emissions label on other groceries 
 
The willingness to pay for CE labelling on different food products is an area that has been more 
extensively researched but is still far from being considered as fully developed. Since studies of 
environmental attributes are of growing relevance, the published research is concentrated in recent 
years. Despite the limited literature, those relevant to this research were evaluated, selecting 12 
works from reliable sources and results that address the WTP subject. Table 2 summarises the main 
aspects of the selected documents under this theme. 
 
Although there are variations, the results show a clear sign of a positive consumer response. 
Furthermore, studies illustrate consumers’ WTP both in relative terms, as the level of response to 
labelling, and in absolute terms, as the amount that is actually willing to be paid. A recent study by 
the Carbon Trust (2020), a United Kingdom government-backed organisation and leader in carbon 
emissions reduction and certification, found that 64 per cent of consumers in Europe support CE food 
labelling. This data is consistent with that of Eurobarometer (2009), which a decade before indicated 
that 72 per cent of buyers consider that this type of labelling should be mandatory. 
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Table 1. Summary of research: WTP for a carbon emissions label on beef 
 

Food 
 

Country Number of 
Participants 

Method 
 

Understanding 
of CE Labels 

Willingness 
response 

Year Reference 

Beef Colombia 147 Survey Lack of 
knowledge 

+15.5 per cent 2016 Charry et al. 
(2016) 

Ground beef and 
steak 

France, 
Germany, 
Italy, 
Norway, 
Spain, UK 

1994 Online survey No 
information 

Relatively low 
non-priority 

2012 Feucht and 
Zander (2017) 

Ground beef and 
steak 

United 
States 

1688 Online survey No 
information 

+USD 0.55/lb 
steak 
+USD 0.52/lb 
ground beef 

2012 Li et al. (2015) 

Ground beef Germany 1579 Online Survey Familiar with 
the term 

High 2011 Grebitus et al. 
(2016) 

Ground beef Canada 1551 Online Survey Familiar with 
the term 

High 2011 Grebitus et al. 
(2013) 

Minced beef Finland 1623 Questionnaire Not fully 
understand 

+1.9 per cent 2010 Koistinen et al. 
(2013) 
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Table 2. Summary of research: WTP for a carbon emissions label on groceries 
 
Food Country Number of 

Participants 
Method 
 

Understanding of CE Labels Willingness response Year Reference 

General food 
products 

France, UK, US, 
Germany, Italy, 
Netherlands, Spain, 
Sweden 

10540 Online survey No information 64 per cent support CE 
labels 

2020 Carbon Trust 
(2020) 

Chicken breast Belgium 359 Survey Low knowledge levels Low 2012 Van Loo et al. 
(2014) 

Orange Japan 212 Questionnaire No information Very low 2012 Aoki and Akai 
(2012) 

Fruit Japan, UK 24 Online survey Clear understanding +22 per cent in UK +23 per 
cent in Japan 

2011 Tait et al. (2015) 

Potatoes Germany 1579 Online survey Familiar with the term Strong response 2011 Grebitus et al. 
(2015) 

General food 
products 

Finland 1010 Online survey Familiar term, but 
misunderstanding 

90 per cent feel would 
change their choice 

2010-
2011 

Hartikainen et 
al. (2014) 

Fluid milk and 
bread 

Chile 774 Personal 
interviews 

Not familiar with the concept +29 per cent fluid milk +10 
per cent bread 

2010-
2011 

Echeverría et al. 
(2014) 

Milk and apple 
juice 

Germany 275 Questionnaire No information +0.20€/Lt milk +0.30€/Lt 
juice 

2010 Breustedt 
(2014) 

Meat, seasonal 
fruits and 
vegetables 

Switzerland 6189 Questionnaire Lack of knowledge Unwilling to reduce meat 2010 Tobler et al. 
(2011) 

General food 
products 

United Kingdom 428 Questionnaire 89 per cent confusion 
interpreting and 
understanding 

72 per cent would buy 
more CE labelled food 

2009 Gadema and 
Oglethorpe 
(2011) 

Chocolate-bar, 
chips, candy, 
juice 

Japan 151 Survey Low understanding Strong response 2009 Kimura et al. 
(2010) 

Apples and 
tomatoes 

United States 1052 Survey Lack of knowledge Significant proportion 2008 Onozaka and 
McFadden 
(2011) 
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Other studies also indicate a robust response, regardless of the lack of understanding of the 
attribute. In Germany, Grebitus et al. (2015) found a positive response to potato labelling, and in a 
preview of the study reported that prices should decrease by at least 1.02 euro per kg for the 
consumer to opt for the higher CE option (Grebitus et al., 2016). While they outlined a substantial 
difference with Canadian consumers on this meal, they found a similar response with yoghurt. 
 
In the United Kingdom, Panzone et al. (2011) concluded that CO2 labelling is a viable approach in 
several groceries, whereas another study revealed a 72 per cent preference rate for carbon labels 
(Gadema and Oglethorpe, 2011). Similarly, Caputo et al. (2013) found that United States consumers 
value carbon labelling of tomatoes, and a significant proportion are willing to pay more for it 
(Onozaka and McFadden, 2011). Meanwhile, in Japan, responses are not as clear-cut and vary by 
product. While consumers are willing to pay more for fruit and juice (Kimura et al., 2010; Tait et al., 
2015), this is not significant for oranges (Aoki and Akai, 2012). 
 
Although there seems to be a trend in preferences, consumers do not always feel stimulated to 
change their choices towards eco-friendly options. While in Finland labelling makes 90 per cent of 
consumers think about changing their purchasing choice (Hartikainen et al., 2014), in Switzerland the 
same result is not observed, and even less so with meat products where they are not willing to 
decrease their consumption (Tobler et al., 2011). In Belgium, the situation is similar, with a deficient 
response level when tested on chicken meat (Van Loo et al., 2014). A study in Australia also indicates 
opposite responses, where labelling of 37 products led to a decrease in sales of only 6 per cent in 
those with high carbon levels (above average), while lower choices decrease by 4 per cent (Vanclay et 
al., 2011). 
 
Contemporary social norms favour a positive reported attitude to pro-climate actions, such as carbon 
emissions labelling. The importance of exploring consumer willingness to pay for these desirable 
innovations is its role in determining how their cost will be distributed through the supply chain, 
particularly since dis-adoption of them is difficult once they are adopted.  
 
WTP for credence attribute labels for beef 
 
The study of the different attributes in beef products is a subject that has been analysed in-depth and 
on which there is very varied literature, mostly from the mid-1990s onwards. Over the years, 
extrinsic aspects have been examined in detail, mainly those relating to the taste of beef, and 
recently intrinsic aspects, which are not perceptible and are only recognisable through labels, have 
become increasingly important as well (Li et al., 2015). Given the focus of the study, documents that 
evaluate the WTP for declared intrinsic properties and that contribute quantitatively and qualitatively 
to the topic are analysed. These documents are summarised in the lower section of Appendix Table 
1. 
 
The sustainable intensification of production, and consumers’ increasing concern for animal welfare, 
make animal welfare one of the most researched attributes. Some authors conclude that consumers 
are willing to pay higher prices for beef with this ethical certification. While Lagerkvist and Hess 
(2011) determined that WTP for farm animal welfare deserves further investigation, subsequent 
studies by Clark et al. (2017) and Yang and Renwick (2019) highlight the overall positive response. 
 
In Chile, for instance, Schnettler et al. (2009) documented that householders generally value the 
information provided in labels in terms of animal welfare or production systems. Charry et al. (2019) 
concluded that Colombian beef consumers are willing to pay more for animal welfare and eco-
friendly certifications. On the other hand, Pouta et al. (2010) found that Finnish consumers showed a 
preference towards animal welfare, but it was less important compared to organic production. 
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Labelling as organic beef show that consumers attach greater value, attracted by its association with 
higher animal welfare standards and environmental issues (Zanoli et al., 2013). 
 
Although there are some differences, most studies find a consistent increase in WTP for organic beef 
compared to non-organic. A premium between 52 and 58 per cent was reported in Italy (Napolitano 
et al., 2010; Corsi and Novelli, 2002; Corsi and Novelli, 2011), and similarly in Germany (Risius and 
Hamm, 2017; Illichmann and Abdulai, 2013). In Denmark, the value is around 41 per cent (Millock 
and Hansen, 2002), in Spain it exceeds 40 per cent (García-Torres et al., 2016), and in Bangladesh it 
reaches 10 per cent (Sarma and Raha, 2016). In the United States (Campiche et al., 2004; Franken et 
al., 2011) and the United Arab Emirates (Muhammad et al., 2015) a positive response was also found 
but no specific values were reported. 
 
Other attributes show a definite positive value such as labelling with the country of origin, which 
declares where the beef has been produced (Cicia and Colantuoni, 2010). Schnettler et al. (2009) 
found that Chileans consider it the main attribute, as do the Koreans (Chung et al., 2012), who have a 
WTP almost three times higher for domestic than for imported beef (Chung et al., 2009). French and 
English households have substantial source verification WTP (Tonsor et al., 2005), and German (Lewis 
et al., 2017) and Norwegian consumers (Alfnes, 2004) prefer local beef to that from distant countries. 
Very few studies conclude that it is of little importance, such as the work of Sánchez et al. (2001) with 
Spanish consumers, or that of Insch and Jackson (2014) in New Zealand. Also, many New Zealand 
consumers were found to misinterpret the country of origin information on labels (Jackson, 2014).   
 
The United States market is the most researched, with considerable consistency in results. Beef 
consumers prefer local beef, particularly motivated by the reduction of the CE of the supply chain, 
feeling more responsible for the environment (Bernard, 2012). This is in line with the findings of Lim 
et al. (2013) and Adalja et al. (2015), where buyers have lower WTP for imported steaks and higher 
prices for local products, respectively. Moreover, if the beef is of high quality, the WTP even 
enhances (Chang et al., 2013). Another study found, however, that consumers value food safety over 
country of origin or traceability labelling (Loureiro and Umberger, 2007). Similarly, in Spain, despite 
concerns about food safety, 72.5 per cent of consumers were not willing to pay a premium for food 
labelled with a traceability certificate (Angulo and Gil, 2007). Similarly, German and English 
consumers value meat safety the most and are willing to pay for this certificate (Lewis et al., 2017). 
 
Discussion 
 
Measuring the CE of beef and providing the consumer with information about it is an ongoing issue. 
Very few documents have been published on this subject, and so it is difficult to discuss in any 
meaningful way the real WTP for this information. However, the combined analysis of CE on 
foodstuffs together with other credence attributes in beef allows access to more literature and more 
varied consumer responses. The WTP for labels in different groceries is unique, so extrapolating 
results to beef has to be done with caution to reach a reliable conclusion. 
 
What can be learned from carbon emissions labels on groceries? 
 
