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Climate change, undernutrition and obesity have been characterized as a “global syndemic” – pandemics that interact. Together, they are the paramount challenge to both human and planetary health, affecting all regions of the world and sharing common drivers. Climate change and biodiversity loss are expected to increasingly affect natural-resource availability and use, food security and malnutrition in all its forms.
Climate change and biodiversity loss are key drivers shaping agri-food systems, from the use of natural resources and the production of food to the accessibility of healthy diets. Conversely, agri-food systems are a top contributor to climate change and biodiversity loss. However, each component of agri-food systems impacts climate change and nutrition outcomes in different ways. This is why the Members States of the Food and Agriculture Organization of the United Nations have officially adopted the term “agri-food systems” – to emphasize the continuity from eco-systems all the way to the consumption and disposal of foods.
This working paper highlights the linkages between climate change, biodiversity loss and malnutrition, using an approach that puts food at the centre as the single strongest lever to optimize human health and environmental sustainability.
It represents an important step on the journey towards an interdisciplinary collaboration to transform our agri-food systems in ways that allow them to better adapt to and mitigate climate change, drastically reduce biodiversity loss and tackle malnutrition in all of its forms.
We view this work as a crucial contribution for motivating the inclusion of climate and biodiversity considerations within nutrition work and the consideration of nutrition outcomes into work focused on climate change and biodiversity. Taking these components together, we can build resilient, inclusive and sustainable agri-food systems. For this to happen, all parts of government and society will need to engage using their collaborative advantages to generate more impact, and we provide recommendations for actions that all stakeholders need to take to move this agenda forward.
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Humankind is facing a perfect storm of climate change, biodiversity loss and multiple forms of malnutrition (stunting, wasting, micronutrient deficiencies and obesity) coexisting in the same country, community, household and even individual.
Each of these is well known and well recognized. For example, in 2018 the United Nations Secretary-General warned of the “direct existential threat” presented by climate change and called for the world to act swiftly and robustly to limit further warming of the atmosphere. Biodiversity loss is well documented, although this tends largely to overlook loss of genetic diversity in crops, livestock, poultry and aquatic foods that are farmed, focusing more on headline species facing extinction. The triple burden of malnutrition – undernutrition, overnutrition and micronutrient deficiencies – is a focus for much work in the nutrition sector.
But what seems to be missing in many development and policy circles is a recognition that food production is at the centre of all three of these issues. As stated by the EAT-Lancet Commission, “Food is the single strongest lever to optimize human health and environmental sustainability on Earth. However, food is currently threatening both people and planet” (EAT, 2019). Crop and livestock production occupy about half of the world’s habitable land surface and consume about three-quarters of the world’s freshwater resources. About three-quarters of deforestation – currently running at about 5 million hectares a year – is driven by agriculture, particularly clearing forest to plant crops or raise livestock, driving biodiversity loss and contributing to climate change.
Turning this around requires food to be part of healthy diets that are “based on a great variety of unprocessed or minimally processed foods balanced across food groups (e.g. cereals, roots and tubers, vegetables, fruits, dairy, fish, meat, eggs, oils and fats), while restricting highly processed foods and drink products” (FAO and WHO, 2019).
And the starting point for this is to adopt an agri-food systems perspective – from the ecosystems supporting food production to the actual production, processing, distribution, preparation and consumption of food. Doing so can help to identify key policies and actions needed to address the challenges of climate change, biodiversity loss and nutrition and clarify their health, environment, social equity and economic impacts (HLPE, 2017).
This paper presents the findings of a desk review conducted by the Food and Agriculture Organization of the United Nations that found that the majority of tools used to study climate change, biodiversity or nutrition focus on only one or two of these domains and very few explicitly address all three. The same goes for policies in the three sectors. It also identified numerous entry points to improve biodiversity and diets as the two levers to improve nutrition and optimize environmental sustainability.
Based on these findings, the study makes a number of recommendations for action by governments, academia, civil society, the private sector and international organizations to address these shortcomings.
Emerging evidence suggests that the microbiome (that is, the community of microorganisms in a specific ecosystem) could be the missing link to uncovering the pathways and common drivers behind the triple challenge of malnutrition, climate change and biodiversity loss (FAO, 2019b).
We propose the theory of change in Figure 1, which has biodiversity and healthy diets as key levers to improve nutrition and optimize environmental sustainability. This recognizes the importance of agri-food systems that are inclusive of the most vulnerable people and resilient to shocks and stresses from climate change, based on the following premises:
If biodiversity within and across terrestrial, marine and other aquatic ecosystems is protected and promoted as the foundation for healthy diets through agroecological, people-centred approaches, then a wider range of sustainable production systems (agriculture, forestry and fishery) will be incentivized; as a result a variety of safe and nutritious foods will be made more accessible and affordable throughout the year.
Climate-change adaptation comprises the measures that the agri-food systems must adopt in response to the adverse effects of climate change and in preparation for future shocks and stressors; it includes actions from the ecosystems level all the way to the coping behaviours of consumers (FAO, 2018a). In contrast, climate-change mitigation starts from the standpoint of the consumer, demonstrating the critical role that changes in demand can play in incentivizing shifts in the supply of foods that reduce pressure on the environment and biodiversity loss and contribute to the reduction of greenhouse gas GHG emissions (FAO, 2018a).
