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Introduction

Climate change is one of the most significant and pressing challenges that faces humanity (Röös, 2013), with humans facing unprecedented challenges, such as: increased land use change releasing carbon back into the atmosphere, substantial deforestation, damage and contamination to water courses, increased energy consumption, fertiliser application, and waste generation (Marlow et al., 2009). The cause of these changes can be linked to the unsustainable patterns surrounding anthropogenic material consumption and economic activity (Wackernagel and Rees, 1998). In a recent attempt to combat such a situation there has been an increased prevalence of questioning food choices based on their environmental impact (Rosi et al., 2017). Research by Veermani and colleagues (2017) suggests that the dietary choices of modern societies have huge impacts on the environment, and thus societal shifts in dietary patterns could assist to ameliorate these issues (Hallstrom et al. 2015).

The food sector has been identified as one of the major contributing factors to climate change (Röös, 2013) with Macrae and colleagues (2013) estimating that ‘around 30% of anthropogenic climate change is linked to food production and food systems at large.’ In addition to this, increasing populations and rising incomes have more than doubled food consumption over the past four decades (Harrison et al., 2002), with a projected population of 9 billion by 2050 (Veeramani et al. 2017). This suggests that the dietary patterns and their environmental impact need to be analysed to provide an understanding of how best to reduce the negative consequences on the environment. Furthermore, to implement strategies that reduce the environmental impact of dietary patterns, a more thorough understanding of the predominant implications of various dietary choices is important (Veeramani et al., 2017).

Despite a growing consciousness around food choices and their environmental impact, there is a lack of information about the real life influence of the whole diet rather than a hypothetical intake on different indexes of environmental impact (Rosi et al., 2017). Consumers need to be informed about the environmental impact and sustainability of the purchasing choices they make so that the most environmentally sensitive choice can be made (Wallén et al., 2004). A sustainable diet can be defined by the FAO as ‘those that are nutritionally adequate, affordable, safe and culturally acceptable while sparing of natural and human resources’  (FAO, 2010; Lever, 2011). The challenge of ensuring food security - and further sustainable diets - with growing concern surrounding climate change, has led to renewed concerns about the future of the Western diet (Friel et al., 2009).

Wackernagel and Rees (1998) developed the ‘ecological footprint’ concept which is ‘the amount of ecologically productive land that would be necessary to provide current levels of consumption on a sustainable basis.’ An ecological footprint is the measure of environmental impact, with a larger estimated footprint implying greater land requirements and therefore a greater impact on the environment by a population. This measure can be applied to differing dietary patterns, to surmise the overall environmental impact of the diet. This is an increasingly pressing issue as meat consumption quadrupled during the latter half of the 20th century (De Boer et al., 2006), and environmental impacts are set to further increase due to trade and trends in the food market (Frey and Barrett, 2007). 

There is clear and justifiable evidence that the challenge facing humanity is enormous, at a time when climate change, biodiversity loss, soil erosion, pollution, and water and land shortages are placing stress on global food production systems (Röös, 2013). Goodland (1997) argued that diet is an important factor in working towards sustainability in agriculture; further, he points out that a diet based predominantly on meat is typically consumed by more affluent citizens, and requires a significantly greater amount of environmental resources per calorie than a grain based diet. This increased demand for meat has encouraged farmers to raise livestock instead of grain and this grain is typically used to feed livestock, and so is unavailable for human consumption (Brown and Kane, 1994). Although this information is dated, it can be used to illustrate just how long ago these issues were being recognised, and therefore can be used to highlight the urgency in the matter. 




Literature Review

Climate change and food security are increasingly at the forefront of many countries’ action plans and agendas (European Commission, 2006), and climate change increasingly has negative affects on food production systems worldwide (Rosi et al., 2017). As a result of increased land under cultivation and improved yields on existing agricultural lands (FAO, 1996) there has been an increase in world-wide food production (White, 2000). Consequently, such demands on food production have resulted in the acceleration of deforestation and soil erosion and the accumulation of greenhouse gases in the atmosphere; these are all indicators that demands on nature, from both society and the food industry, are compromising the wellbeing of future generations (Wackernagel and Rees, 1998). To address concerns about the increased demand for animal products, a series of questions need to be considered: Do dietary choices really have an effect on the environment? Does animal consumption create a larger footprint than a vegetarian diet? What are some of the greatest environmental impacts of an animal breed diet? How might these be measured? (Marlow et al., 2009). 

