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Background
Sustainable Development Goal (SDG) 2– Zero Hunger– 
consists of eight targets aiming to “end hunger, achieve food 
security and improved nutrition and promote sustainable 
agriculture” [1]. The first five targets (2.1–2.5) focus on food 
security, nutrition, and agricultural practices, while the last 
three focus on financial and market aspects to support the 
achievement of those targets (2.A-2.C).

As a result of major global events (e.g., the COVID-19 
outbreak and the Russian-Ukrainian conflict), most of the 
global progress in achieving SDG2 has receded back to lev-
els dating around 2015. Although improvements have been 
made in a few cases, most countries are off-track to meet 
the targets by 2030 [2]. For instance, the global trend in 
the prevalence of undernourishment (target 2.1.1) reverted 
to levels of 2009–2010 during 2020 [3], as a result of the 
various food systems shocks triggered by the COVID-19 
pandemic. The levels of childhood stunting (target 2.2.1) 
stagnated after 2020, interrupting the previous positive 
trend. Similarly, the decreasing trend in wasting prevalence 
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Abstract
Since 2020, the progress towards the achievement of Sustainable Development Goal (SDG) 2– Zero Hunger has faced 
a sudden stall due to an ongoing “polycrisis”. While some countries are on track, a great effort is still globally necessary 
to achieve the SDG2 targets. Here we provide a brief background about SDG2, including its synergies and trade-offs 
with other SDGs. We then identify and discuss the main challenges that the pathway towards zero hunger will have to 
tackle. The lack of a systemic approach, together with the complex, global, and nested dimensions of food systems are 
identified as key elements to be carefully considered when designing sustainability strategies. This means that a variety 
of stakeholders are called to simultaneously and cooperatively act on multiple fronts to ensure a safe, equal, and just 
progress of all countries and populations towards the achievement of SDG2.
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turned into stagnation, and the prevalence in overweight 
even slightly increased (target 2.2.2) [4]. Moreover, despite 
progress in public spending on agriculture, the recent poly-
crisis has resulted in high food and fertilizer prices, limiting 
the expected income gains for populations living off agri-
culture [2]. From a market perspective, substantial progress 
on meeting target 2.B.1, which aims to eradicate agricul-
tural export subsidies, has been achieved [3]. Nevertheless, 
food price anomalies (indicator 2.C.1) are still quite diffused 
across countries.

The 17 SDGs and their relative targets are designed 
to be strongly interconnected which means that there 
may be trade-offs or synergies between them [5, 6]. The 
presence of these interlinkages, together with the global 
dimension of food systems, explains the repercussions 
that global events had, have, and will continue to have on 
the achievement of SDG2 targets. For instance, although 
agricultural activities were exempted from the restric-
tions imposed during the COVID-19 pandemic, dis-
ruptions in the functioning and effectiveness of global 
food supply chains inevitably occurred during those 
years, with consequences on food security and nutri-
tion [7]. The Russian-Ukrainian conflict has exposed the 
sensitivity of global food systems, and food and nutri-
tion security objectives, to geopolitical events, which 
impact countries regardless of their physical proximity 
to them [8]. Finally, climate change is also projected to 
hamper the achievement of SDG2 [9], and might have 
already done so. Some attribute to climate dynamics the 
increase in the percentage of undernourished people 
that occurred (after a period of positive trends between 
2018 and 2019), when the absolute number of under-
nourished people in the world (since 2014) also increased 
[10–12]. Looking ahead, this situation will possibly con-
tinue to worsen, since the three recent drivers of disrup-
tion (major global health threats, geopolitical conflicts, 
and climate-induced environmental degradation) are 
themselves interconnected [13]. The cumulative effects 
of conflict, climate unpredictability and extreme weather 
events, have already produced resource degradation, eco-
nomic hardship, and social and political instability, which 
have in turned exacerbated situations of chronic hunger, 
acute food insecurity, and malnutrition [14].

In sum, the challenges currently faced by the global food 
system are characterized by synergies, trade-offs, and feed-
back mechanisms [15]. Future challenges that will affect the 
achievement of SDG2 in the 7 years left to 2030 are likely to 
be complex. To engage with this complexity, in this debate 
paper we have adopted a systemic lens to the analysis of data 
collected through a review of recent literature and infor-
mal interviews with professionals with diverse food-related 
areas of expertise. Our analysis has identified four main 
challenges that– in our opinion– the pathway towards Zero 
Hunger will have to tackle.