Climate change and the loss of biodiversity impact food in a variety of ways. Climate change affects crop yields and productivity and reduces levels of nutrients in plant-based foods (particularly cereals and legumes) as a result of increased levels of carbon dioxide in the atmosphere. Loss of genetic diversity reduces the availability of genetic variation to breed crops to withstand climate change and reduces the range of crops and livestock available to provide a healthy diet (FAO, 2020a; FAO, 2019c; Smith, Thornton and Myers, 2018; Scheelbeek et al., 2018; Myers et al., 2017; Taub, Miller and Allen, 2008). A rise in soil and air temperature has also been associated with an elevated presence of heavy metals in crops, such as arsenic in rice (FAO, 2020a). Global warming, destruction of natural habitats, deforestation and exposure to synthetic chemicals have contributed to the loss of beneficial organisms such as pollinators and pest-control regulators, affecting crop production and the natural maintenance of terrestrial ecosystems (Raven and Wagner, 2021; FAO, 2019d; Marshman, Blay-Palmer and Landman, 2019). Increased heat and water stress increases the incidence of pests and diseases during production and of foodborne pathogens and mycotoxins during food storage, processing and transportation (FAO, 2020a; FAO, 2019c; Smith, Thornton and Myers, 2018).
Climate change and biodiversity loss disproportionally affect vulnerable rural communities and Indigenous Peoples who rely on natural resources and agriculture for their livelihood and access to food (Mbow et al., 2019; FAO, 2016a). Rural communities in low-income countries are among the most vulnerable to food losses because they have limited access to technology, retail infrastructure, cold storage and water (FAO et al., 2020a; FAO et al., 2018; FAO, 2017b). Nutritious foods tend to also be highly perishable, limiting their accessibility and making them liable to loss of quality and safety, which affects their price stability and affordability (FAO et al., 2020a; HLPE, 2017). Furthermore, the poorest populations and those with the fewest resources are increasingly dependent on markets in which foods that are low in nutrients and highly processed are often more accessible and affordable than those that are nutritious and fresh, making healthy diets unattainable (FAO et al., 2020a).
Climate change and the loss of biodiversity impact nutrition through multiple pathways, including those related to food and diets, care practices and environmental health (FAO et al., 2020a; FAO et al., 2018; FAO, 2017b). Nutritionally vulnerable individuals such as women and children are affected in different ways than less vulnerable individuals, such as men (FAO et al., 2020a; FAO et al., 2018; FAO, 2017b). For example, water scarcity not only affects women’s care practices, it also impacts young children more severely due to their increased risks of acute diarrhoeal symptoms and reduced nutrient absorption because of environmental enteric dysfunction (Budge et al., 2019). Children and women may also be affected by cultural and societal norms that further limit their ability to access safe and nutritious food in the context of unaffordable healthy diets (WHO, 2020a; IPCC, 2018a).
Extreme natural events are having a negative effect on global insect populations in areas with significant levels of biodiversity such as the Amazon rainforest (França et al., 2020). Agri-food systems depend on the ecosystem services that beneficial organisms provide (Raven and Wagner, 2021). The loss of insects, such as pollinators or predators of crop pests, as well as other biodiversity in and around agricultural fields, would have an impact on all ecosystems and drastically alter human food systems, resulting in an estimated loss of crop productivity of at least 75% and the need for costly alternatives (FAO, 2019d; Marshman, Blay-Palmer and Landman, 2019).
Loss of agrobiodiversity, including loss of crop diversity, traditional varieties, and lower in-field diversity, increases vulnerability to climate change and increases crop failure. Although more than 6 000 plant species have been grown for food at some time in the past, more than 40 percent of global caloric intake currently comes from just three staple crops: rice, wheat and maize (FAO, 2018e). Similar trends are seen in other areas such as aquaculture, where only 10 out of 580 species account for 50 percent of the total production (FAO, 2021c).
Agri-food systems, climate change and biodiversity interact and affect each other. On the one hand, agri-food systems are affected by climate change and biodiversity, while on the other hand, agri-food systems are also a major driver of impacts on the environment through soil damage, deforestation, depletion of freshwater resources and pollution of aquatic and terrestrial ecosystems as a result of unsustainable farming practices (FAO and WHO, 2019; FAO and IPCC, 2017). Based on current trends, the environmental effects of the agri-food system are projected to increase by 50–90 percent between 2010 and 2050 (Springmann et al., 2018).
In a context where many countries are transitioning to higher incomes and urbanization, public subsidies and business models fuel an increasingly homogeneous food landscape, one which is dominated by few staple commodities and a preponderance of highly processed foods and drink products often promoted by heavily funded marketing strategies (FAO, 2016b). The demand for highly processed foods and drink products, which rely on a limited number of commodities (e.g. sugar, wheat, soya bean and palm oil), is directly linked to unsustainable production systems that threaten the ecosystems and the livelihoods of those dependent on them while also negatively impacting consumers’ health (Fardet and Rock, 2020; FAO, 2019e; FAO and WHO, 2019).
In 2019, FAO and the World Health Organization (WHO) organized an international expert consultation to investigate links between healthy diets and aspects of environmental, economic and sociocultural sustainability. As stated by the guiding principle, “Sustainable Healthy Diets promote all dimensions of individuals’ health and wellbeing, have low environmental pressure and impact, are accessible, affordable and equitable, and are culturally acceptable” (FAO and WHO, 2019). They include whole grains, legumes, nuts and an abundance and variety of fruits and vegetables, and can include moderate amounts of eggs, dairy, poultry and fish and small amounts of red meat.
Cross-cutting theme: Resilience
Shocks caused by climate change threaten to disrupt food production, storage, processing, distribution and markets, affecting the availability of food, increasing food price volatility, exacerbating existing inequalities and worsening the outcomes for already vulnerable groups (FAO et al., 2020a; FSIN, 2020). The inter-agency UN common guidance on helping build resilient societies (United Nations, 2020) outlines the need for systems to prevent, anticipate, absorb, adapt and transform ahead of multiple risks and crises to reduce the impact of shocks and stressors. Resilience-building must be addressed at all levels, identifying the most vulnerable individuals, households and communities that may lose their productive assets and sources of income and lack access to safety nets to withstand shocks and that are thus at risk of becoming increasingly incapable to meet their dietary needs (FAO, IFAD and WFP, 2015).