When considering emissions of greenhouse gases, 50% of these are emitted into the atmosphere via the farming system (Friel et al., 2009). These gases include nitrous oxide from production of forage crops, methane from enteric fermentation and carbon dioxide relating to land use change (González-Garciá et al., 2018). These agricultural activities are one example of the complex system surrounding production and consumption of food; processing, distribution, preparation, consumption and waste management also play key roles (Duchin, 2005; Friel et al., 2009) as they all have the potential to cause further detriment to the environment. To quantify this, a carbon footprint could be calculated, as it is the sum of greenhouse gas emissions, and can be associated with food production, processing, transporting and retailing (Drewnowski et al., 2015). The reported contribution of agriculture and food industries to global greenhouse gas emissions ranges from 15% to 30% (Kim and Neff, 2009; Vieux et al., 2012).

From studying the carbon footprint of food, an important insight is that direct emissions from livestock production are dominated by both pre-farm and on-farm emissions, while emissions from post-farm activities are considerably smaller (Cederberg et al., 2009; Peters et al., 2010). Comparatively, emissions for transport of plant-based foods in the post-farm stage can contribute a considerable amount to the total carbon footprint for fruit and vegetables (Sim et al., 2007; Weber and Matthews, 2008). With market globalisation and convenient transportation, food choices have become widely available throughout the year, and are no longer driven by seasonality, but instead by consumers and market demand (Marlow et al., 2009).

With regards to ranging dietary patterns, environmental impact can be studied through looking at components of a diet; one of which being the amount of resources per unit of food needed to raise different livestocks. For example, White (2000) suggests that cattle must eat around 7kg of grain to generate a single kg of beef, and pigs require about 4 kg of grain for 1 kg of pork. Meats such as chicken and turkey are more efficient (they require approximately 2 kg of feed per 1 kg of poultry meat), however these are still significant amounts. In addition to this, methods of livestock farming can have negative, knock on effects on the environment; these include soil erosion caused by overgrazing, which can further result in desertification, and the loss of ecosystems such as tropical rainforests as it is cleared to make way for cattle ranches (Brown and Kane, 1994). 

A number of studies have been reviewed to determine the impact of dietary choices on the environment. It was found that there are large disparities between the amounts of land needed to produce different foods, and their impact on the environment. Take meat and soy products, for example, when comparing the two it can be observed that an equivalent amount of meat protein requires 6-17 times the amount of land than soy protein (Reijnders and Soret, 2003). Also, meat production requires 4.4 times the amount of water through intensive agriculture processes such as intensive irrigation compared to soy (Joyce et al., 2012). This, again, highlights another element of meat production which has a larger impact on the environment than the equivalent production element of plant based products. Research from Pimentel and Pimentel (2003) states that producing protein from meat takes 11 times the amount of fossil fuels compared to the equivalent amount of plant-based protein. Moreover, that same production of protein from animal products would take 100 times more water than plant-based products due to the need for growing crops using irrigation to feed livestock. This disparity in the estimated amounts of water needed to produce meat-based products highlights the need for more rigorous research to gain an accurate understanding of the environmental issues created by various farming practices. 

Environmental impacts of dietary patterns including meat-based products have wider ranging impacts than simply carbon dioxide emissions. Dietary patterns can be responsible for environmental impacts in countries other than the country consuming the food, as food is transported around the world depending on the patterns and traditions of a nation. These activities also lead to environmental impacts and must be considered when assessing the impact of a dietary pattern.

Dietary patterns differ from country to country, region to region. This is due to a number of factors, for example: tradition and culture, weather, availability of food groups, trade deals and seasonality. Therefore, the impacts of food systems and food choices on climate change also vary from country to country, and so research conducted in various regions is needed to inform policy and action plans (Alber et al., 2003; Macrae et al., 2013; Notarnicola et al., 2015) specific to each area. Patterns of food consumption and their effect on the environment have been studied in a number of regions across Europe (Tukker et al., 2011) and increasingly in the UK (Macdiarmid, 2013). Numerous studies from Europe can be found in literature that consider the environmental footprint of food consumption patterns following a Life Cycle Assessment (LCA) framework (Heller et al., 2013; Van Kernebeek et al., 2015).