Global causes, effects, and governance
Food systems will be severely affected by the consequences 
of the multiple global environmental impacts they continue 
to produce [16–18]. Climate crisis and shocks, in particu-
lar, will have direct negative consequences on food prices, 
food insecurity, and malnutrition through various direct 
and indirect pathways and feedback mechanisms. Indeed, 
the increasing climate unpredictability is altering planting 
patterns, amplifying the prevalence of pest and disease out-
breaks, exacerbating the pressure on already scarce natu-
ral resources, and fostering local conflicts and migration 
patterns that detrimentally affect food security and nutri-
tion [12]. The existence of Most Affected People and Areas 
(MAPAs) raises the need for a global recognition of the 
underlying past and present responsibilities and for a shared 
and active engagement with the drivers of both current and 
expected negative impacts. A global, target-oriented and 
evidence-based governance framework is urgently needed 
to avoid the persistence and worsening of the environmen-
tal, social, and economic injustice that continue to affect 
food security of populations across the globe [19–21]. In 
this sense, it is remarkable that inter-governmental action is 
lagging behind the sub-national actions undertaken by local 
governments, stressing the unacceptable lack of willingness 
of national bodies to acknowledge the urgency of global 
action [22, 23]. To address this gap, it is vital to reinforce 
the science-policy-society interface, ensuring that policies 
are backed by sustainability assessments that are multidis-
ciplinary (encompassing environmental, social and eco-
nomic domains), comprehensive (covering cradle-to-grave 
systems), integrated (focused on the whole diet instead of 
single foods) and with a special attention for nutritional 
and health aspects [23]. While there is a clear attention for 
the evaluation of policy readiness towards SDG2, existing 
assessments are fragmented across specific areas [24, 25] 
and are oriented towards domestic policies. The lack of a 
global integrated assessment of the policy readiness towards 
SDG2 is a key gap, that will have to be filled out in the next 
few years. The urgency to acknowledge the relevance of 
food systems at the intergovernmental level, and the need to 
elevate its governance at the global scale were clearly stated 
in a letter addressed to the COP 28 (Conference of the Par-
ties) and signed by 80 organizations and individuals1, which 
luckily resulted in the inclusion– for the first-time– of food-
related actions in the final stocktaking decision text2. Only 
by thoroughly engaging with the global dimension of food 
systems it will be possible to design effective policies to sus-
tainably accelerate the progress towards the achievement of 
SDG2.

1 https://docs.google.com/document/d/1YQdbg4FSUYJUQC7HZxOpAht5
gE4uqTOlYxiIlml0Eo0/edit.
2 https://unfccc.int/sites/default/files/resource/cma2023_L17_adv.pdf.

https://docs.google.com/document/d/1YQdbg4FSUYJUQC7HZxOpAht5gE4uqTOlYxiIlml0Eo0/edit
https://docs.google.com/document/d/1YQdbg4FSUYJUQC7HZxOpAht5gE4uqTOlYxiIlml0Eo0/edit
https://unfccc.int/sites/default/files/resource/cma2023_L17_adv.pdf
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Supply chains: inequality, power imbalances, and conflict
The global dimensions of food systems’ challenges raises 
the need for the adoption of a broad systemic approach 
that accounts for all components that connect food pro-
duction with food security, nutrition, and human health. 
Developing frameworks that can reliably model and pre-
dict the place-based connections between food production 
and nutrition– and that account for such deep diversity and 
complexity– can be a monumental step towards achieving 
SDG2 [17].

Food consumption is generally linked to food produc-
tion via supply chains, which can be short (e.g., subsistence-
oriented), or, more often, long (e.g., global food trade) [26]. 
This imposes the urgent need to consider the whole supply 
chain when evaluating the sustainability of food systems 
[27], which should be transparent and explicitly highlight 
the role of international trade as a driver of negative envi-
ronmental, social, or economic impact [28]. Through inter-
national trade, globalization ensures the availability of food 
items that would otherwise be only seasonally available. 
While this might meet consumer desires, the supply of off-
season foods often comes with higher environmental and 
economic costs, which are mostly beared on regions that 
produce food for export [29]. The bridge between produc-
tion and consumption (the missing middle) has already 
been identified as a critical entry point for policies oriented 
towards SDG2 [30].

However, the structure of global supply chains is often 
shaped by large (multinational) companies, which impose 
a monopoly dictated by the objective of maximizing their 
profit by taking advantage of the critical socio-economic 
situation of countries that have availability of natural 
resources, cheap labor, and relaxed regulation. This power 
imbalance, fueled by capitalism and globalization, risks to 
perpetuate existing inequalities, especially within supply 
chains of cash crops extensively demanded (though not 
supplied) by the Global North [29]. Pursuing profit means 
pursuing cheap primary inputs, such as labor and natural 
resources, which are often in the hands of a few powerful 
food system actors. The concentration of resources across 
the globe is often the cause of conflicts, which disrupt the 
environmental and socio-economic context of the regions 
involved, displacing small-scale family farms that, in many 
areas of the world, play a key role in terms of food security 
[31, 32]. A key feature of the global capitalist food economy 
is the widespread tendency to disregard the real costs of 
food (i.e., the negative externalities associated with its pro-
duction) in the market price. Such tendency has supported 
the diffusion of cheap, unhealthy, and ultra-processed 
foods, with negative socio-economic consequences even in 
wealthy countries [33]. Climatic and environmental policies 
are striving to incentivize the production of nutrient-dense 
crops that support a healthy diet. However, trade-offs are 
common and have the potential to seriously undermine the 