Monitoring systems, including surveillance programmes and early warning systems, can contribute to increasing the adaptive capacities of farmers, pastoralists and forest and fishing communities, building resilience to shocks (FAO et al., 2018; UNDRR, 2015). However, these must be supported by agri-food systems that promote biodiversity and sustainable natural-resource management to increase resilience and protect ecosystem goods and services while enhancing livelihoods and nutrition (FAO et al., 2020b).
Cross-cutting theme: Gender
Gender is a leading determinant of food access and nutritional status. Women and girls have greater nutrient needs than men and boys, and yet women are more likely to be food insecure and suffer from varying forms of malnutrition (including undernutrition, micronutrient deficiency, and overweight/obesity) in comparison to men in every region of the world (FAO et al., 2020a). The diets of mothers impact the lifelong health outcomes of their children (FAO et al., 2020a). To prevent intergenerational cycles of malnutrition, it is essential that women gain adequate access to healthy diets (WHO, 2019).
Existing dietary inequalities already affect the adequacy of complementary feeding for young children in terms of meal frequency and diversity and these are expected to worsen with climate change and associated seasonal variability. Studies on women’s seasonal work and pregnancy outcomes have suggested that low birth weights are associated with women’s seasonal workload and related conditions (Wijesinha-Bettoni et al., 2013).
Agrobiodiversity provides a food security safety net for women; however, it is threatened by climate change and unsustainable land and natural-resource use (WHO, 2020b). Empowering women and taking into consideration their specific vulnerabilities created by seasonality and threats from climate change are key to designing policy interventions that improve environmental and nutrition outcomes (IPCC, 2019).
Cross-cutting theme: Indigenous Peoples
Indigenous Peoples’ food systems are considered among the most sustainable on the planet, as they generate and produce food in harmony with nature (United Nations, 2017; Kuhnlein, Erasmus and Spigelski, 2009). Although indigenous territories cover only 28 percent of the world’s land surface (Garnett et al., 2018), they harbour 80 percent of the planet’s biodiversity (Sobrevila, 2008). As a result, Indigenous Peoples’ diets are often made of hundreds of species of edible and nutritious foods. The rich biodiversity in Indigenous Peoples’ territories supports and is supported by rich traditional knowledge, indigenous languages and cosmogonies, which together enable Indigenous Peoples’ high capacity to understand and respond to environmental changes and shocks over time (FAO, 2021m). Territorial and natural-resource management practices that are now widely used for climate-change adaptation and mitigation, including sustainable forest management and the protection of agrobiodiversity, are largely based on ancestral and traditional knowledge of Indigenous Peoples (Parrotta, Yeo-Chang and Camacho, 2016). Indigenous Peoples´ governance systems – including customary institutions, management and co-management regimes – are effective in building climate resilience through safeguarding ecosystems and biodiversity.
There are 476 million Indigenous persons across the world, and they mostly rely on their own food systems to survive. Indigenous food systems are often not exclusively based on farming, but also make use of gathering, hunting and fishing. Thus, tools and policy interventions involving Indigenous Peoples must consider this diversity of practices in their food systems, and how these might be differentially impacted. Intercultural food policies based on the co-creation of knowledge are needed to recognize and strengthen the climate resilience, nutritional qualities and food security of Indigenous Peoples’ food systems. Providing evidence to support knowledge co-creation is one of the main aims of the Global-Hub on Indigenous Peoples’ Food Systems. The Global-Hub on Indigenous Peoples’ Food Systems is a knowledge platform that brings together Indigenous Peoples, universities and research centres, and United Nations entities, and which builds on scientific and Indigenous Peoples’ knowledge with equal level of respect and consideration.
Indigenous Peoples’ food systems are often neglected or negatively affected by government programmes on nutrition, agricultural development, and nature conservation (Hunter, Borelli and Gee, 2020). Failure to consider Indigenous Peoples’ food systems in policy not only often results in the reduction of food genetic diversity and access to natural resources but also affects Indigenous Peoples livelihoods, culture and wellbeing, especially those of Indigenous youth, in many ways. For example, lack of access to natural resources and land among young Indigenous Peoples, breakdown of intergenerational cultural transmission and lack of intercultural education affect dietary habits, traditions and knowledge among younger generations (Hunter, Borelli and Gee, 2020). Global efforts that seek to build climate resilience, conserve biodiversity and end all forms of malnutrition must thus include and ensure Indigenous Peoples’ rights to preserve their territories, culture and traditional knowledge.
Tools, policies and actions are urgently needed to deliver agri-food systems that are sustainable, inclusive and resilient and that contribute to progress on Sustainable Development Goal (SDG) 13 (climate change) and SDG 2 (hunger and malnutrition). Progress is also needed towards other equally important SDGs such as SDG 1 (poverty), SDG 5 (achieve gender equality and empower all women and girls), SDG 12 (sustainable consumption and production), SDG 14 (life below water) and SDG 15 (life on land) to ensure the availability and accessibility of sustainable healthy diets.
Climate change affects entire agri-food systems but impacts on individuals depend on their livelihoods and access to resources. Changes in ecosystems, food production practices and consumption patterns have the potential to affect climate change, biodiversity and nutrition in a variety of ways. Therefore, tools and methodologies are needed that allow us to explore the complexity of existing linkages, both direct and indirect.
In 2020, FAO conducted a desk review to analyse tools and methodologies published since 2015 that address topics of climate change, biodiversity and nutrition (see annex 2 for the methodology and annex 3 for the list of tools and methodologies analysed). Of the 55 tools examined, 26 related to climate change, 13 to nutrition and food security and 16 to biodiversity. Only three of the tools fully assessed the interlinkages between the three domains: The Bioversity/IDS Toolkit for assessing community-level potential for adaptation to climate change; FAO’s Tool for Agroecology Performance Evaluation (TAPE); and FAO’s Sustainability Pathways: Sustainable Assessment of Food and Agriculture Systems Tool 3.0 (SAFA).