Although there is generally a positive attitude towards environmental preservation and socially 
responsible products, there is a gap with actual behaviour that makes it unclear whether there is a 
real WTP (Vermeir and Verbeke, 2006). High prices, eating habits, lack of trust and perceived 
effectiveness are the main barriers to its successful implementation (Röös and Tjärnemo, 2011). 
 
The vast majority of research has found a positive disposition towards CE labelling, despite the wide 
variety of results. While some show a slight response (Aoki and Akai, 2012; Van Loo et al., 2014; 
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Grunert et al., 2014), others claim greater interest (Toivonen, 2007; Blomqvist, 2009; Tully and 
Winer, 2014). Still, for a more favourable response, buyers must be educated in advance due to the 
lack of understanding of the values provided. For example, both Guenther et al. (2012) and Charry et 
al. (2016) recognise that consumers must comprehend the label to make better choices and have a 
real impact. As understanding increases, consumers give more importance to CE labelling and then 
the price is not a major concern. Where there is a lack of understanding, sustainability issues have 
less influence on their decisions (Peschel et al., 2016). In addition, researchers highlight the response 
of groups with greater social awareness and a sense of relevant personal responsibility, as they tend 
to be more attracted to this attribute (Grebitus et al., 2015). 
 
However, carbon labelling can achieve its objective despite the lack of understanding, as Sharp and 
Wheeler (2013) point out. Although the information provided by the label may be unfamiliar to 
consumers, it is still valid for comparing products and therefore for choosing those with less carbon 
impact.  
 
This becomes essential in the case of closely substituted products, such as in the meat sector. Just as 
Lanz et al. (2014) found substitution of beef for chicken, where labels are more effective for "cleaner" 
products, Koistinen et al. (2013) showed increased demand for pork at the expense of beef. Gallet 
(2010) reveals the influence of meat price elasticity, with beef being relatively elastic and therefore 
easily substitutable. Li et al. (2016), point out not only that consumers prefer to buy a less carbon-
intensive substitute, but that they would rarely pay premium prices for meat. Another study shows 
that, despite limited knowledge about the impact of livestock, there is a willingness to change 
consumption habits towards more sustainable alternatives. However, this trend is not very evident 
when it comes to willingness to pay a higher price for these alternatives (Vanhonacker et al., 2013). 
The same has been demonstrated in milk, where again there is a preference for substitution rather 
than paying higher prices for milk with lower emissions (Chalmers et al., 2014). 
 
An analysis of the existing literature then indicates that consumers attach importance to CE labelling, 
but instead of having to pay more to present this label, they prefer to replace their choice.  
 
What can be learned from other credence attributes labels on beef? 
 
The deductions for labelling with other extrinsic attributes on beef are clearer than for labelling with 
CE. There is not only a high interest in these labels but also considerable premiums if the product is 
labelled with it. However, as the results obtained from the literature review show, the responses are 
variable as well as the order of importance that consumers give to each attribute. It also highlights a 
longer historical trajectory in the market, as well as a better understanding of consumers in favour of 
the attributes, which largely explains their better performance compared to CE. 
 
For example, White and Brady (2014) found that the WTP for organic, local, and grass-fed beef is 
double what they would pay for a label mentioning a reduction in GHGs (29 per cent vs 14.8 per 
cent). Another clear example is the work of Cicia and Colantuoni (2010), who concluded that 
consumers are willing to pay premiums for traceable attributes, such as animal welfare and country 
of origin. Although the research did not specifically include CE, they suggest that providing this new 
information could be successful, for both the consumer and the industry. Numerous research 
projects have come up with similar results; some emphasising the importance of food security, while 
others emphasising healthiness or organic production (Koistinen et al., 2013). 
 
Most studies focus on developed countries given their clear impact on the beef market and the 
growing consumer demand for information. However, developing countries suggest that they are the 
new drivers of the market. In these countries, the consumption of animal products, including red 
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meat, is projected to double by 2050 (Smith et al., 2018). Economic progress and rising per capita 
income, and population growth and urbanisation, are leading to a shift in consumer preferences in 
favour of healthier products and increasing WTP for certified products (Muhammad et al., 2015). 
 
Generally, greater consumer understanding leads to increased interest and WTP. Both those with a 
positive attitude towards labelled beef and those with an indifferent attitude are more likely to buy 
labelled beef once they understand the implications of this strategy (Campiche et al., 2004). It has 
been recommended that the combination of logos with credence attributes and environmental 
issues has a more positive effect than both separately or the absence of them (Hoek et al., 2017). 
 
Is a carbon emissions label a solution? 
 
Several authors specify the difficulty of understanding existing CO2 labels (Guenther et al., 2012; 
Gadema and Oglethorpe, 2011; Schaefer and Blanke, 2014), as well as the complications and 
implications for an accurate calculation of the CE (Boardman, 2008, Baldo et al., 2009, Onozaka et al., 
2016). This lack of knowledge is a limitation for the success of this label and thus for an adjustment of 
dietary habits towards climate-friendly food (Beattie and Sale, 2016; Upham et al., 2011; Hartikainen 
et al., 2014). Moreover, for many, the impact that changes in dietary habits could have on alleviating 
climatic conditions is not yet connected (Lorenzoni and Pidgeon, 2006). 
 
Carbon labelling could be a strategy where the consumer has the opportunity to choose their most 
attractive option, but without paying more for it. Unfortunately, a rise in food prices may cause 
global hunger to become even more severe. Therefore, providing CE information in order to reduce 
activities with high environmental impact is likely to generate ethically unacceptable costs for the 
weakest sectors of society (Breustedt, 2014). If the carbon labelling does not mean a carbon tax or a 
carbon credit, neither the poor nor the rich are affected. Moreover, imposing a tax according to their 
CE implies a lower purchasing power and cheapest products are preferred. Furthermore, cheaper 
products mean a larger emissions (Kehlbacher et al., 2016). 
 
Still, the experience demonstrates that the gap between voluntary and mandatory CE labelling is 
significant, and for this type of attribute, a label is necessary for substantial change to occur (Kim et 
al., 2016).  
 
What about the role of the beef farmer? 
 
Beef producers would also play a leading role, as they are the ones who have the primary role in 
adopting new strategies to mitigate methane emissions and improve the environment. Some authors 
maintain this has been successful. In Australia, Brazil, the United States, Canada and the European 
Union, Desjardins et al. (2012) observed a substantial reduction in this metric, mainly due to 
improved management systems, genetics, and diets. In developing areas with large livestock stocks, 
such as Africa, China or India, there are no concrete estimates. However, it is suggested that they 
have a larger CE due to their low productivity. 
 
There is currently much misinformation, so Tan et al. (2014) suggest that CE calculations must be 
standardised to avoid giving misleading information to policymakers, retailers and consumers. 
Scientific studies should provide objective methodologies to develop accurate indicators that can 
predict intrinsic and extrinsic beef quality traits at low cost and with confidence (Hocquette et al., 
2012). 
 
A clear example concerns the fattening of animals on grass or grain. Grain supplementation allows 
faster animal fattening, so time savings reduce gas emissions. Therefore, exclusive grazing fattening 
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could be more harmful to the environment. Capper (2012) in the United States estimated losses of 
confined livestock at 40 per cent less than those that were grass-finished. Meanwhile, Pelletier et al. 
(2010) estimated they were 23 per cent lower. It happens that the CE of the product must include the 
whole life cycle because if cereal production, transport and processing are included, total carbon 
dioxide emissions could exceed grazing systems (Phetteplace et al., 2001). 
 
Given the economic implications of reducing the CE at the farm level, researchers should integrate 
into their analysis the feasibility of farmers adopting different strategies, trying to answer whether 
the additional income will cover the costs incurred (White and Brady, 2014). It becomes critical to 
know the true WTP of consumers, because if there is a positive response, then the premiums 
achieved could offset farmers’ costs of innovative measures to mitigate their CE (Payen et al., 2020). 
 
One issue which is important at the farm level is that any such CE metric has to be calculated from a 
whole-of-system perspective, and not just as one output of many. Beef farmers manage their 
business as a system and the costs of new investments to mitigate emissions are assessed across the 
whole system, including the possibility and cost of purchasing offsets elsewhere.  
 
Conclusions 
 
Consumers are currently the main drivers of sustainability marketing strategies. They are aware of 
the damage that humans have caused to the environment and are therefore willing to take actions to 
cope with climate change. They demand more information along the supply chain about where their 
food comes from and the background associated with it. In response to their demands, different 
instruments have been advancing over the last couple of years, stimulating shift towards eco-friendly 
groceries. The attributes of beef have traditionally been related to taste characteristics, and lately, 
non-sensory features have evolved, which are not observable unless a label conveys them. Carbon 
emissions labelling emerges as a possible solution and simultaneously presents an opportunity for 
the industry. Differentiating foodstuffs with carbon labels could discourage meat consumption in 
favour of other substitutes. 
 
The scarcity of documents exploring the WTP exclusively on beef products shows that this type of 
label is still in the early stages of development. Existing research seems much less than global public 
attention would suggest. The CE has been studied in more detail in other foodstuffs, and has been 
less analysed compared to other credence attributes. Combining both allows learning about 
consumers’ response when faced with a label and to extrapolate the results to the topic under 
investigation. The analysis suggests that although consumers value the information on beef CE, they 
are not willing to pay premium prices for it. Thus, it is not economically worthwhile to adopt this 
strategy by quantifying and providing CE data in the meat industry. However, it merits further 
investigation to provide a reliable conclusion as there is not yet a clear signal in consumer response 
to this attribute. 
 
