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ABSTRACT
In combination with technical advances in agriculture, human dietary change is suggested to be necessary to reduce the environmental
impact of the food system. In this paper a systematic review, assessing the climate and land use impacts of dietary change, is performed.
The aims are to evaluate the scientific basis of dietary scenario analysis and to estimate the potential of reducing greenhouse gas emis-
sions and land use demand by changing the composition of the diet. The review includes 14 peer-reviewed journal articles and in total 55
scenarios assessing the greenhouse gas emissions and land use demand of different diets. The results suggest that dietary change, in areas
with affluent diet, could play an important role in reaching environmental goals, with up to 50% potential to reduce greenhouse gas emis-
sions and land use demand of the current diet.
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1. Introduction

Global food production, accounts for around 30% of total anthropogenic greenhouse gas emissions (GHGE),
occupies more than a third of the world’s land surface (Garnett 2011), and is identified as a great threat to the
environment (EC 2006). In combination with technical advances in agriculture, changes towards more sustaina-
ble eating patterns are suggested to be a necessary to meet environmental targets (Garnett 2011).

Knowledge of sustainable food consumption is increasing with the growing number of environmental and life
cycle assessments of foods, meals, and complete diets. A method commonly used to assess the impact of differ-
ent dietary patterns is dietary scenario analysis. The methodological approach of dietary scenario analysis can
have decisive effect on the final results. To draw general conclusions on which dietary changes that can promote
a development towards more sustainable food consumption, therefore, requires that results from several studies
are analyzed and compared. However, so far, few syntheses of studies assessing the environmental impact of diet
have been performed.

To synthesize the state of knowledge, this paper provides a systematic review of research articles which as-
sessed the environmental impact of dietary scenarios. The objectives are to: i) evaluate the scientific basis of
scenario analyses assessing the impact on GHGE and land use demand (LUD) of human dietary change, ii) esti-
mate the potential of reducing GHGE and LUD via dietary change and iii) identify current gaps of knowledge.
The paper can be used as an overview of the state of knowledge and evidence base of sustainable food consump-
tion in the year of 2014.

2. Method
2.1. Literature search strategy

In order to ensure scientific quality and minimize the risk of bias, the study design and analysis of this review
follows the PRISMA Statement protocol (Moher et al. 2009).

The literature search was performed in February 2014 with the use of Web of Knowledge (ISI), Scopus and
Google Scholar. To assess the effect of human dietary change on GHGE and LUD, the terms: ‘diet’ or ‘food’
and ‘scenario’ were combined with the terms ‘climate’ or ‘greenhouse gas’ or ‘land’ or ‘sustain®’. In addition,
related and relevant articles found in reference lists were reviewed. Articles included in this review meet the fol-
lowing six inclusion criteria: i) English-language publications; ii) published between 2005 and February 2014;
iii) dietary scenario analysis is performed for a complete diet; iv) quantitative estimates of the effect on GHGE
and/or LUD of human dietary change are provided; v) published in peer-reviewed scientific journals; vi) results
are compared against reference scenarios of current (1990-2010) average food consumption in a specified popu-
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lation. Determination of articles that meet the inclusion criteria was made based on information available in titles
and abstracts of the articles. In total, 14 articles that fulfilled the inclusion criteria were identified (Fig 1).

Acrticles identified in Articles identified Acrticles identified
Web of Knowledge in Scopus in Google Scholar

Additional searches
of related articles
and citations Articles screened
for inclusion
criteria

Final number of articles
included in the review

Figure 1. Literature search and selection of articles in the review

2.2. Synthesis of results

Depending on the dietary composition, scenarios were categorized into healthy diets, diets in which meat is
partially replaced by plant-based foods/mixed foods/dairy products, diets in which all ruminant meat is replaced
by pork and poultry, diet with balanced energy intake, vegetarian diets and vegan diets. The potential to reduce
environmental impact is reported as the relative change in GHGE, expressed as tons of carbon dioxide equiva-
lents (tCO2€) per person per year, and LUD, expressed as square meter (m?) per person per year, compared to the
reference scenarios used in the respective studies.

3. Results
3.1. Located literature

In total, 14 articles that fulfil the inclusion criteria were identified in this assessment. Out of these 14 articles,
two investigated both the effect on GHGE and LUD, two the impact of LUD only, and ten the impact of GHGE
only. Five articles were published between 2009 and 2011, and nine articles between 2012 and Feb 2014 (Table
1).