A number of papers have been written on the environmental foot printing of single agricultural products such as beef (Beauchemin et al., 2010; Dias et al., 2014), tomatoes (Dias et al., 2017), apples (Keyes et al., 2015), diary products (McGeough et al., 2012) and fish (Ayer and Tyedmers, 2009). Despite this and the wealth of findings they present, there are fewer papers providing insight into the overall impact associated with dietary patterns (Veeramani et al., 2017). It is important to have research that explores the environmental impact of dietary patterns as apposed to single food groups so that consumers can be more fully informed as to how their dietary choices are impacting the environment on a larger scale. Comparing assessments of environmental impacts may be extremely useful to consumers as lessons can be learnt not only from their own experience, but that of other dietary patterns too (Lo-locono-Ferreira et al., 2016).

Dietary patterns in the UK are generally categorised as: meat-eater, pescatarian, vegetarian or vegan. The vegetarian diet is based on the consumption of vegetables, fruits, dairy, flour based products and eggs, but excludes any type of meat product; vegan diets are also vegetable based but excludes any food of animal origin such as eggs, dairy products, fish and meat (Baroni et al., 2007). As a substitute for meat products and animal products in a vegan diet, soy-based milk products, legumes, nuts and seeds are consumed (Meier and Christen, 2013). In order to examine how dietary patterns have impacted the environment, ecological footprint analysis as set out by Wackernagel and Rees (1994, 1996) can, and has, been utilised. 

Environmental Footprint Assessment (EFA) has previously been proposed as a measure of ecological impact (Herva et al., 2008; Rees and Wackernagel, 1996; Wackernagel and Rees, 1997). The EFA is an integrated measure that expresses results relating to the biophysical limits of resources used (Lo-lacono-Ferreira et al., 2016), and results represent the amount of biologically productive land and water required to provide resources by a given entity (Conway et al., 2008; Wiedmann and Barrett, 2010). The original EFA method was intended for use in inland areas and has since been modified for and adapted to be applied to other systems such as cites and companies (Galli et al., 2012, Herva et al., 2008; Wiedmann and Barrett, 2010). When EFA is used to assess organisations in this way, it is mainly used to report on consumption, energy use and waste generation. However, when counties or regions are analysed, EFA compares land activity with land bio capacity (Lo-lacono-Ferreira et al., 2016). A study analysing the environmental impact of dietary patterns, using EFA as the method of assessment, would need to take an approach which takes all factors into account - consumption, energy use, waste generation, land activity and land bio capacity. 

Authors such as Van den Bergh (2010) puts forward that the EFA does not include all relevant human impacts on the environment, including emissions of toxic substances, water pollution, acid rain ozone layer depletion, fragmentation of ecosystems and biodiversity loss. Similarly, Hevra et al., 2011) question the use of bio capacity when EFA is applied for not taking into account the consideration of toxic and hazardous waste pollutants.

Another measure used to calculate the environmental footprint of food production is the Life Cycle Assessment (LCA) (Macdiarmid et aI., 2011). LCA is a well-established method for assessing the environmental impact of a product or service; therefore the improvement and development of more sustainable diets can be worked towards by using this evaluation tool (Röös, 2013). A number of studies have shown the usefulness of the LCA method in assessing the environmental impact of products and services (Hertwich, 2005). The integrity of the analysis has contributed to the three main components: firstly, the determination of processes involved in the lifecycle of a product; secondly, the determination of environmental pressures such as emissions and use of resources; finally, the assessment of environmental impacts and aggregation of the impact indicators (Lo-lacono-Ferreira et al., 2016).

In light of the findings in literature, it would seem that advancements are required to reduce future impacts. These could come in the form of policies designed to discourage meat consumption through taxation and incentives (Goodland, 1997). Particular skepticism has been aimed at the increasing demand for animal products in high income countries (Steinfeld et al., 2006), therefore reducing the amount of meat consumed by more affluent members of society could lead to more equity in the distribution of food consumption, as well as environmental impact (Röös, 2013).