cost of healthy eating. The relative costs of nutrient-dense 
foods and foods with high energy density and low nutri-
tional value could be significantly changed by internalizing 
those costs through pricing (such as carbon taxes or cap and 
trade systems); practically, however, financial measures are 
difficult to implement and may require global agreements 
[34].

Food production: farming practices, assessment methods, 
and data
Current farming practices and orientation are not sustain-
able. The use of more sustainable practices (such as organic 
farming) should be prioritized, and intensive farming (along 
with feed-food competition) should be restricted [35]. In 
terms of scope, SDG2 is mostly focused on cultivation, while 
livestock farming, pastoralism, fisheries and aquaculture are 
given marginal attention– also by other SDGs [36]. These 
food production activities urgently need attention given 
their multi-dimensional role as generators of resources (e.g., 
feed-food competition) but also as sources of income and 
nutrition (i.e., of food security). This implies, amongst other 
things, the implementation of a much larger effort in terms 
of data collection as well as the use of more robust method-
ologies. The latter should adopt a multi-scalar approach to 
complement on field-level surveys (the most common prac-
tice) with higher-level assessments that move beyond the 
mere consideration of the environmental burden [37, 38].

Farming (including fishing and aquaculture) is the 
first step in the food supply chain. It is the activity most 
exposed to environmental disruptions, and the one that 
generates the greatest environmental impact– especially 
on climate dynamics. Farming practices matter not just 
in terms of how crops and livestock are produced and 
where. Detailed, item-specific and spatially disaggregated 
data on food production are often insufficient, outdated, 
and fragmented [39]. This severely constrains the ability 
of countries to quantify the current state of food pro-
duction and prevents the implementation of evidence-
based and targeted agricultural interventions that could 
improve food systems sustainability across multiple 
dimensions [40, 41].

Place-based datasets would be a much-needed comple-
ment for the large variety of data collected on global food 
systems; their integration would indeed support the pri-
oritization of actions on impactful leverage points associ-
ated with the use of agricultural inputs (e.g., nitrogen and 
phosphorous), as well as outputs (e.g., pollutant emissions). 
Finally, actions to measure, monitor and prevent food loss 
and waste are extremely valuable and need to deal with each 
stage of the supply chain: from product design (e.g., size and 
shelf life), processing (e.g., favoring less processed foods), 
and packaging (e.g., preferring materials that are easily up-
cyclable), up to the provision to consumers of crystal clear 
instructions on the best food preservation practices.
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Consumption: dietary patterns, shifts, and novel food
As the global population continues to increase, the need for 
sustainable production practices will become even more 
imperative. In quantitative terms, population growth trans-
lates into increased demand, which will not be met without 
changes in lifestyles and related dietary habits. These two 
key drivers are bound to clash with the shrinking resources 
of an overexploited, warming planet, where land and water 
availability continue to shrink– primarily due to unsus-
tainable farming practices and climate change– and where 
rural out-migration is drastically decreasing the labor-force 
available in the fields [42]. A systemic approach to sustain-
able food systems must encompass strategies that address 
both demographic shifts and the multiple challenges posed 
by a changing climate and embracing the interconnected 
nature of the two phenomena. Dietary patterns are placing 
a substantial strain on natural resources and causing envi-
ronmental burden that goes beyond the local boundaries 
[26]. More sustainable (and widely available) food alterna-
tives (e.g., novel food such as edible insects, cultured meat, 
and algae, which have not yet been subjected to an adequate 
number of sustainability assessments) [43, 44] are under-uti-
lised, given the widespread tendency in the Global North to 
refrain from designing consumption-side solutions in favor 
of actions that rarely go beyond simple guidelines or recom-
mendations. An interesting exemplary exception is the case 
of Denmark, which introduced the shift to a plant-based 
diet as an action not only to achieve climate goals, but also 
to generate socio-economic benefits [45]. This kind of effort 
confirms Kearney [46]’s hypothesis that in high-income 
countries– which have in the past transitioned towards 
heavy meat consumption– wealthier and highly educated 
residents (primarily located in urban areas) are shifting to 
diets reduced in fat and rich in fruits and vegetables. Con-
versely, low- and middle-income countries are abandoning 
a starchy low-fat diet with limited variety moving towards 
energy dense diets that are rich in sugar and fat and are 
based on the consumption of a higher variety of food items 
[46, 47]– including animal-based (e.g., meat, fish and sea-
food) and sugar-rich products which place additional strain 
on land and water use and cause increased GHG emissions 
[46–48]. Policy makers should begin to engage with current 
food consumption issues, for instance by pushing towards 
the adoption of dietary patterns proven to be more sus-
tainable, as proposed by the One Health approach [49]. At 
a bare minimum, action in this sense should be directed 
towards the promotion of local, seasonal, and more nutri-
ent-rich foods (quality vs. quantity). This kind of actions are 
unlikely to have long-term effects unless they are coupled 
with a radical reform of the amount and quality of infor-
mation provided to consumers (e.g., food marketing). A re-
orientation of consumption patterns towards sustainability 
entails the designing of a standardized and comprehensive 
labeling system, providing nutritional information (i.e., 