The Toolkit for assessing community-level potential for adaptation to climate change developed by Bioversity International and the Institute of Development Studies, UK (Ulrichs et al., 2015) applies the principles of participatory approaches, including tips for understanding local food markets, food security and nutrition situation. The Toolkit maps out how to understand local food knowledge and agri-food systems and nutrition by taking into consideration agroecology, land and natural-resource management, and health and sanitary concerns. This includes mapping timelines related to climate change and climate variability. The Toolkit also maps differing livelihood strategies for adaptation on a seasonal calendar, with consideration for the impact of climate threats and food insecurity on different groups, including using sex-disaggregated data. A guiding question asked by the Toolkit is “What are the local indicators and categories of well-being?” with a focus on environmental, socio-economic and dietary diversity indicators. The Toolkit offers strategies to encourage farmers to adjust their crop plans to include more diverse and climate-adapted crops and animal breeds, ensuring resilience and improved nutrition outcomes even during dry seasons.
FAO’s Tool for Agroecology Performance Evaluation (TAPE) (FAO, 2021a) provides evidence to policymakers and other stakeholders on how agroecology can contribute to improved biodiversity conservation, natural-resource management and nutrition. TAPE links the role of agroecology to the SDG indicators to ensure measurability and monitoring. TAPE adapts existing frameworks that assess agroecology to create an interdisciplinary framework that allows for data-collection integration on the farm, household, community and national levels. The tool’s methodology describes how to connect policymakers with food producers and community food and nutrition needs using a systematic and flexible approach that can adjust to varying circumstances and community needs. A founding principle of TAPE is to “highlight the contribution of agroecology to global challenges and trends, especially food security and nutrition, climate-change adaptation and mitigation, biodiversity and land degradation” (FAO, 2021a).
FAO’s Sustainability Pathways: Sustainable Assessment of Food and Agriculture Systems Tool 3.0 (SAFA) (FAO, 2021b) is a software that helps enterprises assess their sustainability and natural-resource use. SAFA provides linkages with other sustainability tools to ensure its accuracy in analysing the sustainability of food and agricultural value chains. SAFA measures enterprises’ sustainability in terms of biodiversity preservation and natural-resource management, with a focus on ensuring dietary quality. The SAFA framework guides the proper use of indicators applicable to food and agriculture supply chains for crops, livestock, forestry, fisheries and aquaculture enterprises, mapping the intersection of environmental integrity, good governance, economic resilience and social well-being.
Several other tools integrate climate change and biodiversity concerns but fail to consider nutrition beyond food security. Among these, FAO’s Tracking Adaptation in Agricultural Sectors tool (FAO, 2017c) and CGIAR’s Global Yield Gap Atlas (CCAFS, n.d.) take into account climate impacts at different scales to account for vulnerability and allow for context-specific planning. The latter highlights yield stability and yield gaps, the difference between current farm yield and potential yield when crops are grown with optimal nutrient supply and protection against pests, to help build climate-resilient production systems (CCAFS, n.d.). FAO’s Tracking Adaptation in Agricultural Sectors tool assists with tracking adaptation processes and outcomes to build capacities and to better understand the effectiveness of climate-focused interventions (FAO, 2017c). FAO’s Biodiversity Integrated Assessment and Computation Tool (B-INTACT) (FAO, 2021d) measures agrobiodiversity practices, including crop diversification, intercropping, crop rotation, the use of crop wild relatives, traditional and indigenous crops, on-farm conservation, water harvesting and soil retention methods. The tool computes policy indicators including the percentage biodiversity loss, number of hectares experiencing biodiversity loss and the cost (in USD) of lost social value associated with the corresponding biodiversity loss. Similarly, FAO’s The EX-ACT Value Chain (EX-ACT VC) tool (FAO, 2021e) analyses crop and livestock production, including considerations of soil type, deforestation associated with production, coastal wetlands, fisheries and aquaculture, calculating the emissions per hectare of each production system. Although B-INTACT and EX-ACT VC account for diverse food production and its environmental impacts, neither tool calculates the predicted nutrition impacts resulting from the food production system measured.
A benefit that several assessment tools provided is the mapping of climate impacts over time to better demonstrate the effects on biodiversity and agri-food systems, highlighting the effect on food security and resilience. A clear advantage of some tools is their flexibility which has allowed them to be applied to different regions and countries, with differing ecosystems, socio-economic statuses, climate threats and malnutrition challenges – demonstrating the universality of climate-change concerns and the need for geographic and context-specific interventions to improve resilience and nutrition outcomes.
To explore the coherence and interlinkages between existing national policies, the study conducted a desk review to analyze the publicly available national documents on climate change, biodiversity and nutrition1 found in FAOLEX dating from 2015 to the present (FAO, 2021f).
Out of the 196 FAO Member States, 46 had national policies or strategies relating to climate change, biodiversity and nutrition, with a total of 140 documents available for review (see annex 4 for the methodology). Climate change and nutrition were considered fully in 13.7 percent (7/51) of the policies categorized under biodiversity, while 25 percent (12/48) of nutrition policies and 26.3 percent (10/38) of climate-change policies did not even mention biodiversity.
Only 16 policies (11.4 percent) showed clear links between climate change, biodiversity and nutrition (see annex 5 for the list). The seven biodiversity policies in this category emphasize how biodiversity conservation and agroecological practices can build livelihood resilience to shocks and stresses while contributing to improved diets and nutrition outcomes. The four climate-change policies in this category promote sustainable natural-resource management and agrobiodiversity conservation to support ecosystems and food production systems, ensuring food availability and dietary diversity. The five nutrition policies in this category take into account the need for climate-change adaptation and mitigation and consider biodiversity and agroecological approaches as relevant to increasing the nutritional quality of diets. All the policies in this category were strong in their inclusion of gender, including the differing nutrition requirements of women and girls, and emphasized the need for sex-disaggregated data when monitoring and evaluating the policy’s effectiveness. However, only three included direct reference to Indigenous Peoples, who provide vital contributions to climate-change adaptation and mitigation but whose livelihood is strongly affected by climate change.