Methods

To manage organisations and systems in a sustainable way, it is necessary to know how well these systems are performing. Monitoring interactions between system agents is important, and many parameters - including emissions, resource and energy consumption, and usage patterns - must be measured (Lo-lacono-Ferreira et al., 2016). Individual analysis and assessment of these parameters is needed to assess their synergies (Azqueta and Delacamara, 2006). When considering dietary choices and the impact they may have on the environment, there are a number of factors to consider, that all relate to one another. These factors include: farming methods and practices, transportation methods of products, organic vs. non-organic, and intensive farming vs. non-intensive farming. Environmental impact analysis can be conducted to analyse the degree to which dietary choices can effect the environment (Rosi et al., 2017). This can be calculated for each process in the food chain, and all aspects can be considered by using the Life Cycle Assessment methodology. 

According to the definition of Life Cycle Assessment (LCA), there is a significant relationship between Ecological Footprint Assessment (EFA) and LCA, so much so that some authors defend the use of the standardised and detailed LCA process as a means to support the calculation of specific impacts accounted for in EFA (Castellani and Sala, 2012). Methodologically, LCA offers an opportunity to analyse and eliminate many of the drawbacks associated with EFA (Lo-lacono-Ferreira et al., 2016). Such drawbacks include lack of scientific rigour, inadequacy to make conclusions about environmental policies and limitations in only assessing issues related to global warming or bio capacity (Wiedmann and Barrett, 2010). Further, the LCA technique was developed to better understand and address the environmental impacts associated with particular products and services (International Organisation for Standardisation, 2006a). Due to it’s strict definition LCA is one of the most accepted tools for the study and measurement of environmental impacts (Lo-lacono-Ferreira et al., 2016).

Authors such as Rosi et al., (2017), González-García et al., (2018) and Baroni et al., (2007) discuss the use of LCA to analyse the impact of diets on the environment. In contradicting reviews, Rosi et al., (2017) suggest that LCA focuses on single foodstuffs or food groups which fails to reflect actual eating habits; whereas Baroni et al., (2007) state that a ‘comprehensive assessment of the impact of different dietary patterns’ can be carried out to calculate the impacts of several diets on the environment. González-García et al., (2018) somewhat agrees with Baroni et al., (2018) as they state that LCA is a widely used and standardised tool that can be used for the systematic evaluation of environmental aspects of a product, or indeed of a production system. They state that this can be done throughout all stages of a product’s life cycle, and is considered an ‘ideal instrument for assessing the environmental dimension of sustainability’ (González-García et al., 2018).

LCA analysis is largely based on hypothetical diets or average consumption of population groups. Using actual intakes rather than recommendations or model diets appears to be the best strategy in evaluating environmental impacts (Rosi et al., 2017). Inflows of natural resources (for example, energy, land and water) to the system, and outputs in the form of products, by-products, emissions and waste are calculated and quantified for each step in the life cycle. The process starts with raw material extraction and continuing through to manufacturing, use and finally ending with the disposal of the product (Röös, 2013). LCA can be used to carry out this assessment in an aim to be fully comprehensive, avoiding sub-optimisation and problem shifting (Röös, 2013).

To conduct this research, participants will be asked to record all food and beverages consumed over 7 connective days as per the investigation conducted by Rosi et al. (2017).  However, small changes will be made in the processing of the data, as in Rosi’s investigation, collected information was sent to the Department of Food Science of the University of Parma, which will not be possible for this study. Instead, the World Food LCA Database (Benoga et al., 2015) created by Quantis will be used. This database includes an inventory of agricultural products and methodological guidelines for the life cycle inventory. The inventory will provide data that can be used to calculate the LCA of food products, which can then be processed to calculate the environmental footprint of whole diets. Comparisons will then be possible between dietary patterns as a whole, and realistic changes can be highlighted that would reduce said environmental impacts of dietary patterns. 

In the framework of a LCA study, carbon footprint is used as an indicator of environmental impact that reflects the widely accepted need to reduce greenhouse gas emissions in an attempt to counteract the effects of climate change (González-García et al., 2018). LCA is standardised by the International Organisation for Standardisation (ISO) and the standard can be regarded as a framework (Röös, 2013) that can be used as guidance for structuring this study. The ISO (ISO 2006a, 2006b) sets out the following four phases:
Goal and scope definition-careful definition of the aim of the study
Inventory analysis-necessary input and output data needed for the study
Impact assessment-sorting of the previously identified input and output flows into different impact categories and characterising them into one common unit
Interpretation-results and evaluation
As well as these steps, Kruse (2010) states that there are ways to include social issues in an aim to provide a more comprehensive evaluation of a product; in this case, the product being a dietary pattern. Although the main aim of this study is to calculate environmental footprints of a variety of diets, it is also important to remember that the outcome, and indeed the dedication to accept and work to reduce environmental footprints, will come from people involved. Depending on findings, recommendations on how to reduce individuals ecological footprint will be suggested, rather than simply presenting results with no guidance on how to improve and reduce potential impacts. 