about the quality of nutrients) alongside information on the 
environmental [50] and socio-economic costs of the whole 
supply chain. School meals could play a vital role in the dis-
semination of information about sustainable diets to young 
generations, while at the same time representing an impor-
tant market for more sustainable food products (e.g., plant-
based options).

Conclusions
Returning to the challenges identified above, we draw 
the following recommendations for the achievement of 
SDG2:

Global causes, effects and governance
Drawing on the conclusions reached at COP28, creating a 
global multi-scale governance framework is required to 
ensure collective surveillance, coordination and coopera-
tion, with particular attention for the actors and areas that 
are, and will be, most vulnerable to climate shocks and 
related price shocks. This could be achieved– for instance– 
by strengthening the resources and scaling-up the remit and 
ambitions of the Committee on World Food Security (CFS).

Supply chains: inequality, power imbalances, and conflict
Confining of strategic intervention at either the supply or 
the demand side of food chains is clearly not working. A 
comprehensive mapping of food supply chains is necessary 
and can be achieved through multidimensional life-cycle 
sustainability evaluations covering all dimensions of the 
food system, from production to consumption. The stan-
dardized mapping of environmental, social, and economic 
information, especially with regard to international supply 
chains, is also necessary to progress towards a more sys-
temic approach to food issues.

Food production: farming practices, assessment methods, 
and data
National governments should push towards more sustain-
able farming practices (such as organic farming) while 
strengthening assessment and data collection methods that 
would support place-based interventions. This can prevent 
the proliferation of profit-driven (especially when export-
oriented) practices that disregard food security and the con-
servation of natural resources in local communities. Waste 
and loss prevention should be prioritized, especially for long 
supply chains and packaged foods.

Consumption: dietary patterns, shifts, and novel food
National governments must intervene on food consumption 
and move beyond the sole (ineffective) redaction of guide-
lines. An immediate strategy to contribute to shaping new 
and healthier dietary patterns could involve public procure-
ment (e.g., targeted intervention on school meals). Even 
though it is difficult to set limits on the consumption of 
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high impact (social and environmental) food items, a stan-
dardized, clear, and transparent labeling scheme should be 
implemented to stimulate more sustainable consumption 
patterns.

Overall, transversal remarks
The imposition of radical changes within food systems must 
ensure that the effort and consequent burdening is fairly 
shared among all actors involved. The required measures 
must be implemented gradually and all stakeholders within 
the most affected sectors (e.g., farmers, and especially live-
stock farmers) must be safeguarded by targeted social safety 
nets, such as temporary subsidies, while ensuring (or main-
taining) fair wages and decent working conditions3. These 
important but still neglected issues should be placed on the 
agenda of global processes and organizations such as the 
CFS as well as incorporated in national roundtable discus-
sions. More generally, it is time to turn emerging systemic 
initiatives, visions, and strategies into concrete and tangible 
policies. For instance, this is the case for the EU Farm-To-
Fork Strategy4 which still lacks a legislative framework (orig-
inally due by 2023). Similarly, there is an urgent need to put 
into practice the EU Biodiversity Strategy for 20305 through 
the designing of dedicated policies, which should be sup-
ported by an enabling legislative context– e.g., the not yet 
approved Nature Restoration Law6.

Effectively implementing the Zero Hunger ambition of 
SDG2 by 2030 urgently requires a combination of long-
term, concerted efforts by multiple actors (e.g., producers, 
consumers and policy makers), which can trigger systemic 
behavioral changes at both individual and societal, collec-
tive level. The 2030 time horizon is not just a politically set 
deadline, but also the time-frame beyond which the destabi-
lization of multiple Earth System processes might become 
irreversible [51].