In the majority of the studies the main focus is on the environmental impact of reducing or changing the con-
sumption of meat and animal-based food (Table 2). In all articles except for Pathak et al. (2010) the effect of die-
tary change is studied in European populations characterized by having an affluent diet.

3.2. Potential to reduce GHGE

The impact of dietary change on GHGE from the diet is summarized in Table 2. Completely avoiding all an-
imal-based products (vegan diet) or all meat (vegetarian diet) provides the largest potential for reducing GHGE
from the diet, followed by scenarios of replacing ruminant meat by pork and poultry and eating a healthier diet.
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3.3. Potential to reduce LUD

The impact of dietary change on LUD from the diet is summarized in Table 2. According to the results, a
change to vegan or vegetarian diets has the largest potential to reduce the demand for agriculture land, followed
by changing to a healthier diet and diets in which meat is partially replaced by plant-based food.

Table 1. Articles included in the review

Author Publication year Environmental
indicator
Van Dooren et al. 2014 GWP, LU
Hoolohan et al. 2013 GWP
Saxe et al. 2013 GWP
Temme et al. 2013 LU
Aston et al. 2012 GWP
Berners-Lee et al. 2012 GWP
Macdiarmid et al. 2012 GWP
Meier and Christen 2012 GWP, LU
Vieux et al. 2012 GWP
Fazeni and Stenmiiller 2011 GWP
Tukker et al. 2011 GWP
Arnoult et al. 2010 LU
Pathak et al. 2010 GWP
Risku-Norja et al. 2009 GWP

Table 2. Summary of results

Scenario Reduction of GHGE  Reduction of LUD
(%)° (n) (%0)° (n)
Vegan diet 25-55 6 50-60 3
Vegetarian diet 20-55 9 30-50 2
Meat partially replaced by plant-based food +5-0 2 15 1
Meat partially replaced by dairy products 0-5 2 - 0
Ruminant meat replaced by monogastric meat 20-35 2 - 0
Meat partially replaced by mixed food 5 2 - 0
Balancing energy intake and expenditure 0-10 2 - 0
Healthy diet 0-35 19 15-45 5

agffect of dietary change on GHGE from the diet, in % of reduction in GHGE of current average diets. "Effect of dietary change on LUD,
in % of reduction in total demand of agriculture land of the average diet. n = number of scenarios. “+” indicate an increase in GHGE alt.
LUD.

4. Discussion

This review is, to our knowledge, one of the first to systematically assess the current state of knowledge of
the environmental impact, expressed as changes in GHGE and LUD, of dietary change. The review includes
peer-reviewed journal articles published over the past ten years.

4.1. Scientific basis

This review located 14 articles that met the inclusion criteria defined in this review. In accordance with what
has been shown in Heller et al. (2013), this study illustrates that life cycle assessments (LCASs) of food is an ex-
panding research field. Nine of the articles were published during just the two last years. Although there are still
gaps in knowledge, the increased number of publications in this area has significantly contributed to a better un-
derstanding of sustainable production and consumption of food.

4.2. Potential to reduce GHGE
The results show that the potential to reduce GHGE from food consumption through dietary change can be

substantial in regions with affluent diets. The reduction potential seems mainly to be dependent on the amount
and type of meat and animal products included in the diet. Diets in which all meat and/or meat products are re-
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moved have the lowest GHGE. However, a healthier diet including meat can, according to the results, reduce the
GHGE of the diet up to 35%. The impact is, however, largely dependent on what is considered to be a healthy
diet, and in five of the 19 healthy dietary scenarios the reduction potential is less than 10%. The amount of red
meat, and especially ruminant meat allowed in the healthy diets seem to be the decisive parameter for the climate
impact of the diet. Another reason why the results vary is that some of the healthy dietary scenarios are based on
organic production, which may lead to increased GHGE compared to conventional production system (Saxe et
al. 2013). The difference in climate impact between different types of meat is also demonstrated by the results
from the studies including scenarios where meat consumption is reduced or changed. Replacing all ruminant
meat by poultry and pork can reduce the GHGE by up to 35%. Moderate reduction (up to 20%) in total meat in-
take (including white meat), in contrast, seems to have a negligible effect. In addition, the climate impact of the
diet is, to a large extent, dependent on which foods that replace the meat, therefore, consumption of meat substi-
tutes with high climate impact, such as cheese and air transported fruit and vegetables, should be restricted
(Carlsson-Kanyama and Gonzalez 2009). Only eating necessary amounts of food has been identified as another
priority measure to reduce GHGE from the diet (Garnett 2011) that also would be beneficial for health. Balanc-
ing the energy intake and expenditure can, according to the results in this review, reduce the climate impact of
the diet by 0-10%, depending on the assumed energy requirements.

