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Abstract: The agrifood system holds the key to identifying potential transformative pathways to 15 
achieve prosperity for all within the limits of the planet’s natural resources, thereby fostering a 16 
safe and just operating system (SJOS) for future generations. The agrifood system is currently not 17 
on the right track to meet this ambition. Food-consumer processes such as preference shifts 18 
toward healthy diets and substantial reductions in food losses and waste could help to avoid 19 
severe environmental degradation and decrease overall mortality, although it remains unclear 20 
whether such transitional developments are entirely compatible with socially responsible 21 
thresholds. In this paper, we conduct a scoping review approach to map the evidence on the 22 
underlying drivers of such demand-side processes in the context of a SJOS with the aim to provide 23 
insights on how to transform the EU agrifood system. This review specifically examines how 24 
consumer aspects influence the SJOS, rather than exploring the bidirectional relationship. We used 25 
a scoping review approach to select relevant studies. The selected papers were subjected to 26 
quantitative and qualitative analyses. As a result,  we extract insights and draw lessons from the 27 
role of food-consumer processes in the transition toward a more SJOS for the agrifood system.  28 

Keywords: Dietary shifts, Food waste reduction, Scoping review, Safe and Just Operating Space 29 

JEL classification: Q11, Q13, D11 30 
 31 

1. Introduction   32 

The global food system poses major challenges to environmental sustainability and 33 
social justice. It contributes heavily to climate change, resource depletion, and 34 
persistent inequalities (Raworth 2017; Dearing et. al., 2014). The Safe and Just 35 
Operating Space (SJOS) framework addresses these challenges by defining 36 
boundaries that promote both environmental health and social equity. The combined 37 
focus on safe and just spaces resulted in the definition of a SJOS , visually represented 38 
as a Doughnut (Figure 1). This Doughnut encompasses both the ecological 39 
boundaries of the Earth System, which cannot be exceeded, and the social 40 
foundations essential for humanity, which must be met. Given the extensive impact 41 
of food systems on planetary and human well-being, achieving SJOS goals is 42 
imperative. 43 

The SJOS framework monitors critical planetary boundaries (climate change, ocean 44 
acidification, freshwater use, biodiversity loss, pollution) and social foundations. 45 
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Social foundations ensure basic human needs and rights are met, including food 46 
security, health, education, income, energy access, water access, jobs, resilience, social 47 
equity, gender equality, and voice (Raworth 2017). The environmental and social 48 
domains of the SJOS are deeply interconnected, highlighting the need for integrated 49 
solutions that promote both planetary health and human well-being. 50 

To understand the intricate dynamics of agri-food systems, we must analyze both 51 
supply-side and demand-side factors. This scoping review concentrates on the 52 
demand side investigating how consumer choices and behaviors connect with the 53 
objectives of a Safe and Just Operating Space (SJOS). While this review identifies 54 
potential policy interventions to promote a safe and just agri-food system, it does not 55 
explicitly analyze their integration within the agri-food system transitions. The scope 56 
is deliberately limited to the impact of consumer choices on SJOS, and does not 57 
encompass the complex feedback mechanisms inherent in the bidirectional 58 
relationship between SJOS attributes and consumer behavior.  59 

For our conceptual framework, we utilize the Doughnut model (Figure 1), which has 60 
proven effective in visualizing actions that are both environmentally sustainable and 61 
socially equitable. This model has been widely adopted by policymakers and 62 
scientists alike (e.g., Custodio et al., 2023). 63 

This scoping review centers on two critical aspects of food-consumer aspects of the 64 
agri-food system transitions toward SJOS: ‘dietary choices ‘and ‘food waste’ patterns. 65 
To achieve SJOS targets, we must understand consumer behavior as it drives dietary 66 
choices and food waste patterns (Quested et al., 2013). Research substantiates that 67 
shifting diets towards plant-based foods significantly improves environmental health 68 
and human well-being (Tilman & Clark, 2014). Conversely, rising consumption of 69 
animal products exerts unsustainable pressure on planetary resources, exacerbating 70 
environmental challenges (Alexandratos & Bruinsma, 2012). Food waste is a 71 
significant source of inefficiency in the food system, and interventions across the food 72 
chain are vital to reduce its impact and promote the equitable use of resources 73 
(Gustavsson et al., 2011; Papargyropoulou et al., 2014).  74 

We have selected ‘climate change’, ‘biodiversity’, ‘health’, and ‘economy’ (using local 75 
food systems as a proxy) as the primary SJOS thematic areas and indicator domains 76 
that are affected by diet. In addition, we review food waste patterns using the SJOS 77 
thematic areas and indicator domains of ‘food and nutrition security’, ‘climate (and 78 
broader sustainability)’, and ‘economy’. 79 

This review has two central aims. First, it seeks to identify and synthesize key 80 
concepts and themes emerging from studies focusing on the impact of dietary choices 81 
and food waste patterns on various sustainability dimensions. This includes 82 
examining how the relationship between food consumption and sustainability has 83 
been defined, theorized, and studied over time. Second, the review will address 84 
specific research questions: How do studies identify and measure the impacts of 85 
dietary choices and food waste? What policy interventions aim to change consumer 86 
behavior around food, and how effective is the evidence supporting them? What are 87 
the main challenges and limitations in current research on this topic?  By achieving 88 
these aims, we will provide a clearer understanding of the current state of knowledge 89 
on how consumer food-related behaviors influence sustainability outcomes, and 90 
highlight areas for further research. 91 

Our initial literature search identified a substantial volume of articles across various 92 
SJOS areas. Food waste emerged as the most prevalent topic, with over 3000 articles 93 
retrieved. Biodiversity (958 articles), climate change (2080 articles), and local food 94 
systems (305 articles) also yielded a significant number of results. Human health was 95 
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represented with a smaller but still notable number of articles (167). From these initial 96 
pools, we scanned 200 biodiversity articles, 262 climate change articles, 75 local food 97 
system articles, 144 food waste articles, and 51 human health articles. Of these, we 98 
conducted a focused review process on a selection of the retrieved articles: 15 99 
biodiversity articles, 34 climate change articles, 23 local food system articles, 96 food 100 
waste articles, and 33 human health articles. This section summarizes the identified 101 
key concepts and the major themes and trends in this in-depth review process 102 
(questions 1 and 2 from the review questionnaire presented in Supplementary 103 
material Appendix 1). The following key themes and trends emerged from the papers 104 
included in this scoping review. 105 

     Diet and Climate Change 106 

Rising climate change concerns have pushed many countries to prioritize reducing 107 
greenhouse gas emissions (GHGEs) (Auestad & Fulgoni, 2015; García-Muros et al., 108 
2017; Bonnet et al., 2018; Caillavet et al., 2019; Tiboldo et al., 2022). Agriculture, 109 
particularly livestock production (especially ruminants), is a major GHGEs 110 
contributor (Wirsenius et al., 2011; Caillavet et al., 2016, 2019; FAO, 2017; Bonnet et 111 
al., 2018, 2020; Tiboldo et al., 2022). Growing demand for animal products threatens 112 
to dramatically worsen agriculture's climate impact (Wellesley et al., 2015; Bonnet et 113 
al., 2018; Caillavet et al., 2019; Hedenus et al., 2014). This has led to increased focus on 114 
the environmental benefits of plant-based (PB) diets, which have lower resource 115 
intensity compared to animal-based (AB) foods (Clark & Tilman, 2017; Clune et al., 116 
2017; Fresán et al., 2019; Bonnet et al., 2020). 117 

Research shows a strong link between diets with lower climate impact and better 118 
nutritional profiles (Hallström et al., 2014; van Dooren et al., 2014; Xia et al., 2023). 119 
Studies consistently demonstrate that substituting AB foods with PB alternatives 120 
improves environmental performance (reduced GHGEs) without compromising 121 
nutrition. Ruminant meats have the highest environmental impact, making their 122 
reduction a key sustainability strategy. Policymakers must consider a comprehensive 123 
approach, balancing nutritional value with the total emissions of a diet (Röös et al., 124 
2015; Burgaz et al., 2023). 125 

