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Abstract

:

Sustainable development is more often considered by media, public opinion, and politicians to be the main goal our society should attempt to pursue in the coming years. To this aim, academic researchers have made sustainability one of the main objects of their studies. This work focuses on environmental sustainability and presents a brief overview of how it is taken into consideration in the agricultural economics field by considering this topic from different perspectives and thus highlighting how this field is gradually broadening its scope to include sustainable development objectives. Our analysis shows that the path towards sustainable development is strongly correlated to the protection of the environment. Therefore, agricultural policies aimed at protecting and preserving the environment, and, more in general, innovation along the agri-food chain, together with consumer attention towards environmental issues, can play an important role in achieving this objective.
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1. Introduction


Recently, the word “sustainability” has increasingly attracted the attention of worldwide media, politicians and public opinion. The dramatic changes occurred in the last decades in global society, and the increasing awareness for the potential future damages associated to these changes, have led to a convergence of efforts by countries toward finding a global governance that is aimed at promoting sustainable development. To this aim, the United Nations in 2015 have defined 17 Sustainable Development Goals (SDGs) to which the signatory countries (more than 150) commit to pursuing by the year 2030. The 17 Development Goals are: 1—No poverty; 2—Zero hunger; 3—Good health and well-being; 4—Quality education; 5—Gender equality; 6—Clean water and sanitation; 7—Affordable and clean energy; 8—Decent work and economic growth; 9—Industry innovation and infrastructure; 10—Reduced inequality; 11—Sustainable cities and communities; 12-Responsible consumption and production; 13—Climate action; 14—Life below water; 15—Life on land; 16—Peace and justice strong institution; 17—Partnerships for the goals. The 17 SDGs encompass 169 targets concerning different relevant issues for the future of worldwide society. However, it is worth noting that these goals are strictly interconnected with each other, as the effort toward the enhancement of one of them, can certainly be beneficial to the improvement of other goals.



The objective of this review is to provide a quite comprehensive perspective of the way in which studies in the agricultural economic field are analyzing sustainability issues. Agricultural economics can be defined as “the application of the social science of economics to the field of agriculture” [1]. However, given the multifunctional role covered by agriculture, the fields of study covered by researchers actually encompass several topics, such as food and consumer economics, production and farm management economics, and development economics. The background idea is to show how, lately, agri-food economists have increasingly included among their aims a wider evaluation of the impacts of production and consumption choices by accepting the challenge of “greening” agri-food value chains. Since its introduction in the 1987 United Nations Brundtland Report, the concept of sustainable development has received multidisciplinary consideration [2]. According to Cortese [3], sustainable development is multidisciplinary in its nature and should not be considered monolithically, but rather in a more holistic way by promoting interdisciplinary understanding and collaboration [4]. From this perspective, the multidisciplinary approach of the agricultural economic research seems to perfectly fit the study of sustainable development.



Overall, researchers identified three main dimensions of sustainability: economic, environmental, and social development. Despite their differences, these three main pillars should be considered correlated and complementary. While most of the previous papers in the literature highlight the multidisciplinary feature of sustainable development by exploring the way in which the three main pillars interact with each other [5,6,7], in this article we focus in particular on the economic dimension of sustainability. While worldwide countries usually set economic growth as their primary interest, this often contrasts with an actual improvement in the other two pillars of sustainable development. From this perspective, the contribution of several agricultural economics studies in the last few years has been aimed at reconciling economic development with environmental and social development. Hence, agricultural economics studies, touching several different topics related to sustainability, directly or indirectly, can provide a significant contribution in the next few years toward the achievement of the aforementioned Sustainable Development Goals.



Sustainable development studies in agricultural economics have particularly explored the link between agriculture and the environment. While sustainable development and environment can be directly associated to some of the SDGs, there are a number of reasons why agriculture (and agri-food chains) can be associated to them, though indirectly. For example, agriculture represents the primary source of income in many developing countries. From this perspective, a growth in the agricultural sector may in turn lead to an improvement in wealth and health conditions in these countries, to better working conditions, and, thus ultimately, to economic growth; while, on the contrary, a negative shock affecting agriculture may induce a decrease in socio-economic outcomes (i.e., labor mobility—migration). Agriculture has a strong link with the environment due, on the one hand, to the use of natural resources (such as land and water) as a production inputs, and, on the other hand, to the emission of different pollutants and the effects caused by the change in environmental conditions due to agricultural activities. More in detail, the case of greenhouse gas emission is particularly interesting as agriculture is both a major sink of carbon, at least in the short-medium term, but also a major source of emissions, especially in relation to the use of energy-intensive chemicals and to land and animal-stock management [8].