The GHGE from the reference scenarios, i.e. the current average diets in the studied populations, ranged from
0.9-1.7 and 1.5-3.2 tons (1.0 tons for Indian diet) of CO.e per capita per year in the studies accounting for emis-
sions up to farm gate and retail, respectively. The annual GHGE for the average EU citizen are around nine tons
of CO.e (EEA, 2012), which means that food consumption is responsible for about 15-35% of the total climate
impact. Based on the these figures, the potential to reduce the total per capita GHGE through dietary change is
about 3-20% for a transition to a vegan or vegetarian diet and up 12% by a transition to either a healthier diet
with restricted intake of red and ruminant meat, or a diet in which the meat content partially been reduced and/or
red or ruminant meat has been substituted by white or monogastric meat.

4.3. Potential to reduce LUD

Also the potential to reduce the LUD from the diet through dietary change may be considerable. It should,
however, be kept in mind that the impact on LUD in this paper is based on only four articles. The potential to re-
duce the LUD of the diet appears to be largely dependent on the amount of ruminant meat consumed. Substitut-
ing all meat with plant-based food can, according to the results, reduce the land demand from the diet by up to
60%. According to Audsley et al. (2010) a replacement of 75% of the ruminant meat with pork and poultry can
reduce the land demand by 40%. Replacing half of the consumption of pork and poultry with plant-based food
would, on the contrary, only reduce the LUD by 5%. A healthy diet including meat may therefore also have a
large potential to free land, if the consumption of red meat is limited. Diets including ruminant meat have previ-
ously been suggested to increase the number of people that can be fed from the same land area compared to ve-
gan diets up to the point that land limited to pasture and perennial forages has been fully utilized (Peters et al.
2007). However, maximum output of food is necessarily not the primary objective, given that released land also
can be used for bioenergy production, for example (Fazeni and Steinmiller 2011). Either way, as will be dis-
cussed further, differentiation between types of land is essential to fully understand the effect of diet on LUD.

The LUD of the reference dietary scenarios ranged from 1400-2100 m? per capita. This can be compared to
the current global per capita availability of agriculture land which is about 7000 m? (divided between approxi-
mately 30% arable land and 70% pasture) if global croplands are assumed to be distributed equally across the
population.

4.4. Identified research gaps
4.4.1. Differentiation on individual, regional and social level

The general approach to study the impact of dietary choices by using scenario analysis is to use a reference
scenario based on the average per capita consumption in the population studied. Since consumption patterns and

nutritional requirements differ depending on, for example, gender, age and physical activity level, it would be
interesting to see more research on specific groups of the population. It is also noteworthy that all articles re-
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viewed, except one, study the impact of dietary change in European countries/regions characterized by having
affluent diets. To understand the impact of dietary change in a broader and global perspective similar studies are
required in countries/regions with different habits, culture and conditions.

4.4.2. Differentiation of plant-based scenarios

Previous findings suggest that that plant-based food consumption based on self-selected diets tend to have a
higher climate impact compared to plant-based consumption in hypothetical scenarios (Vieux et al. 2012). In
plant-based hypothetical dietary scenarios, meat is often replaced by unprocessed foods such as pulses, cereals,
salads, vegetables, fruit, nuts and seeds. Vegetarian diets are in general characterized by a higher proportion of
these food groups (Craig 2010; Key et al. 2006), however, processed plant-based meat substitutes (e.g. processed
soy, quorn, tofu, and tempeh) represent an increasingly important component of modern plant-based diets. The
environmental impact of such processed vegetarian meat substitutes has so far only been investigated in a limited
number of studies (Blonk et al. 2008; Davis et al. 2010; Finnagan 2010a; Finnigan et al. 2010b; Leuenberger et
al. 2010; Nijdam et al. 2012; Nonhebel and Raats 2007; Xueqin and lerland 2004). The results indicate that these
products may have relatively high energy demands due to the higher degree of processing but a lower climate
and overall environmental impact, in comparison to most types of meat. Few of the reviewed articles specify that
these types of processed meat substitutes are included in the dietary scenarios. The potential and limitations for
reducing the environmental impact of the diet through increased consumption of this group of food products re-
quires further analysis.