One broader issue is that a CE attribute is but one of many. As referenced frequently throughout the 
paper, there are a wide variety of responses to CE and other single attributes – some consumers 
indicate a strong preference for products with this attribute, but others don’t care; some consumers 
are willing to pay more for the label, but most are not; some consumers would purchase less if there 
was no label, but others would purchase the same amounts. Thus consumers are not homogeneous, 
and many of their food and other choices are not continuous – its “yes” or “no” to that attribute, 
even though those choices may also be influenced by overall price relativities, usage contexts and 
household characteristics. This is why there are no clear inferences from the existing literature. 
Future research must be conducted in the context of this consumer heterogeneity. 
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Appendix 

Appendix Table 1.  Synthesis of published articles used for the systematic literature review 

 

Author Year Country Food Method 
 

Number of 
participants 

Study Type Research area Willingness 
response 

Charry et al. 
(2016) 

2016 Colombia Beef Survey 147 Quantitative WTP for CE on 
beef 

+15.5% 

Feucht and 
Zander 
(2017) 

2012 France, Germany, 
Italy, Norway, Spain, 
United Kingdom 

Ground beef 
and steak 

Online survey 1994 Qualitative WTP for CE on 
beef 

Relatively low non-
priority 

Li et al. 
(2015) 

2012 United States Ground beef 
and steak 

Online survey 1688 Quantitative WTP for CE on 
beef 

+USD 0.55/lb steak 
+USD 0.52/lb 
ground beef 

Grebitus et 
al. (2016) 

2011 Germany Ground beef Online survey 1579 Qualitative WTP for CE on 
beef 

High 

Grebitus et 
al. (2013) 

2011 Canada Ground beef Online survey 1551 Qualitative WTP for CE on 
beef 

High 

Lanz et al. 
(2014) 

2010 United Kingdom Beef and 
chicken meat 

Consumer 
choice 
experiment 

506 Quantitative WTP for CE on 
beef 

High substitution of 
beef 

Koistinen et 
al. (2013) 

2010 Finland Minced beef Questionnaire 1623 Quantitative WTP for CE on 
beef 

+1.9% 

De Boer et al. 
(2013) 

2010 Netherlands Meat Survey 1083 Qualitative WTP for CE on 
beef 

Reduce meat 
consumption 

         
Carbon Trust 
(2020) 

2020 France, United States, 
Germany, Italy, 
Netherlands, Spain, 
Sweden 

General food 
products 

Online survey 10540 Qualitative WTP for CE on 
groceries 

64% support CE 
labels 

Lazzarini et 
al. (2018) 

No 
info 

Switzerland Protein-rich 
foods, 

Survey 1055 Qualitative WTP for CE on 
groceries 

No response 
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vegetables, 
fruits 

Zhao et al. 
(2018) 

No 
info 

China General food 
products 

Survey 1132 Qualitative WTP for CE on 
groceries 

High interest, low 
WTP 

Canavari and 
Coderoni 
(2020) 

2016-
2017 

Italy Dairy 
products 

Survey 393 Qualitative WTP for CE on 
groceries 

Positive on concern 
consumers 

Pérez 
Gutierrez and 
Vargas Pérez 
(2019) 

2016 Colombia General food 
products 

Online survey 223 Qualitative WTP for CE on 
groceries 

CE label affects 
consumer’s choice 

Hoek et al. 
(2017) 

2014 Australia Rice, meat, 
tomatoes 

Online survey 944 Qualitative WTP for CE on 
groceries 

High response 

Shuai et al. 
(2014) 

No 
info 

China Milk, eggs, 
bananas, 
noodles  

Survey 873 Qualitative WTP for CE on 
groceries 

Heterogeneous 
response 

Kim et al. 
(2016) 

2012 South Korea Apples Survey 186 Qualitative WTP for CE on 
groceries 

High response 

Van Loo et al. 
(2014) 

2012 Belgium Chicken 
breast 

Survey 359 Qualitative WTP for CE on 
groceries 

Low 

Grunert et al. 
(2014) 

2012 France, Germany, 
Spain Sweden, 
Poland, United 
Kingdom 

General food 
products 

Online survey 4408 Qualitative WTP for CE and 
credence 
attributes on beef 

Slight response 

Aoki and Akai 
(2012) 

2012 Japan Orange Questionnaire 212 Qualitative WTP for CE on 
groceries 

Very low 

Tait et al. 
(2015) 

2011 Japan, United 
Kingdom 

Fruit Online survey 24 Quantitative WTP for CE on 
groceries 

+22% in UK +23% in 
Japan 

Grebitus et 
al. (2015) 

2011 Germany Potatoes Online survey 1579 Qualitative WTP for CE on 
groceries 

Strong response 

Sharp and 
Wheeler 
(2013) 

2011 Australia General food 
products 

Online survey 455 Qualitative WTP for CE on 
groceries 

Valid to compare 
products 

Peschel et al. 2010 Germany General food Online survey 1551 Qualitative WTP for CE on 20% consumers 
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(2016) 2011 Canada products 1579 groceries desire CE label 
Hartikainen 
et al. (2014) 

2010-
2011 

Finland General food 
products 

Online survey 1010 Qualitative WTP for CE on 
groceries 

90% feel would 
change their choice 

Echeverría et 
al. (2014) 

2010-
2011 

Chile Fluid milk and 
bread 

Personal 
interviews 

774 Quantitative WTP for CE on 
groceries 

+29% fluid milk 
+10% bread 

Breustedt 
(2014) 

2010 Germany Milk and 
apple juice 

Questionnaire 275 Quantitative WTP for CE on 
groceries 

+0.20€/Lt milk 
+0.30€/Lt juice 

Guenther et 
al. (2012) 

2010 Japan, United 
Kingdom 

General food 
products 

Online survey 880 Qualitative WTP for CE on 
groceries 

Consumers desire 
labels 

Panzone et al. 
(2011) 

2010 United Kingdom Cola, milk, 
chicken/beef, 
butter/marga
rine 

Online 
shopping 
experiment 

No 
information 

Qualitative WTP for CE on 
groceries 

Positive response 

Tobler et al. 
(2011) 

2010 Switzerland Meat, 
seasonal 
fruits and 
vegetables 

Questionnaire 6189 Qualitative WTP for CE on 
groceries 

Unwilling to reduce 
meat 

Caputo et al. 
(2013) 

2009 United States Tomato Survey 200 Qualitative WTP for CE on 
groceries 

Positive response 

Gadema and 
Oglethorpe 
(2011) 

2009 United Kingdom General food 
products 

Questionnaire 428 Qualitative WTP for CE on 
groceries 

72% would buy 
more CE labelled 
food 

Kimura et al. 
(2010) 

2009 Japan Chocolate-
bar, chips, 
candy, juice 

Survey 151 Qualitative WTP for CE on 
groceries 

Strong response 

Blomqvist 
(2009) 

2009 Sweden Salad, Milk, 
Beef 

Survey 310 Qualitative WTP for CE on 
groceries 

Strong response 

Onozaka and 
McFadden 
(2011) 

2008 United States Apples and 
tomatoes 

Survey 1052 Qualitative WTP for CE on 
groceries 

Significant 
proportion 

Vanclay et al. 
(2011) 

2008 Australia Milk, butter, 
canned 
tomatoes, 
bottled 

Labelled items 
sold 

2890 items Quantitative WTP for CE on 
groceries 

Sales reduced 6% 
with black label, 4% 
with green label 
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water, pet 
food 

Whitmarsh et 
al. (2011) 

2008 United Kingdom General food Survey 551 Qualitative WTP for CE on 
groceries 

Reluctant to change 
diet 

Chalmers et 
al. (2014) 

2006-
2011 

Scotland Milk Information 
from Kantar 
Worldpanel 

No 
information 

Quantitative WTP for CE on 
groceries 

Positive response. 
Substitute for soya 
milk 

         
Yang and 
Renwick 
(2019) 

 Various countries Livestock 
products 

Meta-analysis 94 studies Qualitative WTP for credence 
attributes on beef 

Positive and 
increasing trend 
response to animal 
welfare 

Clark et al. 
(2017) 

 Various countries Meat Meta-analysis 54 studies Qualitative WTP for credence 
attributes on beef 

Small positive to 
animal welfare 

Nuttavuthisit 
and 
Thøgersen 
(2017) 

No 
info 

Thailand Rice, 
vegetables, 
fruits, juice, 
eggs 

Interview 177 Qualitative WTP for credence 
attributes on food 

No likely to buy 
organic food 

Charry et al. 
(2019) 

2016 Colombia Beef Survey 168 Quantitative WTP for credence 
attributes on beef 

+40.2% for animal 
welfare 

Meyerding et 
al. (2018) 

2016 Germany Beef steaks Sensory test 55 Quantitative WTP for credence 
attributes on beef 

High response to 
quality labels 

Heise and 
Theuvsen 
(2016) 

2015 Germany Meat Survey 516 Qualitative WTP for credence 
attributes on beef 

Positive response to 
animal welfare 

Sarma and 
Raha (2016) 

2015 Bangladesh Beef Survey 180 Quantitative WTP for credence 
attributes on beef 

Up to +10% for 
organic beef 

Adalja et al. 
(2015) 

No 
info 

United States Beef Survey No 
information 

Quantitative WTP for credence 
attributes on beef 

+$2.39 to $2.71 per 
pound for local 

Muhammad 
et al. (2015) 

No 
info 

United Arab Emirates General food 
products 

Survey 300 Qualitative WTP for credence 
attributes on food 

Positive response to 
organic food 

García-Torres 
et al. (2016) 

2014 Spain Beef Sensory test, 
conjoint 
analysis 

150 Quantitative WTP for credence 
attributes on beef 

+40% for organic 
beef 
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Tully and 
Winer (2014) 

 Various countries General food 
products 

Meta-analysis 80 studies Qualitative WTP for credence 
attributes on beef 

+16.8% for socially 
responsible 
practices 

White and 
Brady (2014) 

 Various countries Meat Meta-analysis 46 studies Qualitative WTP for credence 
attributes on beef 

+29% organic, local, 
grass-fed 
+14.8% reducing 
GHGs label 

Risius and 
Hamm (2017) 

2013 Germany Beef Survey 676 Qualitative WTP for credence 
attributes on beef 

High WTP for 
husbandry 
conditions and 
organic 

Lewis et al. 
(2017) 

2013 Germany 
England 

Beef Survey 503 
402 

Qualitative WTP for credence 
attributes on beef 

High response to 
local beef and food 
safety 

Li et al. 
(2016) 

2013 United States Beef Online survey 806 Quantitative WTP for credence 
attributes on beef 

$64 to $306 for 
prescribed grazing 

Li et al. 
(2018) 

2012 United States Ground beef 
and steak 

Survey 1688 Qualitative WTP for credence 
attributes on beef 

Positive response 
for extrinsic 
attributes 

Saunders et 
al. (2013) 

2012 United Kingdom, 
China, India 

Dairy, lamb 1st Survey 
2nd Survey 

300 
2067 

Qualitative WTP for credence 
attributes on beef 

Attributes positively 
value 

Bernard 
(2012) 

2012 United States Beef Online survey 417 Qualitative WTP for credence 
attributes on beef 

Positive response to 
local  

Vanhonacker 
et al. (2013) 

2011 Belgium Meat Survey 221 Qualitative WTP for credence 
attributes on beef 

Low response to 
sustainable 
alternatives 

Lagerkvist 
and Hess 
(2011) 

 Various countries Beef Meta-analysis 24 studies Qualitative WTP for credence 
attributes on beef 

Heterogeneous 
response 

Morales et al. 
(2020) 

2010 Australia Beef Online survey 1084 Qualitative WTP for credence 
attributes on food 

Positive response to 
animal welfare, 
safety, health, and 
environmental-
friendly 
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Lim et al. 
(2013) 

2010 United States Beef steaks Online survey 1079 Qualitative WTP for credence 
attributes on beef 

Not WTP for 
imported steaks 

Illichmann 
and Abdulai 
(2013) 

2010 Germany Apples, milk, 
beef 

Survey 1182 Qualitative WTP for credence 
attributes on beef 

Heterogeneous 
response, but 
positive  

Chang et al. 
(2013) 

2010 United States Ground beef Survey 103 Quantitative WTP for credence 
attributes on beef 

+$0.48/lb for local 
beef 

Janssen and 
Hamm (2012) 