To address this challenge, there's growing support for policies that discourage high-126 
impact foods and promote nutritious, lower-emitting options. Market-based 127 
approaches (Pigouvian taxes/subsidies) and informational tools (Arrieta and 128 
González 2018; Bryngelsson et al., 2016; Deckers 2010; Huan-Niemi et al., 2020; van 129 
Dooren et al., 2018; Xiong et al., 2020) have been explored. However, informational 130 
campaigns (e.g., carbon labels) show limited long-term impact on consumption 131 
patterns and GHGEs reduction (European Commission, 2012; Edjabou and Smed 132 
2013; Elofsson et al., 2016). 133 

Consequently, attention has shifted to the potential of carbon taxes on food 134 
consumption to reduce GHGEs from the agri-food system (e.g., Wirsenius et al., 2011, 135 
Edjabou and Smed, 2013). However, carbon taxes can have unintended consequences 136 
on consumer health by affecting diet composition (Briggs et al., 2013; Caillavet et al., 137 
2019). Moreover, they might be regressive, disproportionately burdening low-income 138 
consumers (García-Muros et al., 2017; Caillavet et al., 2019; Tiboldo et al., 2022). The 139 
results from the current review shed light on the complexity of achieving 140 
convergence between environmental, nutritional, and social equity goals through 141 
carbon taxation (Bonnet et al., 2020). 142 

  143 
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 144 

Diets and biodiversity  145 

The relationship between food systems and biodiversity is a critical area of study 146 
within environmental science and sustainability research. The global food system is 147 
widely recognized as a major driver of biodiversity loss, with food production 148 
playing a significant role in shaping land use, habitat conversion, and ecosystem 149 
degradation (Campbell et al., 2017; IPCC, 2019). While there is extensive literature 150 
documenting the environmental consequences of food production systems, studies 151 
exploring the effects of consumer behavior to biodiversity loss and researching the 152 
potential of dietary shifts to reduce biodiversity loss are recent phenomena in the 153 
scientific literature.  154 

Higher incomes and the so-called ‘westernization of diets’ often result in higher 155 
consumption of animal-based foods that have much larger negative environmental 156 
effects, including biodiversity impacts, as compared to plant-based foods (Díaz et al., 157 
2019). As a result of these processes combined with the  projected global population 158 
and its income growth, food demand is also likely to continue growing, especially for 159 
animal based foods (FAO, 2018; OECD/FAO, 2021) This will lead to further 160 
biodiversity loss unless there is a profound change in the food systems (Leclère et al., 161 
2020; Visconti et al., 2016). Consequently, the potential of dietary shifts to mitigate 162 
biodiversity loss has gained attention in recent years.  163 

Diet and Human Health  164 

The effect of diet on human health is well established in food science. There are many 165 
longitudinal studies that monitor the diet of people and their health status over a 166 
long period of time. Global Burden of Diseases of Lancet Institute publishes meta-167 
analysis of such studies. The outcome of these studies shows that there is a stable 168 
relationship between diet and health outcomes (Brauer et al., 2024). Elaboration on 169 
the exact relationship between diet and the health outcomes is out of scope of this 170 
paper but in the following we will point out the most important findings and trends 171 
in the literature. 172 

The reviewed literature overwhelmingly demonstrates a global dietary shift away 173 
from minimally processed, whole foods toward highly processed, convenience-174 
oriented food products. This trend, influenced by urbanization, income changes, and 175 
evolving employment patterns, is strongly associated with decreased consumption of 176 
nutrient-rich foods and increased reliance on animal-source products. In adolescence, 177 
this dietary shift is intertwined with complex social, cognitive, and emotional 178 
changes (Sinai et al., 2021). Research indicates that dietary patterns established at this 179 
critical stage have significant long-term health consequences, including increased risk 180 
of obesity and chronic diseases (Sinai et al. 2021; Yusuf et al., 2020). 181 

Diet and Local Food Systems 182 

Local food, or locally produced food, does not have a unified and highly consensual 183 
definition (Brune et al., 2023). It can refer to the food produced in the same county, 184 
region, or state where it is consumed or produced within a certain distance from the 185 
marketing outlet. It can also refer to the food that is directly purchased from farmers. 186 
In most studies, local food is the food that is produced and consumed within a certain 187 
geographical area, like a village, county, city, or state. Local food is part of the local 188 
food system LFS (Local Food Systems) which comprises production, distribution, and 189 
consumption of local foods. Another concept that rhymes similarly but is distinct is 190 
the short food supply chain (SFSC). SFSC usually refers to the reduced numbers of 191 
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intermediaries between consumers and producers. It is more concerned with the 192 
distribution and sale channels and less with local food consumption as is understood. 193 

Local food systems, which rely on small farms, are considered more reliable and 194 
resilient compared to the global food system, Stephens et al., 2020. The European 195 
Commission in the “Farm to Fork Strategy' of 2020 praises short food supply chains 196 
which rely less on long haul transportation infrastructure. Local food systems are also 197 
considered a more equitable food system compared to other ones, Allen (2010). Local 198 
food systems are believed to have socioeconomic, environmental and health benefits. 199 
From an economic point of view, consuming local foods generates a demand for local 200 
producers and therefore contributes to local employment. An increase in local 201 
employment in turn increases residents' income. The positive effect on employment 202 
has spillovers in the social safety and wellbeing of counties. Local food systems are 203 
considered to be environmentally friendly as the food travels less, consumes less 204 
energy for preservation and storage and requires less use of pesticide and fertilizer. 205 
Finally, consuming local food can be a healthy choice as local foods are usually 206 
fresher and less processed than imported foods if local producers adhere to the 207 
quality standards in the production process. 208 

Despite many advantages, local food systems have their own limitations. First and 209 
foremost, local food systems might not always be viable in terms of capacity and 210 
affordability. For example, Kinnunen et al., 2020 estimate that only about 11-28 211 
percent of the global population are able to acquire their demand for specific crops 212 
from a 100 kilometer radius. The reason is that large food producers with global 213 
reach often outcompete local and small food producers in terms of price and 214 
availability. In addition, local fresh food is not necessarily superior to processed food 215 
in terms of nutritional value (Miller and Knudsen (2014); Rickman et al., 2007). 216 
Finally, relying on local food systems might result in over extraction of natural 217 
resources such as fresh water and land resources.  218 

Overall, local food systems are a promising venue that positively contributes to the 219 
local communities but cannot be regarded as a substitute for non-local food systems. 220 

Diet and Food waste 221 

Researchers use various terms like "postharvest loss," "food loss," "food waste," and 222 
"food loss and waste" (FLW) to describe various aspects of a shared issue (Schuster 223 
and Torero, 2016). This lack of a unified definition complicates measurement, 224 
comparisons, and policy recommendations (Xue et al., 2017, Corrado and Sala, 2018). 225 
FLW occurs throughout the food supply chain,threatening food security, 226 
sustainability, and raising moral concerns, with the largest proportion occurring at 227 
the consumption level (Reynolds et al., 2020). In both developed and developing 228 
countries, it contributes to hunger, lower income, reduced food quality and safety, 229 
and the depletion of natural resources. 230 

The issue of food waste has become multifaceted, attracting scholars from various 231 
disciplines who seek to understand its causes, quantify its magnitude, and explore its 232 
consequences .In the context of a SJOS framework, addressing food waste at the 233 
household consumption level becomes crucial. Consumer-level food waste directly 234 
impacts several planetary boundaries, including climate change, land use, freshwater 235 
use, and biochemical flows, by contributing to unnecessary greenhouse gas 236 
emissions, inefficient land use, water wastage, and excessive nutrient flows (FAO, 237 
2013). Moreover, food waste exacerbates social issues such as food insecurity and 238 
inequality. Addressing household food waste is very important within the SJOS 239 
framework, ensuring that human activities do not surpass environmental limits while 240 
promoting social equity and food security. 241 