All the policies reviewed would have benefited from a stronger inclusion of the potential risks and needs for trade-offs when considering the environmental, health and/or socio-economic impacts, especially to protect vulnerable groups.
Only 9 percent (4/46) of countries had policies that overall showed a strong level of synergy between those relating to climate change, biodiversity and nutrition. Policies from Malawi showed an exceptional alignment with shared goals for biodiversity, climate-change adaptation and enhanced nutrition. The country’s National Resilience Strategy (2018–2030), National Agricultural Investment Plan (2018–2023) and National Multi-Sector Nutrition Policy (2018–2022) recognize the importance of agriculture and gender equality for nutrition security,2 resilience and climate-change adaptation. The National Resilience Strategy describes how the mission of various national policies link together to build multisectoral nutrition security and climate adaptability, stating that “nutrition is a multisectoral problem, and requires measurable, coordinated and context-specific set of nutrition-specific and nutrition-sensitive interventions through agriculture, social protection, health, water, sanitation and hygiene (WASH), education, gender and women’s empowerment and institutional strengthening.” The National Multi-Sector Nutrition Policy and the National Agricultural Investment Plan also describe the importance of stakeholder engagement to build climate-adapted nutrition security, highlighting the country’s participation in two continental African initiatives, Grow Africa and the New Alliance for Food Security and Nutrition. The National Agricultural Investment Plan examines how the reliance on growing maize, the country’s main food crop, has contributed to a loss in dietary diversity. The National Resilience Strategy describes the importance of biodiversity preservation for building resilience and food security. The National Multi-Sector Nutrition Policy describes the need for agricultural planning to mitigate food insecurity during emergency situations, suggesting that crop diversification could provide resilient food security and improved nutrition outcomes to better withstand shocks.
Ethiopia has three relevant policies that address climate change, biodiversity and nutrition. The country’s National Nutrition Program (2016–2020) linked dietary diversity with natural-resource management and climate-change adaptation, outlining the need for nutrition-sensitive agriculture to build food security and resilience. The situation analysis in the document emphasizes the importance of dietary diversity and sustainable agricultural practices that support and protect biodiversity. The Program engages stakeholders, such as the Ministry of Agriculture and Natural Resources, in initiatives to strengthen the implementation of nutrition-sensitive agricultural production, with a focus on micronutrient-rich pulses and vegetables. The Nutrition Sensitive Agriculture Strategy (2017–2021) contextualizes the impact of climate change and low dietary diversity on the nutrition situation in Ethiopia. The situation analysis in the Strategy highlights the need for clear intersectoral nutrition-sensitive interventions, specifically in regard to nutrition-sensitive agriculture (crop and livestock production, aquaculture, fisheries and forestry), to reduce malnutrition. The Nutrition Sensitive Agriculture Strategy also emphasizes the importance of nutrition security for gender equality. The National Nutrition Program and Nutrition Sensitive Agriculture Strategy both promoted the need for improved gender equality, increased female leadership and the use of sex-disaggregated data for monitoring and evaluation. In contrast, while the Climate Resilient Green Economy National Adaptation Plan (2016–2030) focuses on enhancing food security through improving climate-smart agricultural practices and biodiversity, it does not fully include nutrition or dietary diversity.
The Brazilian National Adaptation Plan to Climate Change (2016–2020), National Biodiversity Strategy and Action Plan (2016–2020) and National Plan for Food and Nutrition Security (2016–2019) incorporate nutrition considerations within national efforts to mitigate climate change and emphasize the need for biodiversity conservation for both climate resilience and improved nutrition outcomes. A strong focus of the Brazilian National Adaptation Plan is on collaborating with national food and nutrition security authorities and other stakeholders to improve adaptability of agri-food systems to extreme climate events and resilience to shocks. The National Adaptation Plan and National Biodiversity Strategy address the importance of empowering women and Indigenous Peoples to be able to build climate resilience and conserve forests, water ecosystems and biodiversity. The National Plan for Food and Nutrition Security identifies the need to monitor the food and nutrition security of specific vulnerable groups including “women, youth, indigenous, quilombolas, other traditional peoples and communities, and the black population.”
Kenya also provided a robust example of the impact of coordinating policies. The Kenya Climate Smart Agriculture Strategy (2017–2026), National Climate Change Action Plan (2018–2022) and National Food and Nutrition Security Policy Implementation Framework (2017–2022) provide coherent synergies that demonstrate the interlinkages between nutrition, biodiversity and climate-change policy interventions. In addition to cross-referencing all related national policies, each highlights the importance of dietary diversity, resilience-building and gender equality for improved nutrition outcomes, explaining the relationship between biodiversity, climate change and nutrition. The National Food and Nutrition Security Policy Implementation Framework and Kenya Climate Smart Agriculture Implementation Framework specifically include the need to identify, document and adopt indigenous food preservation methods, climate-smart agriculture practices and weather knowledge. The goal of the Climate Change Action Plan is to increase the resilience and productivity of agriculture and food systems that are “diversified, affordable, and able to meet diverse nutrition requirements of all people” including women, youth, people with disabilities and marginalized communities.