The review presented in this work shows the way in which a selection of agricultural economics fields of study have explored some of these issues. In particular, we first consider the role played by agricultural and agro-energy policies in promoting sustainable development by looking in particular at the case of the European Union (EU) Common Agricultural Policy (CAP). We then move to analyze how innovation can lead to an improvement in the sustainability of agricultural practices and food consumption by looking in particular to the role played by agbiotech innovation and the conversion of food wastes. We then shift our attention to the consumer side, by analyzing the importance attached by consumers to environmental sustainability issues when making their food choices. Finally, we consider the literature considering the effects of climate change in inducing migration flows, which can be seen as a possible variation in socio-economic outcomes by looking in particular to the role played by agriculture in affecting such a relationship.



This review does not focus on a specific topic, but instead tries to shed some light on the different angles through which the concept of sustainable development can be studied from an economic perspective. Sustainability is a very heterogeneous and complex issue, and for this reason, should be tackled through a multidisciplinary and holistic approach. We believe that the selected topics are among those with a higher potential to be exploited toward the achievement of sustainable development goals.




2. Evolving Agricultural and Agro-Energy Policy toward a Sustainability Path


This section explores how specific sectoral policies, such as the Common Agricultural Policy (CAP) and the policies for renewable energies related to agriculture (e.g., related to biogas) has evolved over time and how they have been informed by and adapted to the concepts of environmental sustainability. At the same time, we highlight how research has contributed to the assessment of the impacts of agricultural and agro-energy policies on agricultural systems and discuss some policy implications. Research evidence and related policy recommendations are selected accordingly.



The concept of sustainable development dates back to the so-called Brundtland Report [9] and has been organised among others, in three main domains (or dimensions) of sustainability: economic, social, and environmental. Since 1987, such a concept has gradually shaped public policies in various sectors, including the agricultural and agro-energy ones. The Common Agricultural Policy of the European Union, which was introduced at the beginning of the 1960’s, has evolved according to societal changes and demands, especially in terms of its targets and implementation tools. In particular, the target of increasing agricultural productivity (in order to assure food self-sufficiency) has been progressively replaced by measures aimed at fostering agricultural sustainability and environmentally friendly practices in farming. The first notable step of such a process took place with the institution of the “second pillar” of the CAP, aimed at recognizing and rewarding various multi-functional and environmentally friendly practices in farming. Within the second pillar, the most relevant actions to encourage sustainable farming practices are the agri-environmental measures (AEMs henceforth). As the participation in AEMs (and in other measures of the second pillar) is voluntary for farmers, it is crucial to understand what factors encourage their uptake. This aspect has been explored by Defrancesco et al. [10], Bertoni et al. [11], Burton [12], Franzén et al. [13], and Pavlis et al. [14], and compare farm, farmer, and territorial characteristics of all subjects that take part and do not take part toward AEMs. What commonly emerges from these studies is that younger farmers are more inclined towards sustainable farming practices. Furthermore, the adverse selection effect, according to which the lower the adaptation cost to comply with AEMs, the higher is the probability to participate in the scheme, is confirmed. This, in turn, leads to a lack of additionality in the effect of these policies, as the farmers representing the real target of these policies are less likely to participate. Finally, the location of the farm in environmentally sensitive areas does not seem to affect the uptake of AEMs. Such a finding points to a lack of territorial targeting of this kind of intervention. Beyond the participation in environmentally friendly farming practices, it is crucial to assess whether and to what extent the adoption of such actions actually translates into the expected outcomes. In this regard, the agricultural economics research has focused on developing tools and farm-level analyses based on sample survey simulations [15,16,17] and on ex-post estimations [18,19,20] on the effects of both farm practices and agricultural policies on sustainability.