2010 Czech Republic, 
Denmark, Germany, 
Italy, Switzerland, 
United Kingdom 

Apples, eggs Survey 2441 Quantitative WTP for credence 
attributes on food 

Variable according 
to the organic logo 

Franken et al. 
(2011) 

2010 United States Beef Online Survey 406 Quantitative WTP for credence 
attributes on beef 

Positive response to 
several attributes 

Napolitano et 
al. (2010) 

No 
info 

Italy Beef Interview 190 Qualitative WTP for credence 
attributes on food 

High response for 
organic beef 

Cicia and 
Colantuoni 
(2010) 

 Various countries Meat Meta-analysis 23 studies Quantitative WTP for credence 
attributes on beef 

+12% to 16% food 
safety, +7% to 14% 
animal welfare 

Insch and 
Jackson 
(2014) 

2009 New Zealand General food 
products 

Survey 402 Qualitative WTP for credence 
attributes on food 

Little relevance 

Zanoli et al. 
(2013) 

2008 Italy Beef steaks Survey 145 Qualitative WTP for credence 
attributes on beef 

High response to 
organic beef and 
animal welfare 

van Dam and 
van Trijp 
(2011) 

2008 Netherlands General food 
products 

Survey 1543 Qualitative WTP for credence 
attributes on beef 

Importance of 
certified sustainable 

Van Rijswijk 
et al. (2008) 

No 
info 

Germany, France, 
Italy, Spain 

General food 
products 

Questionnaire 163 Qualitative WTP for credence 
attributes on beef 

High value to 
traceability 

Pouta et al. 
(2010) 

2007 Finland Broiler meat Online survey 37 Qualitative WTP for credence 
attributes on food 

Preference for 
animal welfare 

Chung et al. 
(2009) 

2007 Korea Beef Survey 1000 Quantitative WTP for credence 
attributes on beef 

+0.14$/lb for local 
beef 

Schnettler et 2006- Chile Meat Survey 770 Qualitative WTP for credence Attributes positively 
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al. (2009) 2007 attributes on beef value 
Realini et al. 
(2013) 

2006 Spain, France, United 
Kingdom 

Beef Sensory test 292 Qualitative WTP for credence 
attributes on beef 

Strong importance 
to country of origin 

Ehmke (2006)  Various countries General food 
products 

Meta-analysis 13 studies Qualitative WTP for credence 
attributes on beef 

Country of origin 
value depends on 
other attributes 

Vermeir and 
Verbeke 
(2006) 

No 
info 

Belgium Dairy 
products 

Survey 456 Qualitative WTP for credence 
attributes on food 

Positive attitude for 
sustainable food, 
low buying 
intentions 

Carlsson et al. 
(2007) 

2004 Switzerland Ground beef, 
chicken fillets 

Questionnaire 1600 Qualitative WTP for credence 
attributes on beef 

Positive to animal 
welfare in cattle, 
negative in chicken 

Angulo and 
Gil (2007) 

2003 Spain Beef Survey 650 Qualitative WTP for credence 
attributes on beef 

Negative for 
traceability 
Positive for safety 

Loureiro and 
Umberger 
(2007) 

2003 United States Beef steaks Survey 632 Quantitative WTP for credence 
attributes on beef 

More value to food 
safety than other 
attributes 

María (2006) 2003 Spain Animal 
products 

Questionnaire 3978 Qualitative WTP for credence 
attributes on beef 

High proportion is 
WTP for animal 
welfare 

Roosen et al. 
(2003) 

No 
info 

France, Germany, 
United Kingdom 

Beef, poultry, 
pork, Lamb, 
fish 

Survey 224 Qualitative WTP for credence 
attributes on beef 

High value of 
country of origin 

Tonsor et al. 
(2005) 

2002 Germany, France, 
United Kingdom 

Beef steak Choice 
experiment 

248 Qualitative WTP for credence 
attributes on beef 

High response to 
source of 
verification 

Enneking 
(2004) 

2002 Germany Liver 
sausages 

Survey 321 Quantitative WTP for credence 
attributes on beef 

+$0.11 to $0.34 for 
quality and safety 

Gimplinger et 
al. (2002) 

2002 Austria General food 
products 

Survey 442 Qualitative WTP for credence 
attributes on beef 

Value several 
attributes 

Corsi and 
Novelli (2011) 

2001 
2003 

Italy Beef Survey 726 Qualitative WTP for credence 
attributes on beef 

Lower response 
than 2001 for 
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organic beef 
Corsi and 
Novelli (2002) 

2001 Italy Beef Survey 402 Quantitative WTP for credence 
attributes on beef 

+52% to 58% for 
organic beef 

Millock and 
Hansen 
(2002) 

2001 Denmark Milk, 
potatoes, 
ryebread, 
minced beef 

Questionnaire 400 Quantitative WTP for credence 
attributes on food 

+41% for organic 
beef 

Campiche et 
al. (2004) 

2000-
2001 

United States Natural beef Survey No 
information 

Qualitative WTP for credence 
attributes on beef 

Likely to buy 

Verbeke and 
Ward (2006) 

2000 Belgium Beef Survey 278 Qualitative WTP for credence 
attributes on beef 

Little interest 
traceability. 
Moderate to 
country of origin 

Alfnes (2004) 2000 Norway Beef Survey 1066 Qualitative WTP for credence 
attributes on beef 

Preferred local 

Kola and 
Latvala 
(2002) 

2000 Finland Beef Survey 1640 Qualitative WTP for credence 
attributes on beef 

59% of consumers 
are WTP on beef 
safety 

Sánchez et al. 
(2001) 

1999 Spain Lamb, veal Survey 482 Qualitative WTP for credence 
attributes on beef 

Low response for 
country of origin 

Curtis et al. 
(2012) 

1998 United States Beef Survey 1400 Quantitative WTP for credence 
attributes on beef 

+10% for natural 
beef 
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	Globally, livestock is known as the primary source of the human-induced methane (CH4) contribution to the atmosphere (Watson et al., 1992), within which beef explains 41 per cent of the sector’s emissions (FAO, 2013). By 2050, it is expected that global beef consumption will double (FAO, 2009; Roberts, 2009), so reducing cattle numbers is not a viable option. Consequently, the industry faces a challenging situation. While it is forced to increase its production to meet consumer demand, it is being required 
	 
	Since a reduction in beef cattle numbers is out of the question, diminishing methane emissions from cattle has acquired a crucial role in long-term ecological benefit (Beauchemin et al., 2007). Several strategies have been researched during the last decades, with progress in three broad categories: improving cattle management practices to increase efficiency and productivity, nutritional and microfloral manipulation to decrease gas production, and changing human diet to lower meat consumption. 
	 
	Consumers’ concern about climate change and sustainability (Boehlje et al., 2011), leads to an interest in the characteristics of differentiated food products (Deliza et al., 2003). Thus, consumers tend to request more information about where their food comes from and its production environment (Costa and Jongen, 2006). 
	 
	Carbon labelling has been emerging as an opportunity. A carbon emissions label provides consumers with information on the environmental impact of a product in terms of carbon equivalent along the entire value chain, expressed in kilograms or tonnes of carbon dioxide (CO2) per unit of output (Shewmake et al., 2015; Canavari and Coderoni, 2020; Gerber et al., 2013). It specifies the total amount of CO2 and CH4 emissions considering all sources, sinks and storage within the spatial and temporal boundary of the
	 
	Today, measuring CE at the farm level is gaining new supporters. Two specific examples are Lawson Angus (Lawson Angus, 2022), in Australia, and Low Carbon Ranch (Low Carbon Beef, 2020), in the United States, both of whom measure the feed intake and methane output of their cattle, and market their meat under their own brands. More broadly, there is increasing interest and engagement in carbon farming, as evidenced by a beef producer selling carbon credits to Microsoft (Goodwin, 2021). 
	 
	The differentiation of foodstuffs with carbon labels could motivate buyers to purchase eco-friendly options (Nishino et al., 2014). In particular, for beef products, it could mean that their consumption is discouraged in favour of other substitutes. Although consumers are willing to choose more sustainable products, some researchers find that eco-labelling is still not enough to change their purchase decision-making outcomes (Lazzarini et al., 2018). 
	 
	This highlights the importance of understanding consumer attitudes towards greener choices and their actual willingness to pay premium prices for them. Willingness to pay (WTP) is a measure for indicating the maximum monetary contribution an individual is willing to make in order to balance for a rise in his utility (Koistinen et al., 2013). Some findings suggest that providing information on food groceries to consumers about carbon emissions enhances their WTP (Kimura et al., 2010; Caputo et al., 2013), wh
	 
	In the beef industry, the WTP measures the value added to meat cuts (e.g. steaks) and to products (e.g. ground beef) through differentiating attributes. In food in general, some studies claim a superior WTP (Grebitus et al., 2013; Charry et al., 2016) while others suggest the inverse (Li et al., 2016). This underlines a gap to be investigated, as the cost of providing new information and a consumer’s actual willingness to pay for that information is still unclear. Some people claim to support ecological ide
	 
	The aim of this study is to review the existing literature exploring consumers’ WTP for information on the carbon emissions of the meat they want to buy. A positive consumers’ WTP would suggest that highly effective management practices might become potentially viable to farmers despite adding to costs. The adoption of carbon emissions labelling could increase supply chain profitability, highlighting the relevance to a business or industry. Uncertainties about the reliability of such estimates are considere
	 
	Initial Literature Review 
	 
	Due to increased awareness of climate change, in agriculture “business as usual” is no longer a viable option (Stringer et al., 2020). good agricultural practices (GAP) along with providing information on the sustainability credentials of food products. 
	 