D
ow

nloaded from
 https://academ

ic.oup.com
/qopen/advance-article/doi/10.1093/qopen/qoae030/7875308 by C

entro de Investigación y Tecnología Agroalim
entaria de Aragón- Biblioteca user on 18 N

ovem
ber 2024



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

 

The rest of the paper is organized as follows. Section 2 details the methodology 242 
employed for the search and review of relevant articles. Section 3 presents the 243 
primary findings from the review process regarding the relationship between diet 244 
and the selected  SJOS indicator domains. Section 4 discusses the key interpretations 245 
of the overall results, research limitations, future directions, policy implications, and 246 
recommendations. Finally, Section 5 offers a concise summary and the main 247 
conclusions drawn from the review. 248 

2. Methods  249 

We used a scoping review approach to systematically synthesize the literature on 250 
impact of dietary choices and food waste patterns on a selection of SJOS indicator 251 
domains (see Section 1). This review employs a unidirectional analytical approach, 252 
specifically investigating how consumer choices affect various SJOS dimensions. The 253 
bidirectional relationship, wherein SJOS attributes influence consumer preferences, 254 
falls outside the scope of this analysis. The aim of a scoping review is to determine 255 
the size, extent and nature of the literature related to a given topic as well as to 256 
determine possible gaps in that literature (Tricco et al., 2018). This method is 257 
especially valuable for studies like ours, where the goal is to provide an overview of 258 
evidence within a diverse research area.  Traditional systematic reviews, which focus 259 
on answering a specific research question, are less suitable for such heterogeneous 260 
fields (Munn et al., 2018). 261 

We used the methodological framework proposed by Peters et al., (2015) to organize 262 
our scoping review. Our approach involved five steps: (1) definition of research 263 
questions, search strategy and exclusion criteria, which were described in a research 264 
protocol (Supplementary material Appendix 1); (2) search for relevant studies, (3) 265 
screening and selection of studies, (4) data extraction and (5) analysis (see Figure 2). 266 
The scoping review was limited to studies published between the years 2000 and 267 
2023. 268 

The research team was divided into five groups, four groups worked on the impact of 269 
dietary change on ‘climate’, ‘biodiversity’, ‘health’, and ‘economy’ and one group 270 
focused on food waste impacts on ‘biodiversity and climate’, ‘food security’, and 271 
‘economy’. For each team, a search query in Web of Science was prepared to identify 272 
relevant literature (see protocol/annex for details). We followed Grames et al., (2019), 273 
who suggested an automated approach to identify search terms for systematic 274 
reviews. In the first step, each research team identified several key papers based on 275 
their expertise. This set of key papers are then used to extract potential keywords 276 
using the R package litsearch. This package implements the Rapid Automatic 277 
Keyword Extraction (RAKE) algorithm (Rose et al., 2010) and keyword co-occurrence 278 
networks to identify a first set of key words that best describe the identified set of key 279 
papers. The key words were subsequently screened, checked, and revised by the 280 
research group and used to build the search query in the Web of Science database to 281 
identify relevant articles.  282 

Next, each group reviewed the result of search queries to check (a) whether the 283 
number of returned articles was manageable (i.e., less than 200) and (b) if the key 284 
papers were among the articles that were returned by the query. In addition, the 285 
research groups occasionally used citation snowballing techniques to avoid missing 286 
important articles. Finally, each research group used a review research questionnaire 287 
(Supplementary material Appendix 1) to extract information from all the selected 288 
articles in a structured manner. 289 

  290 
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 291 

3. Results  292 

This section presents the more in-depth results of this scoping review. We will 293 
examine definitions, theories, and the evolution of research on this topic. Policy 294 
interventions and their outcomes will be analyzed, along with methodologies, 295 
evidence types, and the potential for cross-disciplinary perspectives to address these 296 
complex challenges. 297 

                                                      4.1. Diet and Climate Change 298 

Overall, the present review investigating the relationship between diet and climate 299 
change analyzes 34 studies, including 22 studies that assess the impact of alternative 300 
diets on climate change and 12 analyses of the effects of carbon taxes on food 301 
consumption. Focusing on the first strand of literature calculating the impact of 302 
different dietary patterns on climate change, these studies were published between 303 
2010 and 2023. Only one focused on a developing country (n=1), while all the others 304 
had either a multi-country or global approach (n=5) or focused on single developed 305 
countries (n=16). All analyzed studies presented empirical results. Few analyzed past 306 
consumption patterns and their impact on climate indicators (n=2). The majority used 307 
modeling strategies based on real consumption data to simulate alternative dietary 308 
patterns and evaluate their impact on climate indicators (n=20). Moreover, most of 309 
the studies explored the impact of shifting to a diet increasingly reliant on PB 310 
products (n=21), while the remainder analyzed the differences between a diet 311 
composed of imported versus domestic foods, i.e., the environmental performance of 312 
a local diet (n=1). The most commonly used indicator to measure climate change in 313 
the included papers was GHGEs (n=22), followed by land use (n=11), water footprint 314 
(n=7) - either green or blue water footprint or both - energy use (n=3), and more 315 
specific indicators such as nitrogen and phosphorus application (n=1), atmospheric 316 
acidification and marine eutrophication (n=1), and nitrogen footprint (n=1). Most 317 
studies analyzed both the environmental and nutritional outcomes of the dietary 318 
patterns under investigation (n=15). Not all studies considered distributional factors 319 
to differentiate the dietary impact on climate change across population groups. The 320 
studies that did consider these factors included socio-demographic characteristics 321 
(n=5) - such as gender, age, educational level, income, employment status - or lifestyle 322 
habits (n=1). 323 

Focusing on the literature assessing the impact of carbon taxation on food 324 
consumption, we identify 12 empirical studies which were all published between 325 
2011 and 2022. Most studies focus on European countries at the aggregate level (n=1) 326 
or at the country level, such as the United Kingdom (n=3), France (n=3), Spain (n=1) 327 
and the Catalonia region (n=1), Denmark (n=1) and Sweden (=1), while only one 328 
study focuses on extra-EU countries (i.e., the U.S). All the studies under analysis used 329 
a similar empirical framework to derive the impacts of interest. As carbon taxation 330 
brings about a general increase in the price of foods, the price elasticities of demand 331 
are the key parameters of interest to carry out the simulations of different carbon tax 332 
scenarios. Therefore, the analyzed studies use real food consumption data 333 
augmented with GHGEs and nutritional data obtained from official statistics or 334 
proprietary data to estimate consumers’ demand for different food categories and 335 
derive the own-price and cross prices elasticity values. Demand estimation is carried 336 
out using a system of demand equations approach, such as the Almost Ideal Demand 337 
System (AIDS) also in its linear approximation (LA/AIDS) or quadratic form 338 
(QUAIDS) (n=7) (Deaton & Muellbauer, 1980; Moschini, 1995; Banks et al., 1997), or 339 
the Exact Affine Stone Index (EASI) model (n=4) (Lewbel & Pendakur, 2009). Only 340 
one study uses a random coefficient logit demand model approach (Berry et al., 1995) 341 
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to estimate demand for animal products (Bonnet et al., 2018). Most of the studies 342 
under analysis analyze different tax scenarios, for instance in terms of the food 343 
groups subject to taxation (e.g., all foods, only animal-products, only meat) (n=10) or 344 
based on the tax scheme design, especially focusing on the potential differences in the 345 
outcome variables of interest between uncompensated and compensated (i.e., 346 
revenue-neutral) carbon taxes (n=6), or also, using different tax rates which vary with 347 
the estimated social cost of carbon (n=5). Also in this case, the most used indicator to 348 
measure the environmental impact of food consumption is represented by GHGEs 349 
(n=12) measured in terms of carbon-dioxide equivalents (CO2-eq). On the other hand, 350 
some studies also separately account for the other environmental impacts, such as 351 
acidification (sulfur dioxide emissions, SO2) and marine eutrophication (nitrogen 352 
dioxide emissions (n=3), or land use (n=1). The degree of GHGEs reduction depends 353 
on the foods taxed, compensation schemes, and the applied social carbon cost. 354 
Uncompensated taxes on all foods achieve the greatest GHGEs abatement (up to -355 
20%) (Edjabou & Smed, 2013; Revoredo-Giha et al., 2018), and the mitigation 356 
potential increases with the estimated social cost of carbon (Bonnet et al., 2018; 357 
Caillavet et al., 2019). 358 