Abbreviations
SDG  Sustainable Development Goal
MAPAs  Most Affected People and Areas
COP  Conference of the Parties
CFS  Committee on World Food Security

Acknowledgements
The authors are very grateful to Adrian Mueller (Research Institute of Organic 
Agriculture FiBL), Sara Moreno Pires (University of Aveiro), and Shauna Downs 
(The State University of New Jersey) for their remarkable suggestions that greatly 
improved the quality of this work. This paper and related research have been 
conducted during and with the support of the Italian national inter-university PhD 
course in Sustainable Development and Climate change.

3  See for instance the European Globalisation Adjustment 
Fund for Displaced Workers (https://ec.europa.eu/social/main.
jsp?catId=326&langId=en).
4 https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en.
5 https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en.
6 https://environment.ec.europa.eu/topics/nature-and-biodiversity/nature-
restoration-law_en.

Author contributions
F.S., A.G., and M.A. contributed to the design of the work, F.S., A.G., M.A., K.D., A.B.F., 
A.A.M., and D.C., prepared the original draft, F.S., A.G., M.A., R.S., A.B.F., A.A.M., and 
D.C. revised and edited the manuscript.

Funding
Not applicable.

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 15 December 2023 / Accepted: 5 February 2024

References
1. United Nations. Goal 2: Zero Hunger. United Nations Sustainable Develop-

ment 2023. https://www.un.org/sustainabledevelopment/hunger/ (accessed 
November 3, 2023).

2. United Nations. The Sustainable Development Goals Report 2023: special edi-
tion. S.l.: United Nations; 2023. https://unstats.un.org/sdgs/report/2023/

3. Our World in Data. End hunger, achieve food security and improved nutrition 
and promote sustainable agriculture. Our World in Data; 2023. https://our-
worldindata.org/sdgs/zero-hunger

4. UNICEF, WHO, World Bank. Joint child malnutrition estimates (JME) (UNICEF-
WHO-WB). 2023. https://www.who.int/data/gho/data/themes/topics/joint-
child-malnutrition-estimates-unicef-who-wb?id=402 (accessed November 3, 
2023).

5. Bennich T, Persson Å, Beaussart R, Allen C, Malekpour S. Recurring patterns of 
SDG interlinkages and how they can advance the 2030 Agenda. One Earth. 
2023;S259033222300458X. https://doi.org/10.1016/j.oneear.2023.10.008.

6. International Council for Science (ICSU). A guide to SDG interactions: 
from science to implementation. Int Council Sci (ICSU). 2017. https://doi.
org/10.24948/2017.01.

7. High Level Panel of Experts (HLPE). Impacts of COVID-19 on food security and 
nutrition: developing effective policy responses to address the hunger and 
malnutrition pandemic. Rome, Italy: 2020. http://www.fao.org/3/cb1000en/
cb1000en.pdf

8. Mhlanga D, Ndhlovu E. The implications of the Russia–Ukraine War on Sus-
tainable Development Goals in Africa. Fudan J Hum Soc Sci. 2023;16:435–54. 
https://doi.org/10.1007/s40647-023-00383-z.

9. IPCC. Climate Change and Land: IPCC Special Report on Climate Change, 
Desertification, Land Degradation, Sustainable Land Management, Food 
Security, and Greenhouse Gas fluxes in Terrestrial ecosystems. 1st ed. Cam-
bridge University Press; 2022. https://doi.org/10.1017/9781009157988.

10. FAO, IFAD, UNICEF, WFP, WHO. The state of food security and nutrition in 
the world 2018. Rome: FAO; 2018. https://www.fao.org/documents/card/
en?details=I9553EN

11. FAO. FAO’s Work on Climate Change. United Nations Climate Change Confer-
ence 2018. Rome, Italy: FAO; 2018.

12. FSIN, Global Network Against Food Crises. 2022 Global Report on Food 
Crises. Rome, Italy: FAO, IFPRI, WFP; 2022. https://www.wfp.org/publications/
global-report-food-crises-2022

13. Hendriks SL, Montgomery H, Benton T, Badiane O, De La Castro G, Fanzo J, 
et al. Global environmental climate change, covid-19, and conflict threaten 
food security and nutrition. BMJ. 2022;e071534. https://doi.org/10.1136/
bmj-2022-071534.