	Consumers are currently the main drivers of sustainability marketing strategies (Belz and Schmidt-Riediger, 2010) rather than a supply chain focus (Moisander, 2007). Every day, more purchasers shift to eco-friendly choices thus forming an increasing segment inside the food business. Their increasing affluence defines future trends for the agribusiness sector. Along with public attention, new opportunities and threats will emerge. Livestock systems will have to take into account the ethics of food production
	 
	Sustainability claims 
	 
	Nowadays, the first sustainability claim that stands out refers to the mitigation of methane emissions, since beef production is under intense public scrutiny. Society perceives beef production to have an unacceptable environmental cost due to its contribution to global warming (Capper, 2013), even though their perception is worse than the real values prove to be (Rotz and Rotz, 2020). While the IPCC estimated global GHG emission at 49 Gigatons of CO2 equivalent (Edenhofer et al., 2014), livestock accounts 
	 
	However, the controversy arises because greenhouse gas emissions per kilogram of beef are higher than any other animal or vegetable protein (Ripple et al., 2014). Furthermore, meat consumption is projected to increase, enhancing stakeholders’ concern. This frames a scenario towards sustainable practices, integrating into the analysis the environmental, social and economic dimensions along the value chain (Herrero et al., 2015). Nowadays, practices are entirely different from decades ago, with more responsib
	 
	Some practices intend to assess manure handling and improve the efficiency rate, producing the same or more beef in reduced time and with fewer resources (Stackhouse et al., 2012). The impact of these practices varies according to region, climate, pasture, animal genetics and management activities, and their interaction makes it complex to extrapolate the success of GAP results between different scenarios (Ruviaro et al., 2015). The increasing interest led to the creation of roundtables, where multi-stakeho
	 
	The second sustainability claim refers to meat credence attributes (such as animal welfare, traceability, country of origin, organic production and food safety) acquiring increased importance in both developed countries (Schnettler et al., 2009) and developing countries (Echeverría et al., 2014). both developed countries (Schnettler et al., 2009) and developing countries (Echeverría et al., 2014). both developed countries (Schnettler et al., 2009) and developing countries (Echeverría et al., 2014). both dev
	 
	Ecolabelling remains a major challenge since consumers usually do not have explicit knowledge of the definition of some attributes and how to distinguish them from traditional practices. A better understanding of the environmental impact of beef production and adequate knowledge of the information provided on labels could be useful in making informed choices towards greener options. While production would become more sustainable, market segmentation could lead to potential additional revenues for other indu
	 
	The integration of environmental labelling has been increasing in popularity among companies, positioning a product’s image as differentiated (D'Souza, 2004). According to Sinclair (1996), industries also argue that certifying their ecolabels provides them with other positive benefits such as increased credibility and better communication. The food value chain faces an innovative sustainability concept known as green marketing, providing customers with trustworthy environmental credentials (Peattie and Char
	 
	On the other hand, several researchers found that adding more novel labels could generate confusion and be counterproductive (Risius and Hamm, 2017). Confusion can arise because consumers perceive different attributes to be similar, given the increased exposure to sustainability labels (van Dam and van Trijp, 2011). As consumers confront foods that have become packages of credence certifications, the specialisation of the products and the saturation in information is such that it is extremely complex for th
	 
	Beef methane mitigation 
	 
	Methane is produced in ruminants due to enteric fermentation of carbohydrates, mainly from grass fodder (Verge et al., 2007). Its emissions depend on animal characteristics, feed quality and environmental parameters. Identified as a substantial source of greenhouse gas, methane mitigation options need to address these drivers, reducing emissions or removing GHGs (Cerri et al., 2010). Researchers have focused on three main areas of investigation, but their adoption depends on their cost-effectiveness. 
	 
	As a first measure, low-cost and high-impact strategies are priorities. Increasing pasture quality and feed digestibility (DeRamus et al., 2003; Subak, 1999), changing herd management and grazing systems (Berndt and Tomkins, 2013; DeRamus et al., 2003), or enhancing breeding performance (Hegarty and McEwan, 2010; Rolfe, 2010), show considerable progress in mitigating methane emissions by improving animal and herd efficiency (FAO, 2013).  
	 
	Better grazing management spreads soil coverage, fosters biodiversity, improves soil structure and increases carbon sequestration (Lapetina, 2010). Similarly, selecting livestock according to higher food conversion rates (dry matter intake/kg produced), diminishes methane production (Martin et al., 2010; Wall et al., 2010). Shifting from low to high digestible pastures reduces fibre and increases soluble carbohydrates, which physiologically reduces the methane produced in the fermentation process (Ulyatt et
	 
	A more advanced strategy involves nutritional and microfloral manipulation. Supplementary feeding with red seaweed (Kinley et al., 2020), adding lipid sources such as sunflower or canola oil (Beauchemin et al., 2007; McGinn et al., 2004; Beauchemin and McGinn, 2006), or even vaccination against rumen methanogens (Buddle et al., 2011), are among the dozens of the alternatives tested that exhibit potential mitigation effects. 
	 
	For instance, the addition of lipid supplement reduced emissions by 3.5 per cent (Moate et al., 2011) and 5.6 per cent (Beauchemin et al., 2008) for each 1 per cent added. However, fat components depress dry matter consumption (Beauchemin and McGinn, 2005) and so methane losses increase (Johnson and Johnson, 1995). Other authors perceive red seaweed to be a game-changer, with enormous reductions in methane emissions. While Roque et al. (2020) reported a reduction of 80 per cent with 0.5 per cent added, Kinl
	 
	Finally, as a more drastic and transformative measure, a change in the human diet is being promoted. Modifying patterns of consumption towards substitutes with lower CE have increased as a priority issue since various other actions would not be enough (Garnett, 2011). Shifting to reduced-meat diets could have a social, environmental and economic positive effect. The most advanced studies have focused on replacing meat with plant-based foods such as pulses (Aleksandrowicz et al., 2016), alternative animal pr
	 
	Both Feucht and Zander (2017) in several European countries, Whitmarsh et al. (2011) in the United Kingdom, and Tobler et al. (2011) in Switzerland, concluded that consumers are reluctant to change their diets towards less meat. Their reaction is mostly explained by their lack of recognition about the contribution of the livestock system to climate change, either through ignorance of its impact or by perceiving a change in diet as yielding a trivial reduction. De Boer et al. (2013) point to the opposite res
	 
	The measurement of livestock emissions relies on predictive models, requiring specialised and expensive equipment (Moraes et al., 2014), such as infrared spectroscopy, mass spectroscopy, or gas chromatography (Johnson and Johnson, 1995). Reliable data should not consider the animal in isolation but should include the overall system balance. While livestock release GHGs, their excreta promote carbon fixation and plant growth, which subsequently sequesters more carbon and counteracts the adverse effect (Godfr
	 
	Coping successfully with climate change and methane emissions requires the adroit combination of these management practices, together with innovative ideas that have emerged such as carbon emissions quantification and labelling. 
	 
	Carbon emissions labels 
	 
	Measuring CE has become popular among industries during the last decade (Röös et al., 2014). A beef CE label provides consumers with information on the total emissions of GHGs per unit of product (Röös et al., 2013). For instance, beef provides the highest emission rate among 40 major foods, with 60 Kg of CO2e/Kg of meat (Poore and Nemecek, 2018). Nonetheless, its influence is mainly in the farm stages, with only a 3.3 per cent contribution in the later stages of the value chain (Poore and Nemecek, 2018). 
	 
	Research suggests that labelling tends to shift consumers’ behaviour and preferences (Blomqvist, 2009), even though this may merely be due to an altered perception (Meyerding et al., 2018). Although there is a general agreement among researchers that providing CE information aids making “greener” decisions, this does not imply that consumers are willing to pay sufficiently more for a product to make provision of the information economically rational. 
	 
	The vast majority of studies have been based on surveys, and consumer response varies according to socio-demographic characteristics, and attitudes and perceptions towards the environment. Feucht and Zander (2017) found that consumers in Europe are WTP premium prices for CE labels. However, they recognise limitations such as a lack of understanding of its meaning. Similarly, in Finland, consumers have a positive attitude towards labelling, but only find it useful to compare between products (Hartikainen et 
	 
	On the other hand, in China, although consumers linked climate change with higher GHG emissions, they barely desire to pay more for labelled products (Zhao et al., 2018). Likewise, Li et al. (2016) report that there is a positive willingness in the United States, but less than 25 per cent of households would pay more for it. Instead, they prefer to buy a less carbon-intensive substitute option. 
	 
	Shewmake et al. (2015) found that, of 42 food products, labelling meat would generate the greatest impact reducing emissions among the value chain. Providing meat CE information seems to decrease shoppers’ preference for substitutes (Koistinen et al., 2013). Nevertheless, there is no clear upward trend in WTP for beef products as there is for other groceries (Shuai et al., 2014). While some researchers reported a lack of appeal and lower WTP for labelled meat (Van Loo et al., 2014), others registered a stro
	 
	Increased consumer interest in an eco-label opens up the opportunity for a niche market, where retailers could seize this opportunity, increasing competitiveness and profits (Zhao et al., 2018), Additionally, corporates could highlight their social responsibilities and enhance their reputation (Vandenbergh et al., 2011). Some retailers in Europe and the United States (Walmart, Tesco, Casino, among others) have adopted this practice and have been successfully following this path for some years now (Caputo et
	 
	Pro-environmental changes may not happen without parallel policy programs and the intervention of these regulating actors (Lucas et al., 2008). Their role is essential in understanding whether, for a given market, carbon labelling should be voluntary or mandatory. While the mandatory option is the optimal one in markets where a preference for green products prevails, the voluntary one succeeds when there are political constraints on introducing the mandatory one (Zilberman et al., 2018). 
	 
	Credence attribute labels 
	 
	Credence attributes are those that the consumer cannot observe either by search when a product is purchased or experience during and after its consumption (Gimplinger et al., 2002). Prior to purchase, consumers generally have limited information and are unable to distinguish different food qualities, so they are not WTP extra money (Kola and Latvala, 2002). Labelling with credence attributes is a solution to this information issue. 
	Beef attribute certification is an area that has been explored for several decades and enables buyers to evaluate different alternatives and choose the one that is most convenient for them. It embraces a range of characteristics such as animal welfare, organic beef, country of origin, traceability and food safety and quality. Consumer preferences and concerns have led retailers to segment the market and gradually introduce labelling for each of these attributes (Henchion et al., 2014). Dozens of studies hav
	 
	A historic turning point followed the outbreak of mad cow disease in the European Union when consumers lost all confidence in the (assumed) safety of meat products and consequently demanded more information along the supply chain. Research in four European countries (Germany, Italy, France and Spain) showed that consumers significantly valued beef traceability, as it gave them more confidence in their food quality and safety (Van Rijswijk et al., 2008). Livestock traceability allows tracking an animal from 
	 
	To restore confidence, consumers not only demand certified meat but are WTP higher prices for it (Risius and Hamm, 2017, Angulo and Gil, 2007). Realini et al. (2013) noted that French, Spanish and British households have a strong acceptance of beef credence attributes, describing the country of origin as the main feature requested. However, the response was not consistent across Europe, where Belgian consumers reveal little interest in traceability and only moderate relevance to the country of origin compar
	 
	Through a meta-analysis, Cicia and Colantuoni (2010) conclude that meat consumers would pay between 11 and 16 per cent more for traceability certificates and food safety. This is in line with the observations of Enneking (2004), according to which consumers’ WTP for food safety and quality increases considerably if products are labelled. In France, the UK and Germany, consumers prefer labelled beef, even suggesting that mandatory government labels offer more confidence than private labels (Roosen et al., 20
	 
	On the other hand, rising social interest, media implications and the demand of animal rights groups suggest that animal welfare and production standards should be improved (Heise and Theuvsen, 2016). Animal welfare refers to a process characteristic based on moral and ethical motivations (Henchion et al., 2014). Although it is an attribute that has a positive impact on the meat industry (Napolitano et al., 2010, Carlsson et al., 2007, Koistinen et al., 2013), with studies revealing an average WTP of betwee
	 
	Market analysis shows that consumer preferences for organic and grass-fed meat have recently increased (Risius and Hamm, 2017, Realini et al., 2013, Payen et al., 2020), but in some cases this has not translated into premiums above typical grain-fed beef (White and Brady, 2014). The United States is a clear example of an increasing market preference, where consumers are WTP up to 10 per cent more (Curtis et al., 2012). Organic meat is associated with animal welfare and environmental matters, but is not yet 
	 
	Overall, labelling with credence attributes has an impact on the market, with mostly positive responses. Although experience suggests that the inclusion of labelling and certification programmes to change human behaviour is slow (Godfray et al., 2018), retailers could make significant use of this to change human behaviour is slow (Godfray et al., 2018), retailers could make significant use of this 
	 
	Extensive studies on the impact of labels with these attributes on both beef and other groceries, and the paucity of analysis of CE labels on meat, suggest that a CE label could have a similar impact on consumer perception. That suggestion is investigated in the following sections. 
	 