As the concept of sustainable development also takes into consideration the social and economic dimensions (along with the environmental one), the effects of agricultural policy have also been examined in terms of labor creation (intended as a reduction of out-farm migration). Using data from European regions over the period 1990 to 2009, Olper et al. [21] found that agricultural payments contribute to reduce farm labor migration, even if with a moderate effect. However, it is worth noting that, during an economic downturn, off-farm employment may represent a useful strategy to integrate family farm income [22]. In this regard, first pillar payments are more effective than second pillar ones, and within the former, coupled payments are more effective than decoupled ones. Even if decoupled payments emerged as the most effective policy instrument to keep labor within the agricultural sector, the current CAP reform has bounded them to the accomplishment of the so called “greening measures” by beneficiary farmers [23]. Such measures consist in crop diversification, allocation of a minimum share (5–7%) of farmland to ecological focus areas, and maintenance of permanent grasslands and pastures. Even if the debate around the CAP reform has sometimes defined the current greening measures as being a “low-profile compromise,” their impact assessment has indicated that they have had quite a strong effect for farm and crop mixes in high intensity agricultural systems, while other areas are not affected by the policy instrument [24,25]. For instance, considering the plain area of the Lombardy region, which is one of the most intensive farming contexts in Europe [26], as a case study, Cavicchioli and Bertoni [27] measured the ex-ante impact of greening measures on 33% of farms and 72% of used agricultural area (30,000 hectares), finding a decrease in cereals in favor of nitrogen-fixing crops, with an estimated loss of 9.2 million euros. According to the same analysis, greening measures contained in the Commission Proposal, would have had a stronger impact on Lombardy agriculture, as compared to the approved measures. Such results are consistent with other ex-ante simulations carried out in the Lombardy region, using farm-level accountancy data [28,29,30]. Comparing the effect of greening measures on three different dairy farms structures (extensive, organic, and intensive), Gaudino and others [31] found a more intense effect, in terms of income reduction, for intensive farms, compared to the other two categories. The strong effect of greening on Lombardy agriculture seems to be confirmed, in terms of crop mix change, where Bertoni et al. [32] found a significant discontinuity in farmland use transition in Lombardy before (2011–2014) and after (2015–2016) the adoption of greening. Even if such preliminary analysis does not measure the net impact of greening, its results are in line with most ex-ante simulations in the same region.



Policies to incentive bio-energy and biofuel crops may also have an impact on the sustainability of agricultural systems, sometimes not in the desired direction [33,34]. The case of biogas in high-intensity agricultural areas of Italy represents an emblematic example of how badly-designed policies may lead to distortive effects on the agricultural system. In a first stage, biogas incentives were targeted toward big-sized plants, while, after observing side effects, the policy changed in favor of smaller-sized plants. Through a simulation of the feedstock maize market, Bartoli et al. [35] showed that payments for big-sized biogas plants lead to a distortion of the feed market with an increase in costs for livestock farms. Such an effect was reduced when incentives were given to smaller-sized biogas plants. Using data on farmland values where biogas plants were more present, Demartini et al. [36] showed a significant increase in rental prices over the period when big-sized plants received incentives, while such an effect disappeared when smaller-sized plants were subsidized.



The lesson learned from this brief analysis points to some general warning for agricultural policymakers. Primarily, interventions aimed at fostering environmental sustainability may incur some unintended outcomes. On the one hand, a lack of response and territorial targeting for voluntary measures (see the adverse selection for AEMs) may decrease the effectiveness of environmental payments. On the other side, bounding direct payments to environmental practices (such as the greening of the first pillar) may weaken the social and economic sustainability of high-intensity agricultural systems. Second, the lack of territorial targeting of environmentally friendly payments (both voluntary and direct ones) may be due to a farm level design of such instruments. Finally, (badly designed) incentives toward renewable energy may have different outcomes on the three pillars of sustainable development in agriculture, improving the environmental component, but distorting some product (feed) and factor (land) markets. Such issues may be addressed by setting up the monitoring of sustainability indicators of the agricultural system in order to forecast (ex-ante) and measure (ex-post) their territorial response to different policies. The availability of a framework for efficient indicators to quantify agriculture sustainability, in all of its facets, is the key element toward integrating the concept of sustainability into policy planning. In this sense, some attempts to measure the social, environmental, and economic sustainability of agriculture have already been proposed both at the farm level [15,37,38,39,40,41,42] and at the territorial level [43,44,45]. Such efforts should be increased and empowered by better exploiting and integrating all the available geo-referenced databases related to the three pillars of agricultural sustainability.