Given the potential unintended consequences of carbon taxes on food on population-359 
wide nutritional outcomes and social equity, ongoing research also examines 360 
nutritional and distributional impacts of these fiscal policies across population 361 
groups, especially focusing on the most vulnerable socio-economic groups 362 
(Kehlbacher et al., 2016; Caillavet et al., 2019; García-Muros et al., 2017; Tiboldo et al., 363 
2022). While all studies assess the impact of carbon taxes on foods on GHGEs from 364 
the food system, only some of them also analyze the unintended nutritional 365 
consequences of these fiscal policies, either in terms of changes in key macro-366 
nutrients (e.g., total calories, lipids, carbohydrates and proteins) and micro-nutrients 367 
intake (e.g., cholesterol, saturated fats, sugars, calcium and fiber) with respect to 368 
country-level recommendations and dietary guidelines (n=7), or by using specific 369 
indexes developed  to evaluate the nutritional quality of the diet, such as the  Mean 370 
Adequacy Ratio (MAR) and the Mean Excess Ratio (MER) (n=3) (Revoredo-Giha et 371 
al., 2018). The distributional implications of carbon taxes on foods, are also 372 
investigated in some papers (n=7), especially focusing on the potential differential 373 
effects of these fiscal policies on the most vulnerable population sub-groups (e.g., 374 
low-income households or households with children). In detail, some studies 375 
evaluate the differential impact on food consumption and expenditure (n=1) or in 376 
terms of changes of purchasing power across socio-economic groups (n=3). On the 377 
other hand, other studies (n=3) use specific indexes to measure the potential 378 
regressivity (e.g.,) or redistributive effects (e.g., the) of carbon taxes, such as the 379 
Kakwani index and the Reynolds-Smolensky index (García-Muros et al., 2017). To 380 
enable a more thorough comparison across scenarios, some studies (n=3) investigate 381 
the distributional implications of carbon taxes on food both from a budgetary and a 382 
nutritional standpoint. 383 

All studies in the literature agree that a diet consisting solely or mainly of PB 384 
products has a lesser impact on climate change. The greater the share of PB products 385 
in a diet, the more environmentally sustainable the diet is, based on indicators such 386 
as GHGEs, land use, and energy use. The water footprint indicator yields mixed 387 
results. For instance, when assessing a pescatarian diet (Kim et al., 2020) the water 388 
footprint increases. The same is sometimes true when substituting animal products 389 
with PB ones, as they require more freshwater (Philippidis et al., 2021; Springmann et 390 
al., 2018). Primarily PB diets have been shown to have less impact on the 391 
environment and to be more affordable. Starting from this point, Grabs (2015) 392 
analyzed the rebound effects of re-spending the money saved from adopting a 393 
vegetarian diet. The author demonstrated that when the money saved is re-spent 394 
according to current preferences (i.e., current consumer demand for food and non-395 
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food products), the environmental benefits of shifting to a vegetarian diet would be 396 
entirely lost. Individuals could miss 96% of potential energy savings and 49% of 397 
greenhouse gas emission savings. Hence, to maintain the environmental benefits of a 398 
primarily plant-based diet, it is crucial to allocate the saved money efficiently. From a 399 
distributional perspective, Grabs (2015) demonstrated that individuals with higher 400 
incomes tend to save more in GHGs and energy even after re-spending. They are 401 
more likely to use their savings for less polluting goods (i.e., luxury goods or 402 
services), as opposed to individuals with lower incomes who would re-spend their 403 
saved money on more polluting goods or services (i.e., gasoline for their cars). 404 
Instead, the study by Seconda et al. (2018) - the only other study that uses income as a 405 
discriminating factor across individuals - did not find any differences in diet 406 
emissions among different population sub-groups. Regarding gender, studies agree 407 
that women consume diets with lower emissions compared to men (Seconda et al., 408 
2018; van Dooren et al., 2018; Yue et al., 2022). 409 

Overall, the results from the current review show that achieving convergence 410 
between environmental, nutritional, and social equity goals through carbon tax 411 
design is complex (Bonnet et al., 2020). However, taxing meat with subsidies for PB 412 
foods offers potential to reduce GHGEs, improve diet quality, and mitigate regressive 413 
effects (Edjabou & Smed, 2013; Springmann et al., 2016; Caillavet et al., 2019; Tiboldo 414 
et al., 2022). Interestingly, while financially regressive, carbon food taxes may be 415 
progressive from a health perspective. Policies such as consumer education and 416 
awareness-raising through information provision, including labeling and promotion 417 
of national dietary guidelines, may also support this shift towards more sustainable 418 
diets (Arrieta & González, 2018; Deckers, 2010; Huan-Niemi et al., 2020; van Dooren 419 
et al., 2018; Xiong et al., 2020). Policies such as consumer education and awareness-420 
raising through information provision, including labeling and promotion of national 421 
dietary guidelines,  may also support this  shift towards sustainable diets (Arrieta & 422 
González, 2018; Deckers, 2010; Huan-Niemi et al., 2020; van Dooren et al., 2018; Xiong 423 
et al., 2020).  424 

                                                      4.2. Diet and Biodiversity  425 

Exploring the dietary impacts on biodiversity results in identifying several key 426 
concepts and themes. First, diet influences biodiversity directly through three main 427 
channels: agricultural expansion, intensification of agricultural practices and direct 428 
exploitation (Benton et al., 2021; Díaz et al., 2019; Jaureguiberry et al., 2022). 429 
Agricultural expansion involves the conversion of natural habitats, such as forests and 430 
grasslands, into agricultural land to meet the growing demand for food, resulting in 431 
habitat loss, fragmentation, and degradation, leading to declines in biodiversity (Foley 432 
et al., 2005). Intensification of agricultural practices refers to the increased use of 433 
inputs such as fertilizers, pesticides, and irrigation to boost crop yields. This may 434 
reduce agricultural expansion, on the one hand, but might also lead to negative 435 
environmental consequences, including biodiversity loss (Sánchez-Bayo & Wyckhuys, 436 
2019; Tilman et al., 2011). Direct exploitation through fishing and hunting is another 437 
important driver of biodiversity loss (Brodie et al., 2015; Harrison, 2011; Su et al., 438 
2021). Food demand is linked to all these processes in multiple ways, such as 439 
quantity, variety (e.g. meat vs. legumes) and quality of food (organic vs. conventional 440 
agriculture sourced) consumed.  441 

The adoption of healthier and more sustainable dietary patterns, consisting of plant-442 
based foods, has been proposed as a strategy to reduce the environmental footprint of 443 
food systems (Davis et al., 2023). Another vital component of biodiversity-friendly 444 
food consumption is avoiding overconsumption, which means significant reduction 445 
of energy intake in many high-income countries (Ganivet, 2020; Willett et al., 2019). 446 
Novel foods could also contribute to viable pathways to reducing the biodiversity 447 
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impacts of food systems. For example, partial replacement of animal source foods 448 
with plant-based meat and milk alternatives could significantly reduce land use 449 
impacts associated with livestock production (Kozicka et al., 2023). Another key area 450 
of research considers interactions between land and sea use in food systems and 451 
trade-offs that might arise (Cottrell et al., 2018). For example, increasing consumption 452 
of seaweed could reduce land-based agricultural pressures and mitigate biodiversity 453 
loss (Spillias et al., 2023). However, careful assessment of the potential impacts of 454 
seaweed farming on marine ecosystems is essential to ensure sustainability. 455 
Moreover, studies have highlighted the importance of considering trade-mediated 456 
inter-regional impacts of diets on biodiversity loss (Hentschl et al., 2023; Kozicka et 457 
al., 2023).  458 

