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Abstract 

France’s advanced agricultural systems support high food producƟon, yet the resilience of its 

nutrient supply under growing climaƟc and market pressures remains uncertain. This study 

assesses naƟonal and regional food and nutrient self-suĸciency, examining how producƟon 

structures align with dietary needs. Using agricultural producƟon and dietary datasets, we 

evaluate self-suĸciency across energy, macronutrients, and key micronutrients, and compare 

supply paƩerns with dietary reference values and EAT-Lancet targets. France is broadly self-

suĸcient in calories and macronutrients, supported by diverse plant and animal sources. 

However, adequacy for several micronutrients and unsaturated fats depends on a limited set 

of foods, such as fruits, vegetables, legumes, nuts, and seafood, oŌen spaƟally concentrated 

and partly import-dependent. While consumpƟon paƩerns are relaƟvely uniform across 

regions, producƟon is highly heterogeneous, creaƟng regional dispariƟes and localized 

dependencies. These Įndings reveal that apparent naƟonal nutriƟonal suĸciency masks 

structural vulnerabiliƟes and limits the transiƟon toward healthier, plant-rich diets. 

Strengthening resilience will require coordinated shiŌs in both dietary demand and 

agricultural producƟon to enhance the availability and regional balance of nutrient-dense 

foods. 

Keywords : Food security, NutriƟonal adequacy, Dietary sustainability, Agricultural 

producƟon, EAT–Lancet diet 

 



IntroducƟon  

France beneĮts from abundant water and cropland resources together with favorable 

climaƟc condiƟons. These factors, combined with advanced technological capaciƟes, 

precision agriculture, eĸcient resource management, and the relaƟvely stable and 

comparaƟvely high incomes of the farming populaƟon, have contributed to sustaining one of 

the most producƟve and adaptable agricultural sectors in Europe (BaƟni, 2019). However, as 

the second most populous country in the European Union, with more than 68 million 

inhabitants and the highest ferƟlity, France faces substanƟal and growing domesƟc food 

demand (Solaz et al., 2024). At the same Ɵme, French agricultural producƟon is increasingly 

exposed to climate-related risks, as warming trends and recurrent drought events threaten 

crop stability and reduce yields (Tramblay et al., 2020). These pressures are compounded by 

broader global vulnerabiliƟes, including market volaƟlity, trade disrupƟons and geopoliƟcal 

tensions, that can aīect access to foods and imported agricultural inputs (Mamassi et al., 

2026). 

Food and nutrient self-suĸciency refer to the ability of a territory (i.e., country, region or 

conƟnent) to meet the dietary and nutriƟonal needs of its populaƟon through local 

producƟon. Assessing self-suĸciency at the local scale is increasingly important to 

strengthen food system resilience under climate, economic, demographic and geopoliƟcal 

pressures. France represents a relevant case study due to the mulƟple documented threats 

to agricultural systems and local dispariƟes between food producƟon and demand. 

Moreover, in high-income countries such as France, achieving food and nutrient self-

suĸciency is closely linked to the availability of a diverse range of food groups and macro- 

and micronutrient sources that can adequately saƟsfy the populaƟon’s dietary and 

nutriƟonal requirements (i.e., food and nutrient-rich diets) (Gazan et al., 2016; Bolo et al., 

2026; Miller et al., 2022). In this context, assessing France’s food and nutrient self-suĸciency 

requires evaluaƟng both food groups and macro- and micronutrient self-suĸciency balances, 

as well as examining how diīerent food groups contribute to each nutrient self-suĸciency 

metric under current populaƟon dietary paƩerns. Consequently, this provides a more 

comprehensive understanding of the naƟonal food system: its vulnerabiliƟes (i.e., the 

naƟonal system’s imbalances in ensuring adequate and stable supplies for speciĮc food 



groups and nutrients) and its resilience (i.e., the naƟonal system’s capacity to maintain 

adequate provision for speciĮc food groups and nutrients in the face disturbances). 