Additionally, Afghanistan, Bangladesh, Belize, Ghana, Niue, Pakistan and the Philippines had at least one policy that well integrated climate change, biodiversity, natural-resource management and nutrition concerns and outcomes. The National Agricultural and Food Policy (2015–2030) (Belize), the National Climate-Smart Agriculture and Food Security Action Plan (2016–2020) (Ghana) and Sindh Agriculture Policy (2018–2030) (Pakistan) include a strong focus on nutrition, incorporating the need for biodiversity to improve diets, while providing linkages to other national policies relating to climate change and nutrition. The Food and Nutrition Security Policy (2015–2019) (Nuie) establishes strong links between nutrition, climate change and nutrition, explaining that, “Niue is very vulnerable to natural disasters such as extreme weather phenomena, increasing Niue’s susceptibility to food insecurity and reduction of biodiversity with potential loss of some traditional food crops.” The Afghanistan Food Security and Nutrition Agenda also addressed the need for agrobiodiversity and resilience-building to improve nutrition outcomes. The Afghanistan National Comprehensive Agriculture Development Priority Program (2016–2021) includes malnutrition as a key area of focus, emphasizing the need for climate-sensitive natural-resource management to produce nutrient-rich crops to address malnutrition. The Philippines Biodiversity Strategy and Action Plan (2015–2028) and the Bangladesh Second Country Investment Plan (2016–2020) advocate for a nutrition-sensitive agri-food systems approach that stresses the importance of biodiverse food production systems for diverse diets as useful mechanisms for climate-change adaptation and mitigation. Further details about the highest rated policies can be found in annex 5.
While this review highlights the strengths of the policies, it does not assess their level of implementation and/or the results in terms of climate-change adaptation and mitigation, the reduction of biodiversity loss or the prevalence of malnutrition. Further work is therefore required to evaluate the impact of these policies.
Exploratory overview of FAO’s projects
To explore the coherence and interlinkages between existing FAO projects, the FAO Field Programme Management Information Systems (FPMIS) was used to identify projects operational in 2019–2020 that included at least one policy marker* that addressed climate change (divided into climate-change adaptation and climate-change mitigation), biodiversity or nutrition.
Of the 959 projects reviewed, 412 had only one policy marker of interest. Among these, 74 percent (305 projects) were assigned a nutrition policy marker. Of the remaining projects, 8 percent (34 projects) were on biodiversity, 12 percent (50) on climate-change adaptation and 6 percent (23 projects) on climate-change mitigation.
Of the 190 projects that included two policy markers, 43 percent (82 projects) included a nutrition policy marker, 33 in combination with biodiversity, 43 in combination with climate-change adaptation and 6 in combination with climate-change mitigation (Box table 1). Of the remaining projects that did not include a nutrition policy marker, 45 percent (85 projects) included both climate-change adaptation and climate-change mitigation and 12 percent (23 projects) included biodiversity and climate-change adaptation (17 projects) or mitigation (6 projects).
Of the 218 projects that included three policy markers, a nutrition policy marker was present in 56 percent (122 projects), 88 in combination with climate-change adaptation and climate-change mitigation, 24 in combination with biodiversity and climate-change adaptation and 6 in combination with biodiversity and climate-change mitigation (Box table 2). The remaining 44 percent (96 projects) had a combination of biodiversity, climate-change adaptation and climate-change mitigation policy markers.
A total of 143 projects include all policy markers as either a significant or a principal objective. While the nutrition policy marker is included in the highest number of projects (68 percent), it is the only such marker in almost half of them. Climate-change markers (adaptation and mitigation) are included together in many projects, commonly in combination with biodiversity or nutrition. However, the climate-change mitigation marker is less common than the climate-change adaptation marker. The biodiversity marker is included in the fewest projects (37 percent, 359 projects) but is in combination with other policy markers in the great majority of them.
A policy marker cannot provide an indication on the quality of the implementation and the resulting impact of the project but it shows what objectives are considered in the design stage. While nutrition appears to be well considered in the projects, there is significant room of improvement in building linkages with climate change and biodiversity to promote the needed transformations in the agri-food systems.
* A policy marker provides an indication of the inclusion of a specific topic in a project: whether the topic is NOT targeted (option 0), if it is included as a significant objective (option 1) or as a principal objective (option 2). The policy marker is assigned by the project formulator in the beginning but can be updated during the project life cycle. Specific guidelines are provided to support the assignment of the policy marker.
The relationship between nutrition, biodiversity and climate change can be better understood by looking at entry points in each component of agri-food systems, from ecosystems to consumer behaviour.
Table 1 highlights programmatic examples to demonstrate the potential of each entry point to improve biodiversity and diets – two key levers to improve nutrition and optimize environmental sustainability and to enhance the well-being of the most vulnerable people.
Climate change and biodiversity loss pose serious threats to agri-food systems and their ability to deliver safe and nutritious food to a growing population. A key part of the response to climate change will include the delivery of ambitious efforts to reverse biodiversity loss, reduce greenhouse gas emissions and promote agroecological, people-centred approaches that incentivize a range of sustainable production systems (agricultural, forestry and fishery). This will also require shifts in consumption patterns, primarily in high-income countries.
Within the framework of the 2030 Agenda and the Paris Agreement, there is a need for policies and programmes that strengthen the linkages between the climate change, biodiversity and nutrition communities using an agri-food systems approach that puts people, especially those most vulnerable, at the core (UNFCCC, 2021). The Committee on World Food Security (CFS) recently launched Voluntary Guidelines on Food Systems and Nutrition (VGFSyN), which provide policy recommendations that can help to enhance the required transformations of food systems (CFS, 2021). Finally, a multidisciplinary collaboration will also help to provide holistic solutions while using resources efficiently, and without duplicating efforts.
The following points focus on the key roles that can be played by governments, civil society actors, the private sector and development partners with examples from this paper.
A crucial first step is for policymakers to mainstream nutrition and dietary considerations into climate-change planning processes, especially in areas concerned with biodiversity, ecosystems and agri-food systems. In addition, nutrition policymakers should better consider risks related to climate change, biodiversity loss and unsustainable agricultural and agri-food systems practices. This paper provides examples of well-integrated policies that promote biodiversity conservation, climate change mitigation and adaptation, healthy diets and nutrition.
Government policies should create an enabling environment that incentivizes favorable practices from production all the way to consumption. Public procurement such as home-grown school feeding programmes can sustainably increase demand for and supply of safe and nutritious foods, while promoting agrobiodiversity. The complementary school food programme in the Plurinational State of Bolivia, for example, supported by the country’s Law on School Feeding, incentivizes pesticide-free local food production and agro-biodiversity to enhance meal diversity through increased access to traditional Andean grains, vegetables and fruits.