3. Innovative Strategies for a More Sustainable Agri-Food Chain


3.1. Agbiotech Innovation for Sustainable Agriculture


In the scenario of the global challenges that modern agriculture needs to consider, new plant breeding technologies (NPBTs) represent one of the most promising tools for the implementation of new plant varieties able to improve field productivity and agricultural sustainability [46]. This set of techniques—including cisgenesis, genome editing, and targeted mutagenesis, amongst others—are emerging rapidly from advances in genomic research for applications in crop improvement. They enable precise and targeted changes in the genome [47]. Modern agriculture can benefit from the introduction of NPBT for their impact in the reduction of pesticide use [48], the adaptation to changing climatic conditions [49], and the control of production losses [50]. In addition, products derived from NPBT can potentially mitigate public aversion for genetic modification in plants and food, mainly due to the fact that these new technologies are perceived as more natural with respect to the “old” transgenic approach producing genetically modified plants [51]. Hence, the economic evaluation of the innovative products can provide evidence of the real economic feasibility of new solutions, and their concrete contribution to a more sustainable agriculture. This specific innovation sector is suited to be studied using patent data [52,53,54,55,56,57] on agbiotech patents granted internationally, by disentangling the role of private, public, and private–public collaborations in producing agbiotech innovations. Frisio et al. [58] evaluated the agbiotech patent landscape for genetically modified (GM) innovations, showing that the private sector played a major role in the overall production of agbiotech patents, while the public sector is specialized in fundamental research fields. Egelie et al. [59] discussed the control of the CRISPR-Cas technology for plant improvement and the implication of intellectual property management over the exploitation of innovation at the commercial level. Some other authors proposed to examine the cognitive framing of innovation that shapes decisions of the actors in the innovation chain [60], suggesting alternative methods for the estimation of innovation apart from inputs and outputs (research and development funding and patents).



The evaluation of the socio-economic impacts of NPBTs plants and products can also support multidisciplinary research activities, as in the cost action “iPlanta: modifying plants to produce interfering RNA,” whose main objective is to examine the scientific challenges in manipulating RNAi production for disease and pest control and metabolic enhancement of plants for the achievement of more sustainable and integrated crop production systems.




3.2. Food Waste Reduction


Reducing food waste can help to increase the sustainability of the food system, given that the generation of food loss and waste has negative environmental impacts because of the water, land, energy, and other natural resources used to produce the wasted food.



It is worth mentioning that there exist multiple valuable strategies to reduce food waste based on the EU food waste hierarchy (Figure 1). In particular, if we consider that about one third of the food produced worldwide is wasted, the most straightforward strategy to reduce this phenomenon would be to create a more equitable food-distribution system that can meet food demand and supply, avoiding a large loss of resources. Indeed, the top three strategies (prevention, donation, and animal feed) are the ones that received greatest attention by the economic research, being the most preferable from an economic and environmental perspective [61,62].



The first action, reducing waste generation, includes the development of new frameworks for food waste measurement [63,64] and management [65,66], together with more empirical studies focused on specific levels of the food chain [67,68]. As for the second-most preferable action, namely food donation, several studies have shown that they offer a limited contribution to food waste prevention [69], probably due to political, social, and logistical barriers during implementation [70,71]. Other authors suggested that actors with different interests in food commodity chains can potentially develop competing solutions [72]. Nevertheless, other studies confirm that food donation is a sustainable practice from the environmental and economic perspectives [61,62].



The third action, the re-use of food surplus for animal feed, is part of the strategies targeted at tackling food waste, in accordance with the waste management hierarchy proposed by the European Waste Framework Directive (EC 2008/98) [73]. Nevertheless, the current legal framework in the European Union (EU) strongly restricts the possibility of using food waste for this purpose because of food safety issues related to previous food scandals (EC2009/1069) [74]. Due to the magnitude of the related ethical and economic issues, the scientific literature has increasingly focused on the impact of waste treatment strategies for feed production; Zu et al. [75] stated that a change in EU legislation to allow the use of food waste as animal feed could save 1.8 million hectares of agricultural land. According to Salemdeeb et al. [76], converting food waste into animal feed is a more sustainable practice when compared to existing technologies for food waste processing as anaerobic digestion and composting. The work by Castrica et al. [77] evaluated the feasibility of innovative measures for feed production in the EU with the aim of identifying the best strategies to implement within the current EU legal framework for waste management. Results suggest that the implementation of feed-from-food measures to reduce food waste in Europe is already possible and does not need to wait for further policy interventions. The conversion of food surplus in pet food can be one of the most concrete strategies for using food waste within the European context, and the reduced competition amongst food/feed/energy crop use could mitigate the environmental impacts of feed production and waste generation [78].