Overall, we reviewed 15 studies that directly link diets to biodiversity impacts. Most 459 
of the studies (n=14) identify a shift towards plant-based diets as an important 460 
measure to significantly reduce land use impacts compared to diets high in animal 461 
products  (e.g. Henry et al. 2019, Hentschl et al., 2023, Kok et al. 2019, Rasche et al. 462 
2022, Willet et al. 2019). By reducing demand for agricultural land and resources, 463 
individuals can alleviate pressure on biodiversity-rich ecosystems (Poore & Nemecek, 464 
2018). However, dietary change is considered as only a part of the broader food 465 
systems transformation, along e.g., waste reduction, sustainable intensification, land 466 
restoration, on the path to reverse biodiversity decline until 2050 (Kozicka et al. 2023, 467 
Leclère et al. 2020). For example, partial substitution of animal source foods with 468 
novel plant-based alternatives, if combined with land restoration could yield 469 
significant biodiversity impacts (Kozicka et. al 2023). The authors show that if globally 470 
50% of the main animal products (pork, chicken, beef and milk) are substituted and 471 
spared agricultural land within forest ecosystems is restored to forest, this could 472 
contribute to 13-25% of the estimated global land restoration needs under target 2 473 
from the Kunming Montreal Global Biodiversity Framework by 2030, and future 474 
declines in ecosystem integrity by 2050 would be more than halved. Spillias et al 475 
(2023) show that increasing seaweed use for food, feed and biofuels could have a 476 
positive impact on terrestrial biodiversity. While the impacts are modest, the authors 477 
see it as a part of a broader future strategy for terrestrial conservation.  478 

Very few (n=1) studies considered fertilizer application and irrigation intensity 479 
changes due to changes in diets with respect to their impacts on biodiversity, with 480 
some exceptions such as Henry et al (2019). They found that changing dietary demand 481 
may have the greatest benefits for threatened species through the reduction of both 482 
agricultural land area and agricultural inputs in regions of high biodiversity. Another 483 
key area of biodiversity impacts is agricultural biodiversity. As our diets increasingly 484 
rely on only a small fraction of all edible plant species and livestock breeds, their 485 
genetic pool has been narrowing dramatically (FAO, 2019; Jones et al., 2021, UN 486 
Nutrition, 2021). Mattas et al. (2023) show that the Mediterranean diet is associated 487 
with higher levels of biodiversity due to its emphasis on diverse plant-based foods. 488 
This means the focus of biodiversity-sensitive demand should be on reducing animal 489 
source food consumption and increasing the variety of plants used as food. However, 490 
studies analyzing these impacts of diets are rare. Out-of-home food consumption and 491 
food processing overall has also received little attention (n=1) with respect to their 492 
impacts on biodiversity in general, and agricultural biodiversity in particular (Monetti 493 
et al,. 2021).  494 

Most of the reviewed studies (n=12) are either of a global scope, or are of a general 495 
character (not specific to any region). The remaining studies focus on the 496 
Mediterranean region (n=2), or a specific country (Germany, n=1).  497 

Interventions that may be effective at encouraging more sustainable diets range from 498 
labeling (Potter er al. 2023), to fiscal measures, such as taxes and subsidies (Latka et al. 499 
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2021). However, more research is needed on the effectiveness of these measures in 500 
various contexts. Furthermore, policy bundles could be needed to mitigate any 501 
potential trade-offs with the other SJOS dimensions.  502 

The methods used range from LCA, footprint approaches, economic simulation 503 
modeling, and input-output analyses. As a biodiversity metric, most studies use 504 
change in species richness, often estimated as a result of change in land area via the 505 
species-area relationship. The number of metrics used usually is limited to one, with 506 
some exceptions. In Perignon et al. (2019), the land use impacts on biodiversity were 507 
calculated using country-specific global characterization factors estimated by 508 
Chaudhary et al. (2015) with the countryside species−area relationships (SAR) model 509 
and average approach. Leclère et al. (2020) use six different measures which cover 510 
several aspects of biodiversity: Extent of suitable habitat (ESH), wildlife population 511 
density (LPI), intactness of local species composition (BII), Regional extinctions 512 
(FRRS), and Global extinctions (FGRS). Kozicka et al. (2023) and Spillias et al. (2023) 513 
use only one of those, BII. It measures the local compositional intactness of local 514 
communities as impacted by land use, relative to if the region were still covered with 515 
primary vegetation and facing minimal human pressures. Rasche et al (2022) quantify 516 
the future conversion of natural intact vegetation hotspot area into agricultural land. 517 
Kok et al. (2018) use the Mean Species Abundance of original species relative to 518 
undisturbed situations (MSA) as the main indicator for biodiversity. Visconti et al. 519 
(2016) use Red List Index and Geometric Mean Abundance as measures of 520 
biodiversity in response to land-use change. Mattas et al. (2023) base their analysis on 521 
the meaning of the majorly cultivated food plants. Jones et al. (2021) use Shannon’s 522 
diversity index of food items in supply of kcal per capita per day to calculate species 523 
diversity in consumption. 524 

                                                      4.3. Diet and Human Health  525 

 Dietary patterns are undergoing significant transformations worldwide, shaped by 526 
multifaceted factors such as socioeconomic shifts, urbanization, and changing 527 
lifestyles. A vast body of research explores the complex interplay between dietary 528 
choices, health outcomes, and the potential for interventions. This extensive review 529 
integrates insights from numerous studies to provide a comprehensive perspective. 530 

Broadly, the present examination exploring the correlation between dietary choices 531 
and human health scrutinizes 38 studies, encompassing evaluation of the influence of 532 
alternative dietary patterns on health (n=20), the implications of food system 533 
transitions (n=5), consumer behavior and policy considerations (n=4), the nutritional 534 
aspects and health effects (n=5), and the methodological considerations in nutrition 535 
research (n=4). The years of publication for the studies included in this review range 536 
from 1999 to 2022. 537 

The geographical distribution of the studies is diverse, employing a multi-country or 538 
global methodology (n=14), targeting individual developed nations (n=23) and one 539 
paper focusing on developing nations . 540 

The methodologies employed in these studies are varied, including qualitative food 541 
system analysis and surveys (n=18), modeling (n=6), and other data analysis methods 542 
(n=14). The latter category encompasses cross-sectional studies (n=8), panel data 543 
analysis (n=4), semiparametric modeling (n=1), and a cohort study design (n=1). 544 

The studies address a range of relationships and effects, including correlations 545 
between dietary patterns and health outcomes (n=25), causal relationships between 546 
dietary interventions and disease risk (n=8), and the influence of socioeconomic and 547 
environmental factors on dietary choices (n=5). The metrics and indicators used in 548 

D
ow

nloaded from
 https://academ

ic.oup.com
/qopen/advance-article/doi/10.1093/qopen/qoae030/7875308 by C

entro de Investigación y Tecnología Agroalim
entaria de Aragón- Biblioteca user on 18 N

ovem
ber 2024



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

 

these studies span various domains, including dietary intake (n=27), nutritional 549 
status (n=12), health outcomes (n=25), economic factors (n=9), and environmental 550 
impacts (n=4). 551 

The distributional impacts explored in these studies predominantly encompass age 552 
(n=15), gender (n=17), socioeconomic status (n=13), and education level (n=4), with a 553 
particular emphasis on the differential effects of dietary patterns and interventions 554 
across these diverse population subgroups. 555 