Policy coherence through multistakeholder dialogues is essential to promote an enabling financial landscape that helps identify key win–win solutions throughout agri-food systems, especially since current policies are lacking in identification of the risks and trade-offs of different policy options.
According to FAO (2021l), civil society “is made up of citizens and people from different regions around the world organized into constituencies, associations and groups to make their voices heard.”
Indigenous Peoples should actively engage in developing policies and interventions to address climate change, biodiversity and food systems. For example, the Alliance of Central American Indigenous Fishers was formed in 2018 to protect indigenous ecosystems, which cover 70 percent of the Caribbean coast of Central America and are already being severely impacted by climate change.
Traditional knowledge is vital for the development of integrated food systems that incorporate locally adapted annual and perennial crops, tree crops and terrestrial and aquatic animals to adapt to and mitigate climate change while enriching dietary diversity and contributing to livelihoods. For example, there are important lessons to be learned from the traditional knowledge embedded in the rice–fish–duck terraces of the Hani people in the Yunnan Province of China. Fish and ducks in the rice paddies help fertilize the crops and control pests and weeds, while the rice provides shelter, shade and food for the animals. The system produces rice and animal protein without the use of pesticides and herbicides, contributing to healthy food for home consumption and sale. The circular economy of the rice–fish–duck system ensures year-round food and income sources.
Consumers, including any individual who purchases food products or services, can make a change by becoming more mindful of the implications of their behaviours. The growing popularity of food lifestyles and food movements shows that concerns over the sustainability and healthiness of diets influence consumer choices. Various mechanisms can help consumers make better choices. For example, food labelling can increase consumer awareness of the climate impact of their food choices in addition to providing details on packaged foods’ ingredients and nutritional content, guiding choices towards sustainable, ethical and health options. Food-based dietary guidelines like those launched by the Government of Denmark in January 2021 consider both the health and environmental impact of diets as part of the government’s ambition to reduce the climate footprint by 70 percent by 2030. Apps such as Yuka can show consumers the health impact and prices of products with a similar profile, allowing them to choose those with least impact on the environment or that are better for their health.
Food industry actors of the private sector can directly influence the ways in which natural resources and agri-food systems are managed. FAO encourages every food industry – irrespective of size – to align and commit to integrate their production systems with science-based targets, putting humans and planetary health at the foundation. Business models that fuel a homogeneous food landscape dominated by few staple commodities and highly processed foods and drinks should be held accountable for their health and environmental impacts and their socio-economic implications. Apps such as Yuka could add information to increase consumers’ awareness on the actual “costs” of each food item.
Producers, especially smallholder farmers, fishers and pastoralists, should apply agroecological regenerative approaches that promote biodiversity conservation to build sustainable agri-food systems that mitigate climate change and increase access to healthy diets. The promotion of well-adapted animal species, crop varieties (including biofortified crops), landraces, wild and underutilized plant species that are rich in micronutrients, combined with nutrition education, can provide innovative targeted solutions to improve farmers’ livelihoods and dietary quality. However, for this to happen, producers will need the right incentives.
Agribusinesses and retailers play a key role in reducing food loss and waste through adoption of improved food storage, processing, packaging, distribution and transportation. Public–private partnerships, such as those promoted in the FAO-NORAD project on Empowering Women in Small-scale Fisheries for Sustainable Food Systems, for example, can help small-scale producers to reduce food loss and improve the safety of their products while ensuring decent livelihoods. Geographical indications can promote more sustainable value chains by informing consumers where the food is coming from and how it is produced, in particular related with local production factors (e.g. natural resources, traditions, expertise) while facilitating market access for smallholder producers. Slow Food Presidia are another example where small-scale producers are empowered to protect local biodiversity against social, economic and environmental changes, maintaining local food knowledge and cultural practices and connecting producers directly with consumers. Apps such as TooGoodToGo reduce food waste by providing real-time information on unsold perishable foods that consumers can buy from nearby retailers at a reduced price. Since 2016, TooGoodToGo has saved 63.1 million meals from being wasted in 13 European countries and has launched public awareness campaigns at household, business, school and national levels.
Academia should take the lead in developing the tools and methodologies to fill knowledge gaps and to deepen our understanding of the impacts of changes in ecosystems, food production practices and consumption patterns on climate change, biodiversity loss and nutrition.
Academia also has a key role to play in investigating promising emerging areas that can contribute to improving environment–nutrition linkages. Various gaps remain in our understanding of the effects of climate change on the nutrient quality of foods and the effects of various environmental factors in combination (e.g. CO2 and O3 or higher temperature and CO2), as well as the overall effects in different climatic zones and regions. Researchers are encouraged to continue exploring the connection between the soil microbiome and human gut microbiome and its relationship to agrobiodiversity to provide the missing link between diets, agri-food systems and soils.
Development partners including United Nations agencies, international organizations and donors, should promote healthy diets that ensure access to safe and nutritious foods for all. As part of a shift to sustainable and healthy consumption patterns, they should avoid promoting single food items or products whose over-consumption could lead to higher environmental impacts and negative outcomes in human nutrition.
International organizations such as FAO have a vital role to play in raising awareness of the climate change, biodiversity and nutrition nexus. This is essential to ensure a broadened dialogue to help leverage climate finance opportunities to support development of healthy diets and better nutrition from efficient inclusive, resilient, sustainable agri-food systems. International organizations and those that fund them should give more attention to evaluating the impact of programmes in agriculture and agri-food systems to assess the benefits and risks for nutrition and climate change. The 2021-2025 Vision and Strategy for FAO’s Work in Nutrition presents an opportunity to provide stronger guidance on building the climate change, biodiversity and nutrition nexus as part of the effort to mainstream nutrition work.