3.3. Increasing the Sustainability of Food Production


Food production is one of the economic activities that poses major pressures on the environment [79,80]. Focusing on climate change, which is one of the major challenges that society is facing, agriculture, forestry, and land use change are responsible for 20–24% of global greenhouse gas emissions [8]. The agri-environmental measures, like those discussed in Section 2, may be important polices to foster the adoption of more environmentally friendly and climate-friendly agricultural practices that may produce significant changes in the levels of pollution and greenhouse-gas emissions [81]. Indeed, mitigation strategies for the agri-food sector are related to land and livestock management, to the use of energy-intense chemicals, and to changes in dietary patterns. In this latter direction, as it will be discussed in the next section, consumers may also play an important role. Indeed, estimates on world population growth indicate that the food system in the coming years will have to feed an additional three billion people [82]. Moreover, as income levels around the world grow with development, dietary patters also change. Evidence from the literature highlights how such changes in developing countries tend to favor the inclusion of more animal-based products in the diet [83]. Indeed, as highlighted by Delgado et al. [84], developing countries are rapidly increasing the amount of animal-based products in their diets (with annual growth values of 5.4% between 1982–1994 and of 2.8% from 1993 onwards); however, they still remain behind the levels of developed countries (11% of calories from animal food products compared to 27%, and 26% of proteins compared to 56%). If pro-capita consumption of animal-based products in less-developed countries was to catch up with that if developed countries, this would imply a tremendous increase in global meat production, which has already exceeded 300 million tonnes per year (FAOSTAT 2017), and the environmental impacts of diets. Literature has indeed highlighted how animal production and especially beef has the highest environmental impacts [85,86] due to the large amount of arable land, water, and raw material needed for its production [87]. Indeed, a study by de Vries and de Boer [38] estimated, on the basis of a meta-analysis of previous studies, that the production of 1 kg of beef is the most land and energy intensive production and also the one with the highest global warming potential (GWP), with pork and chicken meat following beef. According to Steifeld et al. [88] Steinfeld et al. [89], such a strong GWP is related to fossil fuel use, deforestation, methane emissions by the livestock, and the emissions by fertilizers. This can be reduced by changing feed, the intensity of production, improving animal productivity and fertility, and other farming practices [90]. More in detail, studies have compared the greenhouse gas emissions of livestock, especially bovine animals, that were managed in different ways. An analysis by Capper [91] highlights how the impacts of beef production have been reduced in the last 30 to 40 years; however, there is still room for improvement. Indeed, studies by Pelletier et al. [92] and by Casey and Holden [93] show how different production strategies (also connected to EU agri-environmental measures or other food policies in the case of Ireland) can lead to different impacts per kg of beef or per land unit, focusing on two specific case-studies in the USA and Ireland, respectively. However, it is a complex issue that needs to be addressed and analyzed with a wide perspective, taking into account all direct and indirect impacts to be able to find efficient policies to reduce the impact of animal-based food products [87,94]. For example, in addition to trying to mitigate the environmental and climate impacts of meat production, as for food waste (Section 3.2), it is important to work not only at managing the problem but also on reducing its source. In this direction, dietary changes reducing the amount of meat consumed going towards more plant-based diets can make a big difference for the environmental impacts of the food system and also have some positive effects on consumer health [95,96]. Discussion on the role of consumers in affecting the sustainability of the food system and the importance of their engagement on the matter is discussed in the next section.





4. Consumer Preferences for Environmental Sustainability Attributes


Sustainable development goals cannot be fully reached unless action is taken on all fronts and by all actors. In this direction, consumers play an important role. Indeed, literature is increasingly highlighting how citizens/consumers need to be involved in finding and pursuing sustainable development goals [85,94,97]. The 2030 Agenda for Sustainable Development of the United Nations includes a sustainable development goal specifically targeting sustainable consumption and production (SDG12). Thus, highlighting how the sustainability of economic activities, including the food sector, is not only a matter of changing production methods, but also consumption patterns.



Consumers may have a role on the sustainability of the food system by altering their food choices both in terms of dietary shifts and of choice among similar products with different sustainability-related attributes [98]. Changes in consumer preferences may also steer new production methods and the research for new innovative and sustainable food products. Indeed, given the new aggregation possibilities provided by information and communication technologies, final consumers are able to collect and share much more information about current performances by food firms and are potentially more able to distinguish more sustainable food chains from less sustainable ones, with potential effects on firm reputation. Consumers are also citizens and thus they can give signals to policymakers such that sustainable development can become higher in the political agenda [99]. Moreover, consumers may also play a role in accepting (or not) new food technologies that might reduce the impacts of food production [100,101].