Across various global contexts, urbanization, rising incomes, and women's increased 556 
participation in the workforce have driven changes in food preferences and 557 
consumption. This has led to increased demand for highly processed foods that are 558 
often high in sugar, salt, and saturated fats (Ambikapathi et al., 2022). While this 559 
dietary shift has contributed to a decrease in micronutrient deficiencies among some 560 
populations, the long-term consequences for health are substantial. Studies 561 
repeatedly show a strong association with increased risk of cardiometabolic diseases 562 
(Ambikapathi et al., 2022). It is crucial to note that dietary transitions occur unevenly 563 
among and within populations. Factors like income, food security, and local food 564 
environments strongly influence dietary choices (Ambikapathi et al., 2022; Poole et 565 
al., 2021). 566 

A prominent trend is the declining consumption of whole, minimally processed 567 
foods, accompanied by a growing reliance on highly processed, convenience-oriented 568 
foods. These foods are often high in sugar, salt, and saturated fats (Ambikapathi et 569 
al., 2022; Sinai et al., 2021). This transition is particularly pronounced in urban 570 
environments and within adolescent populations (Sinai et al., 2021). While 571 
urbanization and rising incomes have contributed to decreased micronutrient 572 
deficiencies, this dietary shift strongly correlates with a marked increase in 573 
cardiometabolic diseases and other non-communicable chronic conditions 574 
(Ambikapathi et al., 2022). 575 

Research consistently demonstrates the health advantages of plant-forward dietary 576 
patterns rich in fruits, vegetables, whole grains, and legumes (Gastaldello et al., 2022; 577 
Li et al., 2021; Rigi et al., 2021; Stylianou et al., 2021). These diets are associated with 578 
lower mortality, reduced incidence of cardiovascular diseases, some cancers, and 579 
other chronic conditions. Conversely, plant-based diets centered on processed foods 580 
can pose risks to health (Gastaldello et al., 2022). Importantly, even modest dietary 581 
adjustments can have substantial benefits. Studies like Stylianou et al. (2021) propose 582 
targeted substitutions of specific food categories as potent yet practical strategies to 583 
improve health without requiring complete dietary overhauls. 584 

While the benefits of plant-forward diets are well-supported, questions remain about 585 
the ideal intake of animal-source foods and the long-term health effects of certain 586 
plant-based alternatives (Gastaldello et al., 2022). The relationship between diet and 587 
health is complex. Individual characteristics, food accessibility and affordability, as 588 
well as broader environmental factors significantly influence both dietary choices and 589 
health outcomes (Finaret et al., 2019).          590 

Studies examining dietary patterns and their impacts employ diverse methodologies. 591 
These include principal component analysis to identify distinct dietary patterns (Sinai 592 
et al., 2021), epidemiologic assessments to evaluate long-term health outcomes 593 
associated with specific diets (Stylianou et al., 2021), case studies to analyze food 594 
systems within specific contexts (Ambikapathi et al., 2022), synthesize findings from 595 
multiple studies (Ruxton & Derbyshire 2008), and quantitative impact assessments to 596 
model the effects of policy interventions (Smed et al., 2007). While offering valuable 597 
insights, current research calls for more interdisciplinary approaches. Finaret et al. 598 
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(2019) highlight the need to integrate nutritional epidemiology with social sciences 599 
and economics to gain a deeper understanding of complex factors influencing dietary 600 
choices. 601 

Consumer behavior plays a crucial role in shaping dietary patterns. Taste 602 
preferences, food accessibility and affordability, understanding of health information, 603 
and cultural norms all sway food choices (Finaret et al., 2019; Van Loo et al., 2017). 604 
Policies aimed at improving public health must consider these multifaceted 605 
influences. 606 

Several potential policy interventions show promise. Examples include using 607 
consumer-friendly labels to highlight the health attributes of foods (Liu et al., 2015), 608 
promoting whole, unprocessed foods, and examining economic instruments, such as 609 
taxes and subsidies, aimed at influencing food choices and prices (Smed et al., 2007; 610 
Poole et al., 2021). Van Loo et al., (2017) advocate for integrating health and 611 
environmental sustainability goals in food policy and messaging, emphasizing the 612 
positive alignment between consumer perceptions of healthy, sustainable, and plant-613 
based diets. 614 

Ongoing research investigates the long-term health effects of various plant-based 615 
alternatives (Gastaldello et al., 2022; Geibel et al., 2021) and seeks to refine strategies 616 
for promoting dietary change at the individual and population levels. A particularly 617 
salient area of focus is the relationship between diet and mental health. Studies such 618 
as Banta et al. (2019) suggest a need for specialized dietary interventions for those 619 
with mental illness, especially targeting young adults, those with lower education 620 
levels, and obese individuals. 621 

                                                       4.4. Diet and Local Food Systems  622 

The initial query "local food system” or “ local food" in the Web of Science returned 623 
many articles (n=305). Screening the abstract and/or introduction identified a subset 624 
of articles relevant to our purpose (n=75). Further inspection resulted in the final 625 
selection of 23 articles. The geographical distribution of the studies is entirely on 626 
Western and developed countries . This happens because local food is more relevant 627 
for developed countries as it provides an alternative to the global food system. In 628 
underdeveloped countries, most food is local food and so the distinction between 629 
local and non-local food systems is less pronounced.    630 

The methodological approach of the studies is empirical investigation. All papers 631 
establish a relationship between local food and one of its attributes, such as 632 
preference for local food or its nutritional value. 633 

The most important consideration in researching the local food system is that it is not 634 
yet clearly defined. There is no standard definition for the local food system, but it is 635 
defined implicitly as food systems in which producers and consumers are close to 636 
each other. This lack of a standard definition hinders systematic analysis of local food 637 
systems. Next, most studies about local food systems center around consumer 638 
demand for local food and the determinants of preference for local food. The local 639 
food system's overall effect on food security and local and global economies are 640 
under-researched.  641 

We briefly review the demand for local food based on evidence about consumers’ 642 
characteristics that matter for a preference for and willingness to buy local food. 643 
There has been an interest in food science to test whether consumers are willing to 644 
pay a premium for local food and if so, how high that premium might be. The overall 645 
conclusion is that there seems to be a significant willingness to pay for local foods, 646 
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Enthoven & Van den Broeck (2021) and Feldman & Hamm (2015). However, the 647 
willingness to pay varies across demographic and socio-economic characteristics and 648 
the location of consumers. A preference for consuming local food is reported to be 649 
positively associated with age, wealth, and food consciousness. Older people who are 650 
more embedded in their local community are more willing to pay a premium for 651 
local food. The positive effect of wealth on the willingness to pay for local food is not 652 
surprising as local food is usually more expensive than imported food. Food 653 
consciousness or food knowledge affects willingness to pay for local food. The desire 654 
for consuming unprocessed high-quality food, organic food, and environmentally 655 
friendly practices together with a preference for buying from special outlets 656 
contribute to the willingness to pay for local food, Mirosa & Lawson (2012) and 657 
Gracia & De-Magistris  (2016). Finally, women are more likely to be willing to pay a 658 
premium for local food, Carpio & Isengildina-Massa (2009).         659 

Consumers’ location, rural versus urban, also matters for the demand for local food. 660 
Urbanization is negatively associated with local food consumption as urban 661 
consumers have less time for shopping, are less aware about the outlets that sell local 662 
food and are less likely to find local food in their vicinity, Khan & Prior (2010). The 663 
willingness to pay for local food is expected to be higher in urban areas because 664 
urban consumers generally have higher incomes than rural consumers.  A study by 665 
Hempel & Hamm (2016) reported that German rural consumers have a lower 666 
willingness to pay for organic food compared to urban consumers. 667 

A preference for supporting local and small farms is assumed to contribute to the 668 
willingness to pay a premium for local food. The evidence, however, is mixed with 669 
some studies reporting a positive relationship between a supporting attitude for local 670 
and small farmers and local food consumption, Meas et al. (2013), whereas another 671 
reporting the opposite, Bianchi & Mortimer (2015). In another study, Birch et al. 672 
(2018) report that for Australian consumers, food characteristics such as quality, 673 
freshness, and packaging matters more than altruistic concerns such as care for local 674 
farmers. A similar result is also reported by Raimondo et al. (2024) where for the 675 
Italian walnuts consumers, the taste elicits a higher willingness to pay compared to 676 
the product’s origin. Overall, food products’ specification is a stronger driver for 677 
consuming local food compared to concerns for local producers. 678 