As the environmental impacts of food and food production are becoming more widely understood, a number of people in society are now trying to reduce their meat in-take, with activities such as ‘Veganuary’ and ‘Meat-Free Mondays’. With this consciousness in mind, this investigation will not use: meat eater, pescatarian, vegetarian and vegan as parameters, but rather: high meat eaters (≥100 g/d), medium meat eaters (50-99 g/d), low meat eaters (<50 g/d), fish eaters, vegetarian and vegan (Scarborough et al., 2014). 






Results

Farming and agriculture produce emissions from energy consumption, transport and the post-farm process; however emissions directly from naturally occurring, biological processes from fertilisation and ruminant animals dominate the overall emissions (Röös, 2013). Live stock products generally have a considerably larger carbon footprint than plant-based foods (EC, 2006). Foods such as: beef, lamb and cheese have exceptionally high carbon footprints due to the methane released from enteric fermentation in ruminants (Röös, 2013). In contrast to this, meat from mono gastric animals such as pigs and poultry show considerably lower carbon footprint values, but still have higher values than most plant-based foods (Röös, 2013). Similarly, high carbon footprint values have been found for plant-based foods that have been heated in greenhouses, transported by air or produced in low-yielding systems (Stoessel et al., 2012).

The carbon footprint of different food products is variable, and variability can also been seen for the same product if there are differing production systems (Röös, 2013), which may be found in different countries. Therefore, it is recommended that further research in this field pays particular attention to this, and possibly sets out ways to account and adjust for this. For this study the Quantis database will be used to account for and eliminate the variabilities.

Although greenhouse gas emissions have been studied in relation to dietary patterns and food production, the assessment of other indicators such as water consumption and land use demand have not been as extensively studied in relation to populations and dietary choices (Rose et al., 2017). It could be suggested that finding a way to incorporate these into measurements would make findings more comprehensive, and give a more rounded view of the environmental impacts of dietary patterns (Lo-lacono-Ferreira et al., 2016).

The food system is considered one of the most prevalent when discussing negative environmental impacts, mainly associated with greenhouse gas emission, water requirements and land use (Friel et al., 2009; Tukker et al., 2011; Wolf et al.,2011; Gustafson et al., 2016). Goodland (1997) suggests that environmental impact of plant and animal species increases along the food chain. To reduce environmental impact, the consumption of foods of animal origin should be reduced, and foods of plant origin should be increased (Stehfest  et al., 2009; Thaler et al., 2015). Therefore, when considering a sustainable future food pattern, a shift from a meat-based to a plant-based diet could be the answer (Garnett, 2011; Perignon et al., 2017).

















Evaluation

Not only in Europe, but worldwide, there is a growing interest in adopting healthy, sustainable diets (González-García et al, 2018). In order to do this, research needs to advance to the next level. This could be achieved by calculating the environmental impacts of diet styles to create a more comprehensive approach rather than a short-sighted focus on single dietary components (Rosi et al., 2017). 

A comprehensive approach to reporting the relative sustainability’s of diets needs a comprehensive approach to analysis. This would be achievable using the LCA approach. In the framework of a LCA, carbon footprint is considered as the ‘fight against the effects of climate change’ (González-García et al, 2018). Given the current and growing concern about the effects of climate change, great prevalence is placed on finding ways to reduce and rectify effects.

In order to improve recommendations on environmental impact of dietary patterns, more thorough research should be carried out to demonstrate the exact capability of dietary patterns on overall environmental impact (Rosi et al., 2017). One common belief is that plant-based diets are more environmentally sustainable than diets that contain food of animal origin (Vieux et al., 2012; Reijnders and Soret, 2003). However, it is not realistic to expect entire populations to switch to a completely vegan diet. Research into this area is important so that consumers can be advised on the best way to approach making diets more sustainable and environmentally friendly. 
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