In this context, it is important to study consumer attitudes and preferences towards environmental sustainability [102]. Within the agri-food economics literature, an increasing number of papers are studying whether environmental sustainability issues are taken into consideration by consumers while making food choices [89,98,103,104,105]. Different approaches are adopted. Choice experiment-based studies are centered in finding how environmental attributes might affect food choices. Indeed, many experiments have been done to investigate the trade-off among different attributes [106]. For example, Hu et al. [107] jointly evaluate attributes related to health, environmental sustainability, and genetic modifications. Caputo et al. [108] evaluate willingness to pay values for carbon labels and food mileage indications. Consumer attention for greenhouse gas emissions related to food products has also been investigated by other scholars [109,110].



Other studies are instead more focused on studying the antecedents of environmentally sustainable choices. Many of these studies are set within the theory of planned behavior (TPB) framework whose assumption is that behavioral intentions are related to consumer attitudes, subjective norms, and perceived behavioral control [111]. Other antecedents of the intention of performing an environmentally sustainable food-related behavior are related to environmental concern, environmental or sustainability knowledge, and general environmental behavior [112,113,114,115]. In general, results suggest that the higher the concern, knowledge, and environmental behavior on other aspects, the more likely consumers are to engage in sustainable food choices. Other studies have focused on trust [116,117]. For example, Nuttavuthisit and Thogersen [118] highlight how trust is essential in the case of green products with credence attributes [104]. A paper by Ricci et al. [119] confirms such results in the particular case of convenience food with environmentally sustainable attributes. This is particularly interesting because convenience food is gaining more and more importance among consumers, especially in urban areas, due to their time-saving services [120], but such products are often considered unsustainable [121].



Nudge-based research, instead, analyzes to what extent changes in the choice architecture via informational and non-informational cues affects environmentally sustainable food choices. The idea behind nudges is to stimulate citizens/consumers to take choices that are better for them using prompts that do not call for extensive cognitive evaluations or consideration of one’s own values or attitudes, but more rapid intuitive responses [122]. Experiments are often done in the field either at restaurants, canteens, or shops by working on product positioning, menu design, plate size, and other initiatives. For example, some researchers have targeted vegetarian choices in a restaurant working on saliency of the vegetarian option [123,124]. De Boer et al. [125] instead focused on plate size and on “veggy-days” initiatives. Other researchers focused on carbon labelling [126,127]. For example, Brunner et al. [128] studied the effects of a traffic-light labelling on menus providing information on the greenhouse-gas emissions related to the available dishes. Results from these types of studies vary quite substantially, with some studies finding favorable results and others finding minimal changes, especially in the long term. However, more research is needed in this field as nudge-based studies on environmental sustainability issues are still very limited.



Another difference in the literature is related to the focus of the various studies. Some papers are very general in their scope, others focus on specific sustainability attributes available on different products, or on specific types of products. More in detail, the most-studied topic is related to consumer preferences for agricultural practices, in relation to organic products [129,130,131,132,133]. Fishery products have also been studied quite widely [134,135,136]. Other work has focused more specifically on wine, meat, chocolate, coffee, and other products [137,138,139,140,141]. Some studies are also starting to investigate the willingness to make dietary changes, and in particular, to reduce meat consumption to favor the environment. Studies have focused on consumer preferences for different attributes of meat and plant-based products [142], others on consumer perception and attitudes and beliefs about vegetarianism and meat consumption [143,144], and on eating motives [145]. As discussed in Section 3.3, this has a strong potential for reducing several externalities that the current food system imposes on society.



Consumers may have an effect on the sustainability of the food system not only by focusing on the choices among products, but also changing their purchasing and consumption behavior to reduce household food waste [146,147]. Indeed, as highlighted in the previous section, in recent years the economic literature has devoted much attention to evaluating the impacts of the different available strategies in order to prevent waste generation, i.e., work at the highest levels of the waste hierarchy (Figure 1). More in detail, the research focuses on what might be the behaviors or the motivations that generate food waste [148,149,150]. Results indicate that building consumer knowledge may be a useful means to reduce waste at the consumer level [151]. Recent literature highlights the role of labelling and the related levels of consumer understanding and trust in labelled information in reducing household food waste [152,153].