                                                       4.5. Food Waste 679 

The current review examines the relationship between food waste and three key 680 
areas of the SJOS such as food security, sustainability and climate, and economy.  681 

Food Waste and Food Security 682 

Food loss and waste contributes to global food insecurity (Geislar, 2019). Reducing 683 
FLW could increase food availability and improve nutrition and food security 684 
(Philippidis et al., 2019; Santeramo, 2021), but the effects depend on the locations of 685 
food-insecure populations and targeted reduction efforts along the supply chain. 686 
Since the early 2010s, research on the connection between food waste and food 687 
security has increased significantly (FAO 2011, 2019; UNEP, 2021, 2024). Studies 688 
investigate the causes of food insecurity and underlying factors of food waste (e.g., 689 
Irani and Sharif, 2016), as well as the effects of reducing FLW on food security and 690 
environmental impacts within international food markets (Munesue et al., 2015). 691 

Given that household waste is substantial (e.g., Drabik et al., 2019; Hebrok and 692 
Heidenstrøm, 2019; Lusk and Ellison, 2020), targeted studies examine the link 693 
between food waste, food insecurity, and behaviors at the consumer level (e.g., 694 
Armstrong et al., 2021; Fami et al., 2021; Althumiri et al., 2021; Garcia-Silva et al., 695 
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2017; Jereme et al., 2017). These studies aim to inform policies that reduce waste, 696 
improve food access, and promote sustainable consumption. 697 

The connection between food waste and food security is explored in  45 studies, 32 of 698 
which are journal articles. Articles solely addressing the connections between food 699 
waste and food security were selected, 20. Additionally, 4 were included due to its 700 
relevance in the household sector. In the end, 6 of which focused exclusively on the 701 
final consumption stage of the chain, while the remainder considered the broader 702 
concept of food loss and waste, including upwards levels of the food supply chain or 703 
the impact on climate.  704 

While the first article was published in 2009, the remaining papers were released 705 
from 2015 to 2023. Regarding country coverage, 5 are focused on developed countries 706 
(Israel, Malaysia, Saudi Arabia, Taiwan, UK, USA) and only 3 are focused on 707 
developing countries. Moreover, most of studies explored the FLW reduction as an 708 
opportunity to enhance food security (11), and the remaining offers several topics like 709 
connections with environment (4), FLW measurement (3), consumer perceptions (1), 710 
food rescue (2), value co-creation (1), food waste management strategies (2). It can 711 
also be seen that at least 7 are empirical studies either using simulation models or 712 
mass balance methodologies to measure food waste and the remaining offers a 713 
theoretical approach. 714 

Food Waste, Sustainability and Climate 715 

As the population grows and consumption habits change, the inefficiencies within 716 
the food system, especially food waste, have environmental consequences and 717 
exacerbate climate change. Studies addressing the impacts of FLW on sustainability 718 
and climate have surged, focusing on quantifying the impacts of food waste 719 
management using life cycle assessments (e.g., Kim and Kim, 2010; Bernstad and la 720 
Cour Jansen, 2011; Edwards et al., 2018; Slorach et al., 2019a, 2019b; Eriksson et al., 721 
2015; Vandermeersch et al., 2014; Tong et al., 2018) and measuring climate impacts of 722 
consumption at household (e.g., Silvennoinen et al., 2022; Lusk and Ellison, 2020; 723 
Slorach et al., 2020) and out-of-home levels (e.g., Oliveira et al., 2016; Garcia-Herrero 724 
et al., 2021; Shankar et al., 2022; Nandhivarman et al., 2015). Other research themes 725 
include consumer behavior, food waste management, alternative uses, the food-726 
waste-water-energy nexus, and the effect on water resources. 727 

Our review of the relationship between food waste and sustainability and climate 728 
change identified 98 studies, all of which are journal articles. 40 of these articles 729 
directly address this connection. The remaining articles were excluded from further 730 
analysis due to their low citation count (less than five). The first contribution dates to 731 
2013. Countries or regions covered in the reviewed works range from developed 732 
areas such as Australia, Belgium, China, EU, Finland, France, Hong Kong, 733 
Netherlands, Perú, Spain, Sweden, Switzerland, Taiwan, UK, USA and developing 734 
areas like India, Nigeria, Northern Africa, Pakistan, Turkey, Uruguay. 735 

Several key areas have emerged within food waste management research. These 736 
include analyzing the impacts of food waste management using methodologies like 737 
life cycle assessment (LCA) or life cycle costing (LCC) and quantifying the climate 738 
footprint of both household and out-of-home food waste. Researchers also examine 739 
the food waste-water-energy nexus, aiming to understand the implications of food 740 
waste management on food systems sustainability. Finally, studies explore consumer 741 
behavior towards the relationship between food waste, sustainability, and climate. 742 

Studies also explored issues of potential food waste uses such as composting or 743 
recycling and valorization options into energy (biogas or biodiesel). Additionally, the 744 
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impact on water, the connection with diets and nutritional quality and understanding 745 
food waste interventions and prevention measures have become relevant topics of 746 
research. 747 

Food Waste and Economy 748 

The growing literature examines the economic dimension of consumer food waste, 749 
using model-based studies to analyze the costs and benefits of reduction (e.g., Rutten, 750 
2013; Höjgår et al., 2013; Campoy-Muñoz et al., 2017; Philippidis et al., 2019; Barrera 751 
and Hertel, 2021; Ellison and Lusk, 2018). These studies identify drivers,  either based 752 
on household production model or approximations (e.g., Hamilton and Richards, 753 
2019; Lusk and Ellison, 2017; Yu and Jaenicke, 2020), or related to consumer behavior 754 
(e.g., Stefan et al., 2013; Graham-Rowe et al., 2015; Ascheman-Witzel et al., 2015; 755 
Thyberg and Jones, 2016; Stancu et al., 2016; Qi and Roe, 2016), and ways to prevent 756 
and reduce waste (e.g., Quested et al., 2013; Dou et al., 2016). Research also explores 757 
techno-economic evaluations of energy production from food waste, regulations, and 758 
circular economy models addressing food waste management. 759 

In this context, our results show that 279 studies were found, 212 of which are journal 760 
articles. Selected articles addressing somehow the relationship between consumer 761 
food waste and economic dimension, are 41. The remaining articles were not 762 
considered relevant due to their low number of citations received (less than five 763 
citations). The first contribution dates back to 2013 and studies have examined 764 
regions and countries such as Asia, Brazil, Canada, Costa Rica, Indonesia, Italy, EU, 765 
Finland, Norway,  UK, and USA. 766 

An overview of the main themes we include food waste reduction and preventions 767 
and their corresponding analysis of economic costs and benefits, techno-economic 768 
evaluation of food waste uses to energy, analysis of the micro aspects of the behavior 769 
of consumers, identification of food waste determinants, specification of foundational 770 
economic model for food waste and the implementation of circular economic model 771 
and regulations. 772 

 773 

5. Discussion  774 

This scoping review reveals the substantial environmental impacts of diet on 775 
biodiversity and climate change. Climate change and biodiversity are closely linked. 776 
Policies like carbon taxes and subsidies on food can influence greenhouse gas 777 
emissions and dietary choices, but their effectiveness is complex. Plant-based 778 
alternatives can be beneficial for biodiversity, but their impact on land use and 779 
agriculture needs to be carefully considered. Further research is needed on various 780 
aspects, such as the effectiveness of policies promoting sustainable diets and the 781 
impact of diet on marine and agricultural biodiversity. 782 

In terms of health, a diet rich in fruits, vegetables, and legumes is crucial, while 783 
processed foods high in sugar and salt are detrimental. Further research is needed on 784 
the long-term health effects of plant-based alternatives, the connection between diet 785 
and mental health, and the integration of nutritional research with social sciences and 786 
economics. 787 