	Method 
	 
	A systematic literature review was used, identifying, evaluating and synthesising relevant studies related to the topic (Fink, 2019). Employing this method reduces the likelihood of biased conclusions (Booth et al., 2016), and allows other studies to reach the same outcomes if replicating the methodology (Fink, 2019). 
	 
	The databases searched included Elsevier, Wiley Online Library, Science Direct, Google Scholar, Springer Link, and the University of Melbourne Library search tool “Discovery”. The key words used to address the topic include: “carbon emissions”, “methane emissions”, “GHG emissions”, “willingness to pay”, “meat”, “beef industry”, “supply chain”, “value chain”, “label”, “eco-label”, “consumer perception”, and various combinations between them. Various bibliographical references cited were also accessed. 
	 
	Tas noted above, the willingness of consumers to pay for the carbon emissions of general groceries has been more extensively researched than for beef alone and sustainability labels in the beef industry have not been as thoroughly researched as other credence attributes. Therefore, the exclusion criteria for the documents which analysed the WTP for carbon emissions on beef are null. Consequently, several studies are analysed according to the WTP for carbon emissions labelling in other types of food products
	 
	Most of the research done to date is based on surveys, considering consumers’ perceptions, expectations and willingness to pay. The scientific studies differ in their results due to demographic characteristics (gender, age, education), geographic location, cultural backgrounds, consumption habits, and degree of environmental concern. 
	 
	The review process involved searching for potentially relevant information and selecting pertinent papers which answer the enquiry according to the quality of the data. Finally, the relevant information was extracted and analysed. The aim was not to reach a consistent and reliable conclusion, such as a specific amount that a consumer is willing to pay, but more to assessing whether there is a favourable trend towards it. 
	 
	Results 
	 
	An extensive search of literature related to the topic under investigation was undertaken. More than 90 articles and reports were found, details of which are provided in Appendix Table 1.  
	 
	WTP for a carbon emissions label on beef 
	 
	The literature searched showed that the amount of specific research carried out to date regarding the WTP for carbon emissions labelling on beef is extremely limited, with only six documents found in total. Table 1 presents a summary of these documents. 
	The scarcity of documents exploring the WTP exclusively on beef products shows that this type of label is still in the early stages of development. The inconsistent results demonstrate the need for further investigation on this issue, as there is not yet a clear signal in consumer response to this extrinsic attribute. 
	 
	The most recent study investigated the WTP of Colombian consumers for beef with a reduced environmental emissions. Regardless of the level of understanding of this attribute, these consumers were willing to pay higher prices for labelled meat. If they were not familiar with the term, they would pay 15.5 per cent more, but once exposed to the information their WTP increased to 24.9 per cent (Charry et al., 2016). These observations are in line with the findings of Pérez Gutierrez and Vargas Pérez (2019), whi
	 
	A simultaneous survey in Germany and Canada analysed the response to access to information on water and carbon emissions on four different meals, including ground beef. Unlike other studies, they did not examine whether there was a premium, but instead assessed how much the price of beef should decrease (ie, be discounted) for consumers to opt for the higher emissions food. Indeed, they found a positive response to labelling in both countries. Moreover, the higher the CE and water usage, the lower the prope
	 
	Not all studies found positive results. Seeking to study unpalatable attributes and the interaction between them, Li et al. (2015) assessed the willingness of United States consumers to pay for CE, but in absolute values for both steak and ground beef. Although they found a positive response, in percentage terms, they were not significant. In a later study, Li et al. (2018) noted that consumers perceive beef labelled as "raised carbon-friendly" as positive and potentially useful in reducing emissions but co
	 
	Similar results were achieved by Feucht and Zander (2017) and Koistinen et al. (2013). The latter authors reported that providing a label with the CE data significantly decreases the popularity of beef. Nevertheless, if the consumer faces this label, it does not mean they are willing to pay more money, but would choose to replace it with other meat of lesser impact. Similarly, Feucht and Zander (2017) found that consumers are interested in taking actions to mitigate climate change, but they consider CE labe
	 
	WTP for a carbon emissions label on other groceries 
	 
	The willingness to pay for CE labelling on different food products is an area that has been more extensively researched but is still far from being considered as fully developed. Since studies of environmental attributes are of growing relevance, the published research is concentrated in recent years. Despite the limited literature, those relevant to this research were evaluated, selecting 12 works from reliable sources and results that address the WTP subject. Table 2 summarises the main aspects of the sel
	 
	Although there are variations, the results show a clear sign of a positive consumer response. Furthermore, studies illustrate consumers’ WTP both in relative terms, as the level of response to labelling, and in absolute terms, as the amount that is actually willing to be paid. A recent study by the Carbon Trust (2020), a United Kingdom government-backed organisation and leader in carbon emissions reduction and certification, found that 64 per cent of consumers in Europe support CE food labelling. This data 
	Table 1. Summary of research: WTP for a carbon emissions label on beef 
	 
	Food 
	 
	Country 
	Number of Participants 
	Method 
	 
	Understanding of CE Labels 
	Willingness response 
	Year 
	Reference 
	Beef 
	Colombia 
	147 
	Survey 
	Lack of knowledge 
	+15.5 per cent 
	2016 
	Charry et al. (2016) 
	Ground beef and steak 
	France, Germany, Italy, Norway, Spain, UK 
	1994 
	Online survey 
	No information 
	Relatively low non-priority 
	2012 
	Feucht and Zander (2017) 
	Ground beef and steak 
	United States 
	1688 
	Online survey 
	No information 
	+USD 0.55/lb steak 
	+USD 0.52/lb ground beef 
	2012 
	Li et al. (2015) 
	Ground beef 
	Germany 
	1579 
	Online Survey 
	Familiar with the term 
	High 
	2011 
	Grebitus et al. (2016) 
	Ground beef 
	Canada 
	1551 
	Online Survey 
	Familiar with the term 
	High 
	2011 
	Grebitus et al. (2013) 
	Minced beef 
	Finland 
	1623 
	Questionnaire 
	Not fully understand 
	+1.9 per cent 
	2010 
	Koistinen et al. (2013) 
	 
	 
	 
	Table 2. Summary of research: WTP for a carbon emissions label on groceries 
	 
	Food 
	Country 
	Number of Participants 
	Method 
	 
	Understanding of CE Labels 
	Willingness response 
	Year 
	Reference 
	General food products 
	France, UK, US, Germany, Italy, Netherlands, Spain, Sweden 
	10540 
	Online survey 
	No information 
	64 per cent support CE labels 
	2020 
	Carbon Trust (2020) 
	Chicken breast 
	Belgium 
	359 
	Survey 
	Low knowledge levels 
	Low 
	2012 
	Van Loo et al. (2014) 
	Orange 
	Japan 
	212 
	Questionnaire 
	No information 
	Very low 
	2012 
	Aoki and Akai (2012) 
	Fruit 
	Japan, UK 
	24 
	Online survey 
	Clear understanding 
	+22 per cent in UK +23 per cent in Japan 
	2011 
	Tait et al. (2015) 
	Potatoes 
	Germany 
	1579 
	Online survey 
	Familiar with the term 
	Strong response 
	2011 
	Grebitus et al. (2015) 
	General food products 
	Finland 
	1010 
	Online survey 
	Familiar term, but misunderstanding 
	90 per cent feel would change their choice 
	2010-2011 
	Hartikainen et al. (2014) 
	Fluid milk and bread 
	Chile 
	774 
	Personal interviews 
	Not familiar with the concept 
	+29 per cent fluid milk +10 per cent bread 
	2010-2011 
	Echeverría et al. (2014) 
	Milk and apple juice 
	Germany 
	275 
	Questionnaire 
	No information 
	+0.20€/Lt milk +0.30€/Lt juice 
	2010 
	Breustedt (2014) 
	Meat, seasonal fruits and vegetables 
	Switzerland 
	6189 
	Questionnaire 
	Lack of knowledge 
	Unwilling to reduce meat 
	2010 
	Tobler et al. (2011) 
	General food products 
	United Kingdom 
	428 
	Questionnaire 
	89 per cent confusion interpreting and understanding 
	72 per cent would buy more CE labelled food 
	2009 
	Gadema and Oglethorpe (2011) 
	Chocolate-bar, chips, candy, juice 
	Japan 
	151 
	Survey 
	Low understanding 
	Strong response 
	2009 
	Kimura et al. (2010) 
	Apples and tomatoes 
	United States 
	1052 
	Survey 
	Lack of knowledge 
	Significant proportion 
	2008 
	Onozaka and McFadden (2011) 
	Other studies also indicate a robust response, regardless of the lack of understanding of the attribute. In Germany, Grebitus et al. (2015) found a positive response to potato labelling, and in a preview of the study reported that prices should decrease by at least 1.02 euro per kg for the consumer to opt for the higher CE option (Grebitus et al., 2016). While they outlined a substantial difference with Canadian consumers on this meal, they found a similar response with yoghurt. 
	 
	In the United Kingdom, Panzone et al. (2011) concluded that CO2 labelling is a viable approach in several groceries, whereas another study revealed a 72 per cent preference rate for carbon labels (Gadema and Oglethorpe, 2011). Similarly, Caputo et al. (2013) found that United States consumers value carbon labelling of tomatoes, and a significant proportion are willing to pay more for it (Onozaka and McFadden, 2011). Meanwhile, in Japan, responses are not as clear-cut and vary by product. While consumers are
	 
	Although there seems to be a trend in preferences, consumers do not always feel stimulated to change their choices towards eco-friendly options. While in Finland labelling makes 90 per cent of consumers think about changing their purchasing choice (Hartikainen et al., 2014), in Switzerland the same result is not observed, and even less so with meat products where they are not willing to decrease their consumption (Tobler et al., 2011). In Belgium, the situation is similar, with a deficient response level wh
	 
	Contemporary social norms favour a positive reported attitude to pro-climate actions, such as carbon emissions labelling. The importance of exploring consumer willingness to pay for these desirable innovations is its role in determining how their cost will be distributed through the supply chain, particularly since dis-adoption of them is difficult once they are adopted.  
	 