https://ec.europa.eu/social/main.jsp?catId=326&langId=en
https://ec.europa.eu/social/main.jsp?catId=326&langId=en
https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en
https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en
https://environment.ec.europa.eu/topics/nature-and-biodiversity/nature-restoration-law_en
https://environment.ec.europa.eu/topics/nature-and-biodiversity/nature-restoration-law_en
https://www.un.org/sustainabledevelopment/hunger/
https://unstats.un.org/sdgs/report/2023/
https://ourworldindata.org/sdgs/zero-hunger
https://ourworldindata.org/sdgs/zero-hunger
https://www.who.int/data/gho/data/themes/topics/joint-child-malnutrition-estimates-unicef-who-wb?id=402
https://www.who.int/data/gho/data/themes/topics/joint-child-malnutrition-estimates-unicef-who-wb?id=402
https://doi.org/10.1016/j.oneear.2023.10.008
https://doi.org/10.24948/2017.01
https://doi.org/10.24948/2017.01
http://www.fao.org/3/cb1000en/cb1000en.pdf
http://www.fao.org/3/cb1000en/cb1000en.pdf
https://doi.org/10.1007/s40647-023-00383-z
https://doi.org/10.1017/9781009157988
https://www.fao.org/documents/card/en?details=I9553EN
https://www.fao.org/documents/card/en?details=I9553EN
https://www.wfp.org/publications/global-report-food-crises-2022
https://www.wfp.org/publications/global-report-food-crises-2022
https://doi.org/10.1136/bmj-2022-071534
https://doi.org/10.1136/bmj-2022-071534


Page 6 of 6Sporchia et al. Sustainable Earth Reviews            (2024) 7:10 

14. FAO. 172nd FAO Council Session -. Global food security challenges and its 
drivers: conflicts and wars in Ukraine and other countries, slowdowns and 
downturns, and climate change. Rome, Italy: FAO; 2023.

15. Campi M, Dueñas M, Fagiolo G. Specialization in food production 
affects global food security and food systems sustainability. World Dev. 
2021;141:105411. https://doi.org/10.1016/j.worlddev.2021.105411.

16. Fanzo J, Davis C, McLaren R, Choufani J. The effect of climate change across 
food systems: implications for nutrition outcomes. Global Food Secur. 
2018;18:12–9. https://doi.org/10.1016/j.gfs.2018.06.001.

17. Davis KF, Downs S, Gephart JA. Towards food supply chain resilience to 
environmental shocks. Nat Food. 2020;2:54–65. https://doi.org/10.1038/
s43016-020-00196-3.

18. Crippa M, Solazzo E, Guizzardi D, Monforti-Ferrario F, Tubiello FN, Leip A. Food 
systems are responsible for a third of global anthropogenic GHG emissions. 
Nat Food. 2021;2:198–209. https://doi.org/10.1038/s43016-021-00225-9.

19. Singh BK, Arnold T, Biermayr-Jenzano P, Broerse J, Brunori G, Caron P, et al. 
Enhancing science–policy interfaces for food systems transformation. Nat 
Food. 2021;2:838–42. https://doi.org/10.1038/s43016-021-00406-6.

20. De Schutter O, Jacobs N, Clément C. A ‘Common food policy’ for Europe: 
how governance reforms can spark a shift to healthy diets and sustain-
able food systems. Food Policy. 2020;96:101849. https://doi.org/10.1016/j.
foodpol.2020.101849.

21. Medina Hidalgo D, Nunn PD, Beazley H. Challenges and opportunities for 
food systems in a changing climate: a systematic review of climate policy 
integration. Environ Sci Policy. 2021;124:485–95. https://doi.org/10.1016/j.
envsci.2021.07.017.

22. IPES-Foo. From plate to planet: How local governments are driving action 
on climate change through food. 2023. https://www.ipes-food.org/pages/
platetoplanet

23. Caro D, Sporchia F, Antonelli M, Galli A. Beyond the IPCC for Food: an over-
arching Framework for Food systems Sustainability Assessment. Sustainabil-
ity. 2023;15:14107. https://doi.org/10.3390/su151914107.

24. Otekunrin OA, Otekunrin OA, Fasina FO, Omotayo AO, Akram M. Assess-
ing the Zero Hunger Target Readiness in Africa in the Face of COVID-19 
pandemic. Caraka Tani J Sustain Agric. 2020;35:213. https://doi.org/10.20961/
carakatani.v35i2.41503.

25. Massa I. Food security challenges and vulnerability in Small Island Develop-
ing States. Sustainable Development Solutions Network; 2021. https://unsdg.
un.org/resources/policy-brief-food-security-challenges-and-vulnerability-
small-island-developing-states

26. Galli A, Antonelli M, Wambersie L, Bach-Faig A, Bartolini F, Caro D, et al. 
EU-27 ecological footprint was primarily driven by food consumption and 
exceeded regional biocapacity from 2004 to 2014. Nat Food. 2023. https://
doi.org/10.1038/s43016-023-00843-5.

27. Schneider KR, Fanzo J, Haddad L, Herrero M, Moncayo JR, Herforth A, et al. 
The state of food systems worldwide in the countdown to 2030. Nat Food. 
2023;4:1090–110. https://doi.org/10.1038/s43016-023-00885-9.