What emerges from these consumer studies is that there are segments of the population that are interested in the environmental sustainability of their food choices. Many papers highlight that those who are female, richer, and more educated tend to be more sensitive to these issues. Age has been found to have both positive and negative associations. Indeed, some studies find that older people care more for the environment, possibly because they have fewer budgetary constraints and more time, while others find that younger people are more sensitive, possibly because they have had a stronger education regarding sustainability issues. However, other studies highlight how socio-demographic characteristics are less important than more value-based variables. A common result that often emerges is that there is an attitude–behavior gap [89,154,155] between people’s attitude and intentions towards environmental sustainable food choices and their actual behavior. This could be related to budget constraints, low availability of sustainable options, lack of procedural knowledge, and inability to distinguish between products with different levels of sustainability attributes, lack of time, and other potential barriers that need to be addressed in order to support the transition towards more environmentally sustainable food choices.




5. Migration and Climate Change


Goals 1, 8, and 13 of the Sustainable Development Goals are related to avoiding poverty, creating better working conditions and economic growth, and studying how climate change may be controlled thought specific actions, respectively. Hence, studying the link between climate change and migration can be considered a step forward in understanding the impacts of environmental variations on socio-economic outcomes such as human mobility and/or poverty [156].



One of the main channels through which climate change may affect internal or international migration is agriculture since, as outlined in detail by the empirical literature, it is the sector most affected by weather variations [157,158].



As described in Figure 2, we can consider climate change as an exogenous shock that may impact agriculture (i.e., agricultural productivity), which is the channel through which variations in temperature and precipitations force individuals to move.



Even if in the last years, both international organizations and political institutions have underlined the key role of climate change on human mobility, studies on the empirical evidence linking climate change and migration are still in a preliminary phase. This is because, while it could be easily documented that a link between climate change and human mobility exists, it is more complex to deeply understand the mechanisms behind this link, since the impact of climatic shocks depend on both their intensity and the fact that climate change may affect migration either directly, or indirectly through other factors (i.e., the agricultural channel proposed in Figure 2).



In general, the motivation behind the decision to migrate, either within the country or internationally, is driven by the possibility to increase the individual’s or the family’s income [159,160], to reunite with other family members, or to run away from origin countries where there are conflicts or inadequate political institutions [161]. An additional category concerns those that the literature calls “environmental migrants,” that are individuals who consider migration as a possible insurance mechanism toward natural disasters and weather variations if they do not have alternative adaptation strategies and specific liquidity constraints [162].



Falco et al. [163] provide an overview of the recent literature on climate change and migration and on the empirical econometric methods applied in this field. In principle, the authors describe the literature on the economic effects of climate change on agriculture through the econometric methods adopted for the analysis: integrated agro-economic models, Ricardian models, or time-series and panel models [164,165,166]. Hence, they present some of the main contributions on the impact of climate shocks on both internal and international migration; therefore, they present a review of the literature differentiating between micro and macro studies. In general, they show that the importance of agriculture emerges from both microlevel country studies and macrolevel analyses using cross-sectional data over longer time periods. Thus, “policy actions targeted to sustainable agriculture and rural development can both help tackle the challenges posed by climate change and create opportunities in the face of growing migration issues” [163]. However, they also emphasized that much of the evidence is based on statistical correlations, which do not imply causal inferences; hence, further research should use a more structural approach and more sophisticated research designs.



In line with the idea above, the work by Falco et al. [167] tries to fill this gap. They find, empirically, that negative agricultural (outcome) variations due to an increase in temperature and precipitations are possible motivations behind the individual’s (or family’s) decision to move [156,168]. This is because agricultural outcomes are one of the main sources of income, especially in developing countries where most migrants are coming from, and also because agriculture is, by far, the sector most affected by climate variations, since short- and long-term effects of climate change have significant impacts on agricultural productivity [169], rural livelihoods, and food security worldwide [170,171,172]. Using a data set of more than 150 countries from 1960 to 2010, they use a two-stage least square (2SLS) approach to test if there exists a causal relationship between changes in agricultural conditions and international migration. Their results provide convincing support that negative shocks in agricultural productivity, induced in particular by a long-run increase in temperature and precipitations, positively affect net migration outflows in middle–poor countries.



Another conceptual step toward a deeper understanding of the role of agriculture in mediating the relationship between migration and climate change may be represented by the addition of the conflict argument in the framework described above. Given the results from Falco et al. [167], conflicts can be considered as an individual migration pushing factor as a consequence of agricultural shocks due to climate variations [173,174,175]. A possible idea may be to implement an econometric estimation to examine whether an increase in temperature and precipitations may negatively affect agricultural productivity and hence may generate conflicts and/or induce individuals to leave the country and became asylum applicants.