	WTP for credence attribute labels for beef 
	 
	The study of the different attributes in beef products is a subject that has been analysed in-depth and on which there is very varied literature, mostly from the mid-1990s onwards. Over the years, extrinsic aspects have been examined in detail, mainly those relating to the taste of beef, and recently intrinsic aspects, which are not perceptible and are only recognisable through labels, have become increasingly important as well (Li et al., 2015). Given the focus of the study, documents that evaluate the WTP
	 
	The sustainable intensification of production, and consumers’ increasing concern for animal welfare, make animal welfare one of the most researched attributes. Some authors conclude that consumers are willing to pay higher prices for beef with this ethical certification. While Lagerkvist and Hess (2011) determined that WTP for farm animal welfare deserves further investigation, subsequent studies by Clark et al. (2017) and Yang and Renwick (2019) highlight the overall positive response. 
	 
	In Chile, for instance, Schnettler et al. (2009) documented that householders generally value the information provided in labels in terms of animal welfare or production systems. Charry et al. (2019) concluded that Colombian beef consumers are willing to pay more for animal welfare and eco-friendly certifications. On the other hand, Pouta et al. (2010) found that Finnish consumers showed a preference towards animal welfare, but it was less important compared to organic production. 
	Labelling as organic beef show that consumers attach greater value, attracted by its association with higher animal welfare standards and environmental issues (Zanoli et al., 2013). 
	 
	Although there are some differences, most studies find a consistent increase in WTP for organic beef compared to non-organic. A premium between 52 and 58 per cent was reported in Italy (Napolitano et al., 2010; Corsi and Novelli, 2002; Corsi and Novelli, 2011), and similarly in Germany (Risius and Hamm, 2017; Illichmann and Abdulai, 2013). In Denmark, the value is around 41 per cent (Millock and Hansen, 2002), in Spain it exceeds 40 per cent (García-Torres et al., 2016), and in Bangladesh it reaches 10 per 
	 
	Other attributes show a definite positive value such as labelling with the country of origin, which declares where the beef has been produced (Cicia and Colantuoni, 2010). Schnettler et al. (2009) found that Chileans consider it the main attribute, as do the Koreans (Chung et al., 2012), who have a WTP almost three times higher for domestic than for imported beef (Chung et al., 2009). French and English households have substantial source verification WTP (Tonsor et al., 2005), and German (Lewis et al., 2017
	 
	The United States market is the most researched, with considerable consistency in results. Beef consumers prefer local beef, particularly motivated by the reduction of the CE of the supply chain, feeling more responsible for the environment (Bernard, 2012). This is in line with the findings of Lim et al. (2013) and Adalja et al. (2015), where buyers have lower WTP for imported steaks and higher prices for local products, respectively. Moreover, if the beef is of high quality, the WTP even enhances (Chang et
	 
	Discussion 
	 
	Measuring the CE of beef and providing the consumer with information about it is an ongoing issue. Very few documents have been published on this subject, and so it is difficult to discuss in any meaningful way the real WTP for this information. However, the combined analysis of CE on foodstuffs together with other credence attributes in beef allows access to more literature and more varied consumer responses. The WTP for labels in different groceries is unique, so extrapolating results to beef has to be do
	 
	What can be learned from carbon emissions labels on groceries? 
	 
	Although there is generally a positive attitude towards environmental preservation and socially responsible products, there is a gap with actual behaviour that makes it unclear whether there is a real WTP (Vermeir and Verbeke, 2006). High prices, eating habits, lack of trust and perceived effectiveness are the main barriers to its successful implementation (Röös and Tjärnemo, 2011). 
	 
	The vast majority of research has found a positive disposition towards CE labelling, despite the wide variety of results. While some show a slight response (Aoki and Akai, 2012; Van Loo et al., 2014; 
	Grunert et al., 2014), others claim greater interest (Toivonen, 2007; Blomqvist, 2009; Tully and Winer, 2014). Still, for a more favourable response, buyers must be educated in advance due to the lack of understanding of the values provided. For example, both Guenther et al. (2012) and Charry et al. (2016) recognise that consumers must comprehend the label to make better choices and have a real impact. As understanding increases, consumers give more importance to CE labelling and then the price is not a maj
	 
	However, carbon labelling can achieve its objective despite the lack of understanding, as Sharp and Wheeler (2013) point out. Although the information provided by the label may be unfamiliar to consumers, it is still valid for comparing products and therefore for choosing those with less carbon impact.  
	 
	This becomes essential in the case of closely substituted products, such as in the meat sector. Just as Lanz et al. (2014) found substitution of beef for chicken, where labels are more effective for "cleaner" products, Koistinen et al. (2013) showed increased demand for pork at the expense of beef. Gallet (2010) reveals the influence of meat price elasticity, with beef being relatively elastic and therefore easily substitutable. Li et al. (2016), point out not only that consumers prefer to buy a less carbon
	 
	An analysis of the existing literature then indicates that consumers attach importance to CE labelling, but instead of having to pay more to present this label, they prefer to replace their choice.  
	 
	What can be learned from other credence attributes labels on beef? 
	 
	The deductions for labelling with other extrinsic attributes on beef are clearer than for labelling with CE. There is not only a high interest in these labels but also considerable premiums if the product is labelled with it. However, as the results obtained from the literature review show, the responses are variable as well as the order of importance that consumers give to each attribute. It also highlights a longer historical trajectory in the market, as well as a better understanding of consumers in favo
	 
	For example, White and Brady (2014) found that the WTP for organic, local, and grass-fed beef is double what they would pay for a label mentioning a reduction in GHGs (29 per cent vs 14.8 per cent). Another clear example is the work of Cicia and Colantuoni (2010), who concluded that consumers are willing to pay premiums for traceable attributes, such as animal welfare and country of origin. Although the research did not specifically include CE, they suggest that providing this new information could be succe
	 
	Most studies focus on developed countries given their clear impact on the beef market and the growing consumer demand for information. However, developing countries suggest that they are the new drivers of the market. In these countries, the consumption of animal products, including red 
	meat, is projected to double by 2050 (Smith et al., 2018). Economic progress and rising per capita income, and population growth and urbanisation, are leading to a shift in consumer preferences in favour of healthier products and increasing WTP for certified products (Muhammad et al., 2015). 
	 
	Generally, greater consumer understanding leads to increased interest and WTP. Both those with a positive attitude towards labelled beef and those with an indifferent attitude are more likely to buy labelled beef once they understand the implications of this strategy (Campiche et al., 2004). It has been recommended that the combination of logos with credence attributes and environmental issues has a more positive effect than both separately or the absence of them (Hoek et al., 2017). 
	 
	Is a carbon emissions label a solution? 
	 
	Several authors specify the difficulty of understanding existing CO2 labels (Guenther et al., 2012; Gadema and Oglethorpe, 2011; Schaefer and Blanke, 2014), as well as the complications and implications for an accurate calculation of the CE (Boardman, 2008, Baldo et al., 2009, Onozaka et al., 2016). This lack of knowledge is a limitation for the success of this label and thus for an adjustment of dietary habits towards climate-friendly food (Beattie and Sale, 2016; Upham et al., 2011; Hartikainen et al., 20
	 
	Carbon labelling could be a strategy where the consumer has the opportunity to choose their most attractive option, but without paying more for it. Unfortunately, a rise in food prices may cause global hunger to become even more severe. Therefore, providing CE information in order to reduce activities with high environmental impact is likely to generate ethically unacceptable costs for the weakest sectors of society (Breustedt, 2014). If the carbon labelling does not mean a carbon tax or a carbon credit, ne
	 
	Still, the experience demonstrates that the gap between voluntary and mandatory CE labelling is significant, and for this type of attribute, a label is necessary for substantial change to occur (Kim et al., 2016).  
	 
	What about the role of the beef farmer? 
	 
	Beef producers would also play a leading role, as they are the ones who have the primary role in adopting new strategies to mitigate methane emissions and improve the environment. Some authors maintain this has been successful. In Australia, Brazil, the United States, Canada and the European Union, Desjardins et al. (2012) observed a substantial reduction in this metric, mainly due to improved management systems, genetics, and diets. In developing areas with large livestock stocks, such as Africa, China or 
	 
	There is currently much misinformation, so Tan et al. (2014) suggest that CE calculations must be standardised to avoid giving misleading information to policymakers, retailers and consumers. Scientific studies should provide objective methodologies to develop accurate indicators that can predict intrinsic and extrinsic beef quality traits at low cost and with confidence (Hocquette et al., 2012). 
	 
	A clear example concerns the fattening of animals on grass or grain. Grain supplementation allows faster animal fattening, so time savings reduce gas emissions. Therefore, exclusive grazing fattening 
	could be more harmful to the environment. Capper (2012) in the United States estimated losses of confined livestock at 40 per cent less than those that were grass-finished. Meanwhile, Pelletier et al. (2010) estimated they were 23 per cent lower. It happens that the CE of the product must include the whole life cycle because if cereal production, transport and processing are included, total carbon dioxide emissions could exceed grazing systems (Phetteplace et al., 2001). 
	 
	Given the economic implications of reducing the CE at the farm level, researchers should integrate into their analysis the feasibility of farmers adopting different strategies, trying to answer whether the additional income will cover the costs incurred (White and Brady, 2014). It becomes critical to know the true WTP of consumers, because if there is a positive response, then the premiums achieved could offset farmers’ costs of innovative measures to mitigate their CE (Payen et al., 2020). 
	 
	One issue which is important at the farm level is that any such CE metric has to be calculated from a whole-of-system perspective, and not just as one output of many. Beef farmers manage their business as a system and the costs of new investments to mitigate emissions are assessed across the whole system, including the possibility and cost of purchasing offsets elsewhere.  
	 