28. Willett W, Rockström J, Loken B, Springmann M, Lang T, Vermeulen S, et 
al. Food in the Anthropocene: the EAT–Lancet Commission on healthy 
diets from sustainable food systems. Lancet. 2019;393:447–92. https://doi.
org/10.1016/S0140-6736(18)31788-4.

29. Sporchia F, Taherzadeh O, Caro D. Stimulating environmental degradation: 
a global study of resource use in cocoa, coffee, tea and tobacco supply 
chains. Curr Res Environ Sustain. 2021;3:100029. https://doi.org/10.1016/j.
crsust.2021.100029.

30. Veldhuizen LJl, Giller KE, Oosterveer P, Brouwer ID, Janssen S, Van Zanten, 
HHe, et al. The Missing Middle: connected action on agriculture and nutrition 
across global, national and local levels to achieve sustainable develop-
ment goal 2. Global Food Secur. 2020;24:100336. https://doi.org/10.1016/j.
gfs.2019.100336.

31. FAO, IFAD, UNICEF, WFP, WHO, UNICEF; WFP; WHO., The State of Food Security 
and Nutrition in the World 2023. FAO; IFAD;; 2023. https://doi.org/10.4060/
cc3017en.

32. Shemyakina O, War. Conflict, and Food Insecurity. Annu Rev Resour Econ. 
2022;14:313–32. https://doi.org/10.1146/annurev-resource-111920-021918.

33. Hendriks S, De Groot Ruiz A, Acosta MH, Baumers H, Galgani P, Mason-D’Croz 
D, et al. The true cost of food: a preliminary Assessment. In: Von Braun J, 

Afsana K, Fresco LO, Hassan MHA, editors. Science and innovations for Food 
systems Transformation. Cham: Springer International Publishing; 2023. pp. 
581–601. https://doi.org/10.1007/978-3-031-15703-5_32.

34. UNICEF, WFP, WHO. The State of Food Security and Nutrition in the World 
2022. FAO; 2022. https://doi.org/10.4060/cc0639en.

35. Muller A, Schader C, El-Hage Scialabba N, Brüggemann J, Isensee A, 
Erb K-H, et al. Strategies for feeding the world more sustainably with 
organic agriculture. Nat Commun. 2017;8:1290. https://doi.org/10.1038/
s41467-017-01410-w.

36. Troell M, Costa-Pierce B, Stead S, Cottrell RS, Brugere C, Farmery AK, et al. 
Perspectives on aquaculture’s contribution to the Sustainable Development 
Goals for improved human and planetary health. J World Aquaculture Soc. 
2023;54:251–342. https://doi.org/10.1111/jwas.12946.

37. Zhang X, Yao G, Vishwakarma S, Dalin C, Komarek AM, Kanter DR, et al. 
Quantitative assessment of agricultural sustainability reveals divergent priori-
ties among nations. One Earth. 2021;4:1262–77. https://doi.org/10.1016/j.
oneear.2021.08.015.

38. Davis KF, Dalin C, Kummu M, Marston L, Pingali P, Tuninetti M. Beyond the 
Green Revolution: a roadmap for sustainable food systems research and 
action. Environ Res Lett. 2022;17:100401. https://doi.org/10.1088/1748-9326/
ac9425.

39. Sonnino R, Coulson H. Unpacking the new urban food agenda: the changing 
dynamics of global governance in the urban age. Urban Stud. 2021;58:1032–
49. https://doi.org/10.1177/0042098020942036.

40. FAO. Global review of agricultural census methodologies and results 
(2006–2015). Rome, Italy: FAO; 2021. https://doi.org/10.4060/cb2650en.

41. FAO. World programme for the census of agriculture 2020. Rome: Food and 
Agriculture Organization of the United Nations; 2015. https://www.fao.org/
documents/card/en?details=CA1963EN

42. Hoffmann R. Contextualizing Climate Change impacts on Human mobility in 
African drylands. Earth’s Future. 2022. https://doi.org/10.1029/2021EF002591. 
10:e2021EF002591.

43. Onwezen MC, Bouwman EP, Reinders MJ, Dagevos H. A systematic review 
on consumer acceptance of alternative proteins: pulses, algae, insects, 
plant-based meat alternatives, and cultured meat. Appetite. 2021;159:105058. 
https://doi.org/10.1016/j.appet.2020.105058.

44. Mazac R, Meinilä J, Korkalo L, Järviö N, Jalava M, Tuomisto HL. Incorpora-
tion of novel foods in European diets can reduce global warming potential, 
water use and land use by over 80%. Nat Food. 2022;3:286–93. https://doi.
org/10.1038/s43016-022-00489-9.