Although a naƟonal food systems with high producƟon potenƟal can generate substanƟal 

nutriƟonal surpluses (Berners-Lee et al., 2018), the eīecƟve availability of food and nutrients 

at the regional level depends on the interplay between the local producƟon capaciƟes. This 

includes elements such as natural resource endowments, region-speciĮc dietary paƩerns, 

interregional trade and distribuƟon networks, and broader administraƟve, social and 

economic structures that shape resource allocaƟon, purchasing power and market access 

(Mamassi et al., 2026; Müller, 2026). The role of subnaƟonal assessments of food and 

nutrient self-suĸciency in strengthening food-system resilience remains less clearly deĮned. 

In France, several strategic and scienƟĮc arguments support evaluaƟng self-suĸciency at 

regional administraƟve scales. First, enhancing food and nutrient self-suĸciency locally can 

increase resilience to systemic shocks, as illustrated by the COVID-19 pandemic, which 

exposed the vulnerability of highly centralized and globally interconnected food systems 

through lockdowns, regional isolaƟon, supply-chain disrupƟons and trade restricƟons (Li et 

al., 2021). Second, reliance on long-distance domesƟc transportaƟon increases the risk of 

both quanƟtaƟve and qualitaƟve food losses (Erb et al., 2016; ParĮƩ et al., 2010); because of 

inadequate preservaƟon, logisƟcal ineĸciencies, transport disrupƟons and infrastructure 

failures, while also contribuƟng to environmental impacts such as energy demand and 

greenhouse gas emissions (Kesse-Guyot et al., 2022; Pradhan et al., 2014). Third, France’s 

marked regional specializaƟon; shaped by climate (Lungarska and Chakir, 2018), landscapes 

(Donfouet et al., 2017), and long-standing farming tradiƟons (Billen et al., 2018; Le Noë et al., 

2018), has produced disƟnct regional producƟon systems resulƟng in unique food supply 

tendency and the potenƟal for tailored nutrient-speciĮc self-suĸciency proĮles. Likewise, 

climate change might unevenly impact speciĮc regions, altering rainfall, intensifying heat 

stress, and increasing extreme weather, parƟcularly for staple and populaƟon signiĮcant 

foods (Le Roux et al., 2024). Finally, in recent years there has been a resurgence of interest 

and a host of iniƟaƟves in local food development plans, which help to bring producƟon and 

consumpƟon closer together, delivering local social beneĮts and fostering greater food 

democracy (IPES-FOOD, 2024). Together this regional heterogeneity underscores the need 

for localized food and nutrient self-suĸciency assessments and targeted adaptaƟon 



strategies (Mamassi et al., 2026; Pradhan et al., 2014). Overall, mapping regional producƟon 

and nutrient balances can reveal paƩerns of surpluses and deĮcits, thereby informing 

strategies to opƟmize interregional food Ňows, manage logisƟcal dependence and guide 

targeted policies that direct resources, investments and innovaƟon towards sectors and 

regions with the greatest potenƟal to strengthen nutrient self-suĸciency and environmental 

sustainability. 

In this study, we present a comprehensive assessment of France’s food and nutrient self-

suĸciency, evaluated both at the naƟonal scale and across its twelve administraƟve regions, 

alongside an analysis of dietary diversity. Leveraging mulƟple datasets from diverse sources 

and applying a range of analyƟcal approaches, we pursued three interrelated sub-objecƟves: 

i) quanƟfying food and nutrient self-suĸciency of France, ii) determining the relaƟve 

contribuƟons of diīerent food groups to nutrients self-suĸciency and assessing overall 

dietary diversity, and iii) disaggregaƟng self-suĸciency and diversity metrics at the 

administraƟve regional scale, thereby revealing spaƟally the regional heterogeneity and 

resilience in France’s food system. 



Results 

France Nutrient Self-Suĸciency 

Nutrient Self-Suĸciency Across the Two Dietary ProĮles 

 

Fig 1. Nutrient self-suĸciency raƟo (SSRn) across dietary benchmarks: diīerences between 

the Recommended Dietary Allowances (RDAs) intake reference and actual dietary paƩern 

of France populaƟon. 