	Conclusions 
	 
	Consumers are currently the main drivers of sustainability marketing strategies. They are aware of the damage that humans have caused to the environment and are therefore willing to take actions to cope with climate change. They demand more information along the supply chain about where their food comes from and the background associated with it. In response to their demands, different instruments have been advancing over the last couple of years, stimulating shift towards eco-friendly groceries. The attrib
	 
	The scarcity of documents exploring the WTP exclusively on beef products shows that this type of label is still in the early stages of development. Existing research seems much less than global public attention would suggest. The CE has been studied in more detail in other foodstuffs, and has been less analysed compared to other credence attributes. Combining both allows learning about consumers’ response when faced with a label and to extrapolate the results to the topic under investigation. The analysis s
	 
	One broader issue is that a CE attribute is but one of many. As referenced frequently throughout the paper, there are a wide variety of responses to CE and other single attributes – some consumers indicate a strong preference for products with this attribute, but others don’t care; some consumers are willing to pay more for the label, but most are not; some consumers would purchase less if there was no label, but others would purchase the same amounts. Thus consumers are not homogeneous, and many of their f
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	Meta-analysis 
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	Qualitative 
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	Meta-analysis 
	54 studies 
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	Nuttavuthisit and Thøgersen (2017) 
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	Thailand 
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	Interview 
	177 
	Qualitative 
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	No likely to buy organic food 
	Charry et al. (2019) 
	2016 
	Colombia 
	Beef 
	Survey 
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	Quantitative 
	WTP for credence attributes on beef 
	+40.2% for animal welfare 
	Meyerding et al. (2018) 
	2016 
	Germany 
	Beef steaks 
	Sensory test 
	55 
	Quantitative 
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	High response to quality labels 
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	2015 
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	Meat 
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	Positive response to animal welfare 
	Sarma and Raha (2016) 
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	Bangladesh 
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	Adalja et al. (2015) 
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	United States 
	Beef 
	Survey 
	No information 
	Quantitative 
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	+$2.39 to $2.71 per pound for local 
	Muhammad et al. (2015) 
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	United Arab Emirates 
	General food products 
	Survey 
	300 
	Qualitative 
	WTP for credence attributes on food 
	Positive response to organic food 
	García-Torres et al. (2016) 
	2014 
	Spain 
	Beef 
	Sensory test, conjoint analysis 
	150 
	Quantitative 
	WTP for credence attributes on beef 
	+40% for organic beef 
	Tully and Winer (2014) 
	 
	Various countries 
	General food products 
	Meta-analysis 
	80 studies 
	Qualitative 
	WTP for credence attributes on beef 
	+16.8% for socially responsible practices 
	White and Brady (2014) 
	 
	Various countries 
	Meat 
	Meta-analysis 
	46 studies 
	Qualitative 
	WTP for credence attributes on beef 
	+29% organic, local, grass-fed 
	+14.8% reducing GHGs label 
	Risius and Hamm (2017) 
	2013 
	Germany 
	Beef 
	Survey 
	676 
	Qualitative 
	WTP for credence attributes on beef 
	High WTP for husbandry conditions and organic 
	Lewis et al. (2017) 
	2013 
	Germany 
	England 
	Beef 
	Survey 
	503 
	402 
	Qualitative 
	WTP for credence attributes on beef 
	High response to local beef and food safety 
	Li et al. (2016) 
	2013 
	United States 
	Beef 
	Online survey 
	806 
	Quantitative 
	WTP for credence attributes on beef 
	$64 to $306 for prescribed grazing 
	Li et al. (2018) 
	2012 
	United States 
	Ground beef and steak 
	Survey 
	1688 
	Qualitative 
	WTP for credence attributes on beef 
	Positive response for extrinsic attributes 
	Saunders et al. (2013) 
	2012 
	United Kingdom, China, India 
	Dairy, lamb 
	1st Survey 
	2nd Survey 
	300 
	2067 
	Qualitative 
	WTP for credence attributes on beef 
	Attributes positively value 
	Bernard (2012) 
	2012 
	United States 
	Beef 
	Online survey 
	417 
	Qualitative 
	WTP for credence attributes on beef 
	Positive response to local  
	Vanhonacker et al. (2013) 
	2011 
	Belgium 
	Meat 
	Survey 
	221 
	Qualitative 
	WTP for credence attributes on beef 
	Low response to sustainable alternatives 
	Lagerkvist and Hess (2011) 
	 
	Various countries 
	Beef 
	Meta-analysis 
	24 studies 
	Qualitative 
	WTP for credence attributes on beef 
	Heterogeneous response 
	Morales et al. (2020) 
	2010 
	Australia 
	Beef 
	Online survey 
	1084 
	Qualitative 
	WTP for credence attributes on food 
	Positive response to animal welfare, safety, health, and environmental-friendly 
	Lim et al. (2013) 
	2010 
	United States 
	Beef steaks 
	Online survey 
	1079 
	Qualitative 
	WTP for credence attributes on beef 
	Not WTP for imported steaks 
	Illichmann and Abdulai (2013) 
	2010 
	Germany 
	Apples, milk, beef 
	Survey 
	1182 
	Qualitative 
	WTP for credence attributes on beef 
	Heterogeneous response, but positive  
	Chang et al. (2013) 
	2010 
	United States 
	Ground beef 
	Survey 
	103 
	Quantitative 
	WTP for credence attributes on beef 
	+$0.48/lb for local beef 
	Janssen and Hamm (2012) 
	2010 
	Czech Republic, Denmark, Germany, Italy, Switzerland, United Kingdom 
	Apples, eggs 
	Survey 
	2441 
	Quantitative 
	WTP for credence attributes on food 
	Variable according to the organic logo 
	Franken et al. (2011) 
	2010 
	United States 
	Beef 
	Online Survey 
	406 
	Quantitative 
	WTP for credence attributes on beef 
	Positive response to several attributes 
	Napolitano et al. (2010) 
	No info 
	Italy 
	Beef 
	Interview 
	190 
	Qualitative 
	WTP for credence attributes on food 
	High response for organic beef 
	Cicia and Colantuoni (2010) 
	 
	Various countries 
	Meat 
	Meta-analysis 
	23 studies 
	Quantitative 
	WTP for credence attributes on beef 
	+12% to 16% food safety, +7% to 14% animal welfare 
	Insch and Jackson (2014) 
	2009 
	New Zealand 
	General food products 
	Survey 
	402 
	Qualitative 
	WTP for credence attributes on food 
	Little relevance 
	Zanoli et al. (2013) 
	2008 
	Italy 
	Beef steaks 
	Survey 
	145 
	Qualitative 
	WTP for credence attributes on beef 
	High response to organic beef and animal welfare 
	van Dam and van Trijp (2011) 
	2008 
	Netherlands 
	General food products 
	Survey 
	1543 
	Qualitative 
	WTP for credence attributes on beef 
	Importance of certified sustainable 
	Van Rijswijk et al. (2008) 
	No info 
	Germany, France, Italy, Spain 
	General food products 
	Questionnaire 
	163 
	Qualitative 
	WTP for credence attributes on beef 
	High value to traceability 
	Pouta et al. (2010) 
	2007 
	Finland 
	Broiler meat 
	Online survey 
	37 
	Qualitative 
	WTP for credence attributes on food 
	Preference for animal welfare 
	Chung et al. (2009) 
	2007 
	Korea 
	Beef 
	Survey 
	1000 
	Quantitative 
	WTP for credence attributes on beef 
	+0.14$/lb for local beef 
	Schnettler et 
	2006-
	Chile 
	Meat 
	Survey 
	770 
	Qualitative 
	WTP for credence 
	Attributes positively 
	al. (2009) 
	2007 
	attributes on beef 
	value 
	Realini et al. (2013) 
	2006 
	Spain, France, United Kingdom 
	Beef 
	Sensory test 
	292 
	Qualitative 
	WTP for credence attributes on beef 
	Strong importance to country of origin 
	Ehmke (2006) 
	 
	Various countries 
	General food products 
	Meta-analysis 
	13 studies 
	Qualitative 
	WTP for credence attributes on beef 
	Country of origin value depends on other attributes 
	Vermeir and Verbeke (2006) 
	No info 
	Belgium 
	Dairy products 
	Survey 
	456 
	Qualitative 
	WTP for credence attributes on food 
	Positive attitude for sustainable food, low buying intentions 
	Carlsson et al. (2007) 
	2004 
	Switzerland 
	Ground beef, chicken fillets 
	Questionnaire 
	1600 
	Qualitative 
	WTP for credence attributes on beef 
	Positive to animal welfare in cattle, negative in chicken 
	Angulo and Gil (2007) 
	2003 
	Spain 
	Beef 
	Survey 
	650 
	Qualitative 
	WTP for credence attributes on beef 
	Negative for traceability 
	Positive for safety 
	Loureiro and Umberger (2007) 
	2003 
	United States 
	Beef steaks 
	Survey 
	632 
	Quantitative 
	WTP for credence attributes on beef 
	More value to food safety than other attributes 
	María (2006) 
	2003 
	Spain 
	Animal products 
	Questionnaire 
	3978 
	Qualitative 
	WTP for credence attributes on beef 
	High proportion is WTP for animal welfare 
	Roosen et al. (2003) 
	No info 
	France, Germany, United Kingdom 
	Beef, poultry, pork, Lamb, fish 
	Survey 
	224 
	Qualitative 
	WTP for credence attributes on beef 
	High value of country of origin 
	Tonsor et al. (2005) 
	2002 
	Germany, France, United Kingdom 
	Beef steak 
	Choice experiment 
	248 
	Qualitative 
	WTP for credence attributes on beef 
	High response to source of verification 
	Enneking (2004) 
	2002 
	Germany 
	Liver sausages 
	Survey 
	321 
	Quantitative 
	WTP for credence attributes on beef 
	+$0.11 to $0.34 for quality and safety 
	Gimplinger et al. (2002) 
	2002 
	Austria 
	General food products 
	Survey 
	442 
	Qualitative 
	WTP for credence attributes on beef 
	Value several attributes 
	Corsi and Novelli (2011) 
	2001 2003 
	Italy 
	Beef 
	Survey 
	726 
	Qualitative 
	WTP for credence attributes on beef 
	Lower response than 2001 for 
	organic beef 
	Corsi and Novelli (2002) 
	2001 
	Italy 
	Beef 
	Survey 
	402 
	Quantitative 
	WTP for credence attributes on beef 
	+52% to 58% for organic beef 
	Millock and Hansen (2002) 
	2001 
	Denmark 
	Milk, potatoes, ryebread, minced beef 
	Questionnaire 
	400 
	Quantitative 
	WTP for credence attributes on food 
	+41% for organic beef 
	Campiche et al. (2004) 
	2000-2001 
	United States 
	Natural beef 
	Survey 
	No information 
	Qualitative 
	WTP for credence attributes on beef 
	Likely to buy 
	Verbeke and Ward (2006) 
	2000 
	Belgium 
	Beef 
	Survey 
	278 
	Qualitative 
	WTP for credence attributes on beef 
	Little interest traceability. Moderate to country of origin 
	Alfnes (2004) 
	2000 
	Norway 
	Beef 
	Survey 
	1066 
	Qualitative 
	WTP for credence attributes on beef 
	Preferred local 
	Kola and Latvala (2002) 
	2000 
	Finland 
	Beef 
	Survey 
	1640 
	Qualitative 
	WTP for credence attributes on beef 
	59% of consumers are WTP on beef safety 
	Sánchez et al. (2001) 
	1999 
	Spain 
	Lamb, veal 
	Survey 
	482 
	Qualitative 
	WTP for credence attributes on beef 
	Low response for country of origin 
	Curtis et al. (2012) 
	1998 
	United States 
	Beef 
	Survey 
	1400 
	Quantitative 
	WTP for credence attributes on beef 
	+10% for natural beef 
	 
	 