Local food systems hold potential benefits in terms of resilience and environmental 788 
impact, but their definition, impact on food security, and nutritional benefits need 789 
further clarification. Additionally, the higher cost of local food and its potential 790 
impact on global food producers and retailers need to be addressed. 791 
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Food waste is a multifaceted problem with environmental, economic, and social 792 
implications. A deeper understanding of consumer behavior leading to food waste, 793 
more research in developing countries, and the utilization of longitudinal studies to 794 
track changes and assess impacts are necessary to tackle this issue effective 795 

Research Limitations and Future Directions 796 

A key limitation is the unidirectional perspective adopted in this review. While we 797 
extensively analyze how consumer preferences drive SJOS outcomes, we do not delve 798 
into the complex interplay of the bidirectional relationship between SJOS factors and 799 
consumer preferences. Further research is needed to understand this dynamic 800 
feedback loop. 801 

The effectiveness of policies and interventions fostering environmentally friendly 802 
diets emerges as a pivotal research area. Carbon taxes, while promising, warrant 803 
further scrutiny regarding their overall impact on food system actors. The adoption of 804 
novel plant-based alternatives presents opportunities for biodiversity conservation; 805 
however, potential trade-offs and unintended consequences require careful 806 
consideration. 807 

Research gaps exist regarding other biodiversity loss aspects like nitrogen fertilizer 808 
application and out-of-home food consumption. Additionally, the focus on terrestrial 809 
wild biodiversity necessitates expanded exploration of marine and agricultural 810 
biodiversity impacts. Analyzing food demand across diverse consumer groups 811 
beyond regional differences and its link to biodiversity impacts remains crucial. 812 
Lastly, the bidirectional relationship between diet and environmental quality 813 
indicators, including the impact of GHGEs pollution and climate change on food 814 
security and dietary quality, merits further investigation. 815 

While the impact of diet on human health is well-established, certain research gaps 816 
persist. Long-term health effects of various plant-based alternatives, interdisciplinary 817 
studies integrating nutritional epidemiology with social sciences and economics, and 818 
a deeper understanding of the diet-mental health relationship require further 819 
exploration. 820 

The concept of local food systems, while appealing, presents open questions 821 
regarding its definition, overall impact on food security, and nutritional benefits. We 822 
can identify three topics that require further research about local food systems. First, 823 
defining local food requires more research as there is no consensual definition. This 824 
lack of an accepted definition creates substantial problems for meticulous research on 825 
the subject. Second, the overall impact of local foods on the health, economy, 826 
environment of local food systems is still under-researched. While local food systems 827 
benefit small farmers and local communities, their overall impacts on food security 828 
and natural resources are not well unknown. We need to know how the expansion of 829 
local food systems affects the overall availability and affordability of healthy foods. 830 
Third, further research is needed to explore the comparative efficiency of local food 831 
systems and identify ways to enhance both their efficiency and availability. 832 

The multifaceted issue of food waste highlights the need for a better understanding of 833 
dietary behavior contributing to waste generation. This knowledge is crucial for 834 
tailoring interventions and policy measures across the food chain. Additionally, the 835 
current focus on developed regions in food waste studies necessitates greater 836 
attention to the unique challenges in developing countries. Longitudinal studies are 837 
essential for tracking consumer behavior changes and assessing food waste's impact 838 
on sustainability, the economy, and climate change. 839 
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Ongoing research investigating long-term health effects of plant-based alternatives 840 
and strategies for promoting dietary change contributes to refining theory and 841 
practice. The relationship between diet and mental health emerges as a particularly 842 
crucial research frontier, potentially informing specialized dietary interventions. 843 

Policy Implication and Recommendation 844 

Our scoping review not only underscores the complexities and interdependencies 845 
inherent in creating a sustainable and equitable food system, but also points towards 846 
key areas for further research and potential avenues for intervention to promote a 847 
Safe and Just agri-food system that supports both human and environmental well-848 
being. There is a pressing need to deepen our understanding of consumer behavior 849 
and motivations, particularly in relation to sustainable dietary choices. Empowering 850 
consumers through effective communication strategies and educational interventions 851 
is crucial for fostering informed decision-making. Research gaps persist in several 852 
areas, including the long-term health implications of plant-based alternatives, the 853 
intricate relationship between nutrition, social sciences, and economics, and the 854 
connection between diet and mental health. Addressing these gaps can contribute to a 855 
more comprehensive understanding of the multifaceted dimensions of the demand 856 
side process in transition towards a safe and just food system. While not the primary 857 
focus of this review, our findings also carry some policy implications. For instance, 858 
the potential for a carbon tax policy framework that balances environmental goals 859 
with nutritional needs and social equity concerns warrants further exploration. 860 
Additionally, we emphasize the importance of developing a universally accepted 861 
definition for local food systems and investigating their role in food security, 862 
nutrition, and economic development. Understanding dietary behaviors linked to 863 
food waste, particularly in developing countries, is also paramount for developing 864 
effective interventions. 865 

In light of these observations, we recommend prioritizing research that delves into the 866 
complexities of consumer behavior, fills existing knowledge gaps, and explores policy 867 
interventions aimed at promoting a safe and just agri-food system that safeguards 868 
both human and environmental well-being. By focusing on these key areas, we can 869 
contribute to a food system that nourishes and sustains us all. 870 

6. Conclusion 871 

This scoping review delves into the relationship between food consumption patterns 872 
– encompassing dietary choices and the food waste – and the pressing need to achieve 873 
a Safe and Just Operating Space (SJOS). It highlights the role of consumer behavior in 874 
shaping a food system that is both environmentally sustainable (Safe) and socially 875 
equitable (Just). 876 

The review reveals the potential of plant-based diets to contribute significantly to 877 
SJOS goals. By shifting towards plant-based options, we can mitigate climate change, 878 
conserve biodiversity, and enhance human health. In contrast, the escalating 879 
consumption of animal products poses a formidable challenge to sustainability 880 
objectives. Furthermore, the persistent problem of food waste, particularly 881 
pronounced at the household level, exacerbates environmental pressures and 882 
perpetuates social inequalities. The review underscores the urgent need for 883 
coordinated interventions across the entire food supply chain to address this complex 884 
issue comprehensively. 885 

While much research exists on the environmental and health impacts of food choices, 886 
this review identifies a pressing need for more integrated approaches that encompass 887 
the social and economic dimensions of food systems. The predominant focus on 888 

D
ow

nloaded from
 https://academ

ic.oup.com
/qopen/advance-article/doi/10.1093/qopen/qoae030/7875308 by C

entro de Investigación y Tecnología Agroalim
entaria de Aragón- Biblioteca user on 18 N

ovem
ber 2024



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

 

developed countries in food waste studies highlights the critical importance of 889 
investigating the unique challenges faced by developing regions. Moreover, the lack 890 
of a universally accepted definition for food loss and waste hinders effective 891 
measurement and policy implementation, necessitating a standardized approach. 892 

In conclusion, this review highlights the role of consumers in shaping a food system 893 
that operates within the boundaries of a Safe and Just Operating Space. By fostering 894 
informed and sustainable consumer choices, alongside implementing robust 895 
interventions to curb food waste, we can empower individuals to make conscious 896 
decisions and promote policies that safeguard planetary boundaries while 897 
guaranteeing access to nutritious food for all. Transitioning towards an agri-food 898 
system that aligns with the SJOS demands a collaborative effort involving consumers, 899 
producers, policymakers, and researchers to transform current practices and forge a 900 
safe and just future for both humanity and the planet. 901 
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 1455 

 1456 
Figure 1: The safe and just operating space for humanity. The green area represents the safe and just 1457 

operating space, bounded by the environmental ceiling (outer ring) and the social foundation (inner ring). 1458 
Source: Ferretto et al., 2022. 1459 
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 1462 

Figure 2: The process of identification of studies for the scoping process. 1463 
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