IntegraƟng the naƟonal producƟon data with the actual intake and with the RDA taken as a 

reference diet, France appears nutriƟonally self-suĸcient for nearly all nutrients (Figure 1a ; 

Table S1). When RDA is taken as intake reference, domesƟc producƟon is in excess for total 

energy, protein, carbohydrates, dietary Įber, total fat, sodium and most minerals. However, 

producƟon falls below the self-suĸciency threshold for mono- and polyunsaturated fats and 

for the fat-soluble vitamins A and E, with self-suĸciency raƟos below 1 and reaching as low 

as 0.39. By contrast, when producƟon is evaluated against the current French dietary paƩern, 

all nutrients meet or exceed self-suĸciency. ParƟcularly large surpluses are observed for 

sugars, sodium and several minerals, with self-suĸciency raƟos generally exceeding 1.5 and 

reaching approximately 2-3 in some cases (e.g., carbohydrates, starch and iodine). Taken 



together, these Įndings indicate that actual France’s food system structurally oversupplies 

most nutrients while only marginally meeƟng current intake levels for key unsaturated fats 

and anƟoxidant vitamins (SSRn < 1.2) and failing to reach suĸciency when deĮned by the 

RDAs (SSRn < 1). 

Detailed results comparing the French populaƟon’s dietary intakes (i.e., consumpƟon levels) 

with recommended dietary allowances are provided in Supplementary Results-Table S1. 

Food Groups ContribuƟon and Diversity Display 

Food Group Self-Suĸciency Under Actual French Diets and the EAT-Lancet 

Fig 2. Food-group self-suĸciency (SSRf) across dietary benchmarks: (a) shiŌs between 

actual dietary paƩern and EAT–Lancet targets, and (b) clustering of food groups based on 

combined self-suĸciency proĮles under both dietary scenarios. 

Food‑group self‑suĸciency raƟos expressed in food quanƟty terms show that France’s 

domesƟc producƟon markedly exceeds the actual demand for several staple and 

animal‑source foods, while falling short for others (Figure 2 ; Table S4). When benchmarked 

against France populaƟon’s actual diets, producƟon is more than threefold self‑suĸcient for 



cereals and tubers (SSRf ≈ 3.5), sugar products (≈3.9) and milk (≈4.6), and remains 

comfortably above unity for legumes, nuts, beef and lamb, pork and eggs. By contrast, 

producƟon does not fully cover current intakes of vegetables, fruits, poultry, Įsh and, most 

strikingly, some other crop products (e.g., vegetable oils), indicaƟng a dependence on 

imports for these components of the present diet. Aligning demand with the EAT‑Lancet 

reference diet substanƟally reshapes these paƩerns, amplifying exisƟng surpluses for some 

groups while deepening or creaƟng deĮcits for others. Under this healthier and more 

plant‑forward dietary scenario, self‑suĸciency remains high or increases further for cereals, 

tubers, sugar products, milk, eggs and especially red and processed meats, with SSRs for beef 

and lamb and pork rising to about 7-8 owing to the much lower recommended intakes. In 

contrast, the shiŌ towards higher recommended consumpƟon of vegetables, fruits, legumes, 

nuts, poultry and Įsh drives their SSRs well below one (down to about 0.13 for nuts and 

0.22-0.40 for vegetables and fruits). 

Clustering of food-group self-suĸciency raƟos (SSRf) expressed in quanƟty (Figure 2b), jointly 

considering actual French dietary paƩern and an EAT-Lancet compaƟble dietary scenario 

(with similar paƩerns obtained when expressed in energy terms), reveals four disƟnct 

conĮguraƟons of food groups supply-demand balance. A Įrst cluster groups fruits, 

vegetables, legumes, nuts, poultry and Įsh, whose SSRf values remain below or close to unity 

under both benchmarks and decline further under the EAT–Lancet scenario, indicaƟng 

structurally insuĸcient domesƟc supply for nutriƟonally criƟcal food groups. A second and 

third clusters comprise staple commodiƟes, including cereals, tubers, sugar products and 

milk, that consistently exceed the self-suĸciency threshold (SSRf > 2.5) across both dietary 