An additional contribution to address the issues described above may be to employ a well-known approach in the international trade literature in the migration literature, namely dealing with zeros in the dataset [176]. Using a two-step Heckman selection framework, the idea is to replicate the analysis proposed by Missirian and Schlenker [177]. In fact, adopting a fixed-effect econometric model, linking directly the asylum applications towards EU to the weather variations in the origin countries, the model adds a correction for a sample selection effect, i.e., the inverse Mills ratio derived from the Heckman first stage regression. Future research could also go in the direction of accounting for the heterogeneity in the agricultural sector. Following the micro evidence in Bazzi [178], where an increase in precipitations and rice price shocks increase international migration, particularly in villages with more small landholders, it could be relevant to extend this idea to a generalized gravity framework with a large time period.




6. Conclusions


The increasing worldwide attention toward the better protection and preservation of the environment has made sustainability the focus of many academic studies. In particular, agricultural economists in the last few years have concentrated their attention on studying how sustainable development is connected with green agricultural practices and to whole agri-food chains. This paper presents a review of some contributions to this literature coming from studies in the field of agricultural economics that consider from different perspectives how sustainability is actually tied to the environment, agriculture, and food consumption. The main findings, implications, and insights for future research for each of the topics discussed are visually synthesized to help the reader to build a clearer picture of the different perspectives (Appendix A). More specifically, what emerges from our review is that sustainable development is a key driver of agricultural policies, which are more and more oriented to create incentives for a better protection and management of the environment. Along the same line, innovation in the agri-food sectors is attempting to consistently reduce the impact of agricultural production and food consumption on the environment. The importance attached by consumers to sustainability issues plays a key role in the attempt of pursuing Sustainable Development Goals as it may represent a key driver for the development of policy oriented toward this purpose. Finally, a relevant emerging topic pertains to the relationship between migration and climate change. Our review suggests that agriculture plays an important role in mediating this nexus as climatic shocks negatively affect the primary sector, which represents the main source of income, especially in developing countries.



Overall, the contents of this review suggest one more time the importance of pursuing sustainable development. From this perspective, academic studies should give priority to the analysis of this topic, where perhaps a more interdisciplinary approach may lead to an improvement of current knowledge.
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Table A1. Summary of major findings, implications, and future research insights for the different topics analyzed.
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	Topic
	Main Findings
	Implications
	Future Research





	Agricultural and agro-energy policy toward a sustainability path
	Farm level agricultural policy schemes, aimed at fostering environmental sustainability, may lack territorial targeting and weaken economic and social sustainability in some areas.
	Such shortcomings may be addressed by setting up a monitoring system to assess ex-ante and ex-post impacts of agricultural policy on the three pillars of sustainability
	Current indicators used to assess agricultural sustainability should be reinforced, through a better integration of farm-level and territorial databases



	Agbiotech innovation for sustainable agriculture
	Increasing patenting activity over time, innovation able to provide solutions for a more sustainable production system
	Policies aimed at promoting the adoption of NBT based products
	Identification of drivers/constraints related to innovation capacity and competitiveness and their impact on productivity



	Food waste reduction
	Prevention is the most preferable option from an economic and environmental perspective
	Need to implement policy interventions and incentives to decrease food waste generation and promote re-use
	Models for the estimations of the economic gains derived by the implementation of different food waste reduction strategies



	Increasing the sustainability of food production
	Different production strategies can lead to different impacts, reduction in meat consumption is one of the most effective solutions
	Measures to incentivize input-use efficiency and resource protection and promote the shift toward more sustainable consumption patterns
	Assessment of the environmental and economic costs associated with current food production practices



	Consumer preferences for environmental sustainability attributes
	Growing concern among consumers about the environmental impacts of their everyday food choices. Not all consumers are conscious and interested in these aspects, and even those that are concerned often do not take on sustainable behaviors
	More effort in finding ways to better communicate the impacts of day-by-day food choices and in understanding the motivations behind the attitude-behavior gap
	Further studies should investigate how to motivate different types of consumers so that they can make more sustainable choices reducing the environmental impacts of the food system



	Migration and climate change
	Negative agricultural variations due to an increase in temperature and precipitations are possible motivations behind the migration decision
	Socio-economic policies have to take into account the fact that climate change may induce more individuals to move
	Analysis of the relationship between climate change, agricultural productivity, conflicts, and migration so that a negative impact of climate change on agricultural productivity may generate conflicts, hence may force human mobility
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Figure 1. Food waste hierarchy and relevant literature. 
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Figure 2. The effect of climate change on migration throughout the agricultural channel. 
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