45. Danish Ministry of Agriculture., Food and Fisheries. Action plan for plant-
based foods. 2023.

46. Kearney M. J. Changing Food Consumption Patterns and Their Drivers. Ency-
clopedia of Food Security and Sustainability, Elsevier; 2019, p. 16–24. https://
doi.org/10.1016/B978-0-08-100596-5.21988-4.

47. Komarek AM, Dunston S, Enahoro D, Godfray HCJ, Herrero M, Mason-
D’Croz D, et al. Income, consumer preferences, and the future of livestock-
derived food demand. Glob Environ Change. 2021;70:102343. https://doi.
org/10.1016/j.gloenvcha.2021.102343.

48. Poore J, Nemecek T. Reducing food’s environmental impacts through produc-
ers and consumers. Science. 2018;360.:987 LP– 992. https://doi.org/10.1126/
science.aaq0216

49. One Health High. -Level Expert Panel (OHHLEP). One Health theory of change 
2022.

50. Leach AM, Emery KA, Gephart J, Davis KF, Erisman JW, Leip A, et al. Environ-
mental impact food labels combining carbon, nitrogen, and water footprints. 
Food Policy. 2016;61:213–23. https://doi.org/10.1016/j.foodpol.2016.03.006.

51. Steffen W, Rockström J, Richardson K, Lenton TM, Folke C, Liverman D, et al. 
Trajectories of the Earth System in the Anthropocene. Proc Natl Acad Sci USA. 
2018;115:8252–9. https://doi.org/10.1073/pnas.1810141115.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.worlddev.2021.105411
https://doi.org/10.1016/j.gfs.2018.06.001
https://doi.org/10.1038/s43016-020-00196-3
https://doi.org/10.1038/s43016-020-00196-3
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00406-6
https://doi.org/10.1016/j.foodpol.2020.101849
https://doi.org/10.1016/j.foodpol.2020.101849
https://doi.org/10.1016/j.envsci.2021.07.017
https://doi.org/10.1016/j.envsci.2021.07.017
https://www.ipes-food.org/pages/platetoplanet
https://www.ipes-food.org/pages/platetoplanet
https://doi.org/10.3390/su151914107
https://doi.org/10.20961/carakatani.v35i2.41503
https://doi.org/10.20961/carakatani.v35i2.41503
https://unsdg.un.org/resources/policy-brief-food-security-challenges-and-vulnerability-small-island-developing-states
https://unsdg.un.org/resources/policy-brief-food-security-challenges-and-vulnerability-small-island-developing-states
https://unsdg.un.org/resources/policy-brief-food-security-challenges-and-vulnerability-small-island-developing-states
https://doi.org/10.1038/s43016-023-00843-5
https://doi.org/10.1038/s43016-023-00843-5
https://doi.org/10.1038/s43016-023-00885-9
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/j.crsust.2021.100029
https://doi.org/10.1016/j.crsust.2021.100029
https://doi.org/10.1016/j.gfs.2019.100336
https://doi.org/10.1016/j.gfs.2019.100336
https://doi.org/10.4060/cc3017en
https://doi.org/10.4060/cc3017en
https://doi.org/10.1146/annurev-resource-111920-021918
https://doi.org/10.1007/978-3-031-15703-5_32
https://doi.org/10.4060/cc0639en
https://doi.org/10.1038/s41467-017-01410-w
https://doi.org/10.1038/s41467-017-01410-w
https://doi.org/10.1111/jwas.12946
https://doi.org/10.1016/j.oneear.2021.08.015
https://doi.org/10.1016/j.oneear.2021.08.015
https://doi.org/10.1088/1748-9326/ac9425
https://doi.org/10.1088/1748-9326/ac9425
https://doi.org/10.1177/0042098020942036
https://doi.org/10.4060/cb2650en
https://www.fao.org/documents/card/en?details=CA1963EN
https://www.fao.org/documents/card/en?details=CA1963EN
https://doi.org/10.1029/2021EF002591
https://doi.org/10.1016/j.appet.2020.105058
https://doi.org/10.1038/s43016-022-00489-9
https://doi.org/10.1038/s43016-022-00489-9
https://doi.org/10.1016/B978-0-08-100596-5.21988-4
https://doi.org/10.1016/B978-0-08-100596-5.21988-4
https://doi.org/10.1016/j.gloenvcha.2021.102343
https://doi.org/10.1016/j.gloenvcha.2021.102343
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1016/j.foodpol.2016.03.006
https://doi.org/10.1073/pnas.1810141115

	Zero hunger: future challenges and the way forward towards the achievement of sustainable development goal 2
	Abstract
	Background
	Global causes, effects, and governance
	Supply chains: inequality, power imbalances, and conflict
	Food production: farming practices, assessment methods, and data
	Consumption: dietary patterns, shifts, and novel food

	Conclusions
	Global causes, effects and governance
	Overall, transversal remarks

	References