proĮles, reŇecƟng a strong and persistent producƟon surplus. In contrast, a fourth cluster 

encompasses ruminant and other animal products, notably beef and lamb and pork, 

characterized by moderate self-suĸciency under current consumpƟon (SSRf < 1.5) but very 

large surpluses under EAT-Lancet intake levels (SSRf > 7), highlighƟng substanƟal overcapacity 

relaƟve to the demand of a healthier, more sustainable diet. Eggs, although grouped within 

the third suĸciency cluster, display a similar paƩern of moderate adequacy under current 

diets (SSRf around 1.5) and increased surplus under EAT intake scenario (SSRf > 2.5), 

suggesƟng their intermediate posiƟoning between structurally balanced and over-supplied 

animal-source foods. 



Taken together, quanƟty- and energy-based (Supplementary Result-Table S4) self-suĸciency 

indicators reveal a consistent structural paƩern: France overproduces cereals, tubers, sugar 

products and most ruminant and dairy foods, while underproducing vegetables, fruits, 

legumes, nuts, poultry and Įsh relaƟve to current dietary demand, with these imbalances 

becoming more pronounced under a transiƟon towards EAT–Lancet-aligned, healthier 

dietary paƩern.



Food Groups’ ParƟal Self-Suĸciency (PSSRf,n) within each Nutrient Spectrum 

 

Fig 3. Food-group parƟal self-suĸciency for nutrients (PSSRf,n) in France, based on actual 

diet. radar representaƟon of food-group parƟal self-suĸciency across nine selected nutrients 

(full results for overall nutrients provided in Table S5). The green reference line denotes the 

suĸciency threshold (PSSRf,n = 1). Red stars (★) idenƟfy the dominant food groups in 

nutrient consumpƟon, with red values in parentheses indicaƟng their percentage 



contribuƟon among the Įve leading groups. Black values reported beneath food-group 

labels indicate cases of pronounced surplus (PSSRf,n > 2). As an example of how to read this 

Įgure, poultry contributes to protein intake of French populaƟon (~30 g of poultry meat/day/ 

capita), accounƟng for 10% of total protein consumpƟon (★), but exhibits low self-suĸciency 

(only 7 g are produced of poultry meat/day/capita), resulƟng in a low protein parƟal self-

suĸciency (PSSRf,n = 0.22). Conversely, cereals contribute to protein intake (15%) due to high 

consumpƟon (176 g of cereals /day/capita), and their high domesƟc producƟon (626 g of 

cereals /day/capita) leads to a high protein parƟal self-suĸciency (PSSRf,n = 2.96). A PSSR 

value greater than 1 indicates that domesƟc producƟon of a given food group can cover the 

amount of the nutrient currently consumed from that same food group; it does not imply that 

the food group alone can saƟsfy the total nutrient requirements of the populaƟon. 

The food-group level assessment reveals marked heterogeneity in the ability of individual 

food groups to achieve parƟal self-suĸciency within speciĮc nutrient contexts (Figure 3 ; 

details for the 24 nutrients in Table S5). Cereals and tubers consistently emerge as 

dominant pillars, exceeding parƟal self-suĸciency thresholds within each macronutrient, 

micronutrient, mineral and vitamin supply spectrum, thereby underpinning the structural 

foundaƟon of the nutriƟonal French diet. Among animal-source foods, beef-and-lamb and 

pork meats display similarly high performance, achieving or surpassing parƟal self-suĸciency 

across a broad spectrum of macronutrients and key micronutrients. Dairy products and, to a 

lesser extent, eggs also exhibit strong contribuƟon, achieving high parƟal self-suĸciency 

within most of macro- and micro-nutrients, although their role remains limited for nutrients 

absent from these groups, notably Įber and starch. Sugar products follow a comparable 

paƩern of achieving parƟal self-suĸciency within each macronutrient and micronutrient 

spectrum yet do not contribute to starch and vitamins adequacy (i.e., zero in the parƟal self-

suĸciency raƟo). 

Detailed descripƟve results on the relaƟve contribuƟons of food groups to; separately, the 