4.4.3. Differentiation of agricultural land

Current global food supply is mainly dependent on cultivated land (Johansson 2005) why the pressure on ag-
ricultural land is especially intense on cropland. Previous studies indicate that dietary change, in particular, has
the potential to free pasture land (Hallstrom et al. 2011). Of the land released through reductions and changes in
meat consumption, for example, only 5-10% is estimated to consist of cropland (Hallstrém 2013). Others suggest
that replacing beef with pork and poultry even may increase the total demand of cropland (Audsley et al. 2010).
A net gain in cropland is also not obvious if consumption of dairy products is replaced by plant-based food or
when monogastric meat is replaced by processed vegetarian meat substitutes (Audsley et al. 2010; Stehfest et al.
2009).

If the distinction is not made between different types of land, there is thus a risk of overestimating the land
areas suitable for agriculture that can be released by reducing ruminant meat consumption as only a limited share
of pasture land is suitable for cultivation. To avoid a situation where demand for agriculture land is exported to
other countries where it might increase the risk for deforestation and other negative impacts connected to in-
creased land use pressure, it may also be of interest to in a greater extent distinguish between domestic and for-
eign land use in dietary scenario analysis.

4.4.4. Accounting for uncertainty

Despite the knowledge of the uncertainty related to environmental and life cycle assessments, the environ-
mental impact of dietary scenarios is in general reported in absolute numbers without standard deviations. This is
guestionable as it makes it difficult to evaluate the reliability of the results. According to the ISO standard, the
interpretation phase in LCAs should include an evaluation of the completeness, sensitivity and compliance of the
analysis (ISO 2006). This is required in order to help the reader to determine what conclusions can be drawn
from the results and would be useful also in dietary scenario analysis.

4.5. Strengths and limitations
To minimize bias, this review includes only peer-reviewed journal articles selected by the use of predefined
inclusion criteria. The aim has been to assess the articles with a high level of objectivity and transparency. A

limitation with the study is that only a small number of articles which met the inclusion criteria were located.
The limited number of articles can partly be explained by the novelty of the research field but is also due to the
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narrow inclusion criteria which excluded several relevant articles (Audsley et al. 2010; Eshel and Martin 2006;
Kastner 2012; Macdiarmid et al. 2011; Marlow et al. 2009; Westhoek et al. 2011; Popp et al. 2010; Powell and
Lenton 2012; Wirsenius et al. 2010; Stehfest et al. 2009). Relevant publications and data would perhaps also be
found in non-English publications.

In this review, the majority of articles which quantify GHGE from the diet exclude emissions coming from
direct and indirect land use change. The exceptions are Meier & Christensen (2012) and Holohan et al. (2013)
who include GHGE from deforestation resulting from livestock supply chains. Greenhouse gas emissions from
direct and indirect land use change are suggested to have substantial impact on the climate impact from agricul-
tural products (Cederberg et al., 2011; Ponsioen and Blonk, 2012; Schmidinger & Stehfest, 2012), which means
that the results on GHGE in this review may be underestimated.

The climate impact of diet is quantified based on the global warming potential (GWP) of GHE. In the fifth
IPCC assessment report published in 2013 (Myhre et al. 2013) the GWP of methane over a time horizon of 100
years was increased from previously 25 to 34 kg CO.e per kilograms of emissions. This review includes articles
published before the new IPCC report was published and therefore use the lower GWP for methane in their cal-
culations. This means that the climate impact of diets containing ruminant meat is likely to be higher than the re-
sults shown by this review.

In this paper the environmental impact of dietary scenarios is assessed only based on the emissions of GHGE
and demand of agriculture land. These aspects can often, but not always, serve as indicators of other environ-
mental impact categories such as eutrophication, acidification and loss of biodiversity (Rockstrém et al. 2009;
R&0s et al. 2013; van Dooren et al. 2014). However, for a full assessment of the environmental impact of the diet
other environmental impact categories also have to be included. Within the wide concept of sustainable food
production and consumption also several other aspects, of ecological, social and economic dimensions are in-
cluded (FAO 2013). These aspects, however, go beyond the scope of this paper. In future studies interdiscipli-
nary and holistic assessments of the diet which include more sustainability aspects are required.

5. Conclusion

This systematic review evaluates the potential of dietary change as a measure for more sustainable food sys-
tems. The results suggest that dietary change, in areas with affluent diet, can play an important role in reaching
environmental goals, with up to 50% potential to reduce GHGE and LUD of the current diet. The reduction po-
tential mainly depends on the amount and type of meat included in the diet but also on the environmental per-
formance of the food substituting meat. In future research interdisciplinary and holistic assessments of the diet
including more sustainability aspects are required. Improved knowledge is also needed on the uncertainty in die-
tary scenario studies, the environmental impact of substitutes and complements to meat, and the effect of dietary
change in different groups of populations and geographical regions.
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