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The review of assessment tools and methodologies was conducted to find tools that captured the linkages between the three domains of 1) food and nutrition; 2) climate-change mitigation and adaptation; and 3) biodiversity conservation and natural-resource management.
The climate-change mitigation and adaptation domain encompassed tools relating to ecosystems and food supply chains, food environments and consumer behaviour. The biodiversity domain included tools relating mostly to ecosystems and food supply chain. The nutrition domain primarily related to food environments and consumer behaviour (FAO, 2021f).
A “tool” was defined as an instrument that helps to plan and to monitor, providing a methodology that focuses on assessment, planning, monitoring and/or evaluation. Only tools that were created or updated between 2015 and 2020 were considered. The 55 tools from FAO and 16 other partner agencies and non-profits that fitted these criteria were reviewed for their ability to measure the interrelationship between food and nutrition, climate change and biodiversity.
The desk review was limited to examining the tools and their methodologies; it did not examine the application of tools in reports or products to gain a better understanding on how the findings were used to inform recommendations for policymaking and programme design.
Tools were rated based on the following criteria:
Tool rating 5: the tool shows clear links (i.e. positive impacts/potential negative trade-offs) between all three domains (climate change and biodiversity and food and nutrition).
Tool rating 4: the tool shows clear links (i.e. positive impacts/potential negative trade-offs) between at least two of the three domains (climate change, nutrition, biodiversity) but lacks coherence between the domains.
Tool rating 3: the tool mentions all three domains (climate change, nutrition, biodiversity) but lacks an integrated approach involving the intersection of all three.
Tool rating 2: the tool mentions at least two of the three domains (climate change and/or biodiversity and/or food and nutrition) without qualifying the links.
Tool rating 1: the tool mentions at least one of the three domains (climate change or biodiversity or food and nutrition).
Sixty percent of the reviewed tools did not cover all three domains, with the majority covering only one domain of interest (Figure A2.1).
Of the tools reviewed, 47 percent (26) belong to the climate change and adaptation domain, only nine (35 percent) cover all three domains (rating 3 or above) with only three of them showing clear link with biodiversity and/or nutrition (rating 4 and 5). Of the 16 nutrition tools reviewed, only three cover all domains but with just one tool showing clear links with biodiversity. Of the 13 biodiversity tools reviewed, the majority (63 percent) cover all three domains (rating 3 and above), with five of them showing clear links with climate change and/or nutrition (rating 4 and rate 5).
A desk review was conducted of the policies and strategies of FAO’s Member States and Associate Members to provide a comprehensive understanding of the links between nutrition, diets, climate-change adaptation and mitigation and biodiversity reflected in them.
The review had two objectives: 1) to analyze how the national policies, strategies and action plans reviewed are interconnected, coordinated and/or have potential for impacting each other and 2) to identify the strongest examples among the policies reviewed that identify and reinforce positive impacts while also highlighting potential risks and need for trade-offs.
Policies from FAO’s 196 Member States and Associate Members were categorized under three domains: 1) food and nutrition, 2) climate-change mitigation and adaptation, and 3) biodiversity conservation and natural-resource management. Relevant policies considered included national adaptation plans, national climate-change strategies and action plans, national biodiversity strategies and action plans, food-based dietary guidelines and national food and nutrition policies. Only policies dated 2015 onward were considered in the review, to include only the most up-to-date and relevant policy examples. Among the FAO Member Nations, 46 countries had national policies relating to nutrition, climate change and natural-resource management and biodiversity from 2015 to 2020 (FAO, 2021f).
The climate-change mitigation and adaptation domain encompasses policies and programmes relating to ecosystems, agriculture and food supply chains, food environments and consumer behaviour. The biodiversity domain includes natural-resource management, with particular emphasis on the importance of genetic diversity in light of agrobiodiversity’s key role in improving nutrition and climate-change adaptation and mitigation. The biodiversity domain also includes ecosystems and food production with a focus on food supply, although food environments might be included in some instances. The nutrition domain primarily relates to food environments (FAO, 2021f).
A total of 140 policies from 46 countries were reviewed, 52 in the biodiversity domain, 50 in the nutrition domain and 38 in the climate change and adaptation domain.
Policies were rated using the following review rating criteria:
• Policy rating 5: the policy shows clear links (i.e. positive impacts/potential negative trade-offs) between climate change and biodiversity and food and nutrition and coherence among policies.
• Policy rating 4: the policy shows some clear links (i.e. positive impacts/potential negative trade-offs) between climate change and biodiversity and food and nutrition but lacks coherence between policies.
• Policy rating 3: the policy mentions all three elements (climate change, nutrition, biodiversity) but lacks an integrated approach involving the intersection of all three.
• Policy rating 2: the policy mentions climate change and/or biodiversity and/or food and nutrition (without qualifying the links).
• Policy rating 1: the policy mentions only climate change or biodiversity or food and nutrition.
Half of policies reviewed do not cover all three domains, with the highest number covering only two domains (rating 2) (Figure A4.1). While more than half of the biodiversity policies covered all three domains (rating 3 and above), only 27 percent of them received a rating of 4 or above to show integration between nutrition, biodiversity and climate-change considerations. The majority of nutrition policies (76 percent) covered only one or two domains but overall 28 percent of the policies were rated 4 or above. Climate change had the highest percentage (32 percent) of policies rated 4 or above.
1 Policies reviewed under climate change encompass adaptation and mitigation measures within ecosystems, agriculture and agri-food supply chains, food environments and consumer behaviour. Policies reviewed under biodiversity cover genetic diversity, natural-resource management, agro-ecology and food supply, although food environments might be included in some instances. Policies reviewed under nutrition cover diets, consumer behaviour, and food environments and, in some instances, food supply chains.
2 Nutrition security differs from food security in that it “also considers the aspects of adequate caregiving practices, health and hygiene, in addition to dietary adequacy” (FAO et al., 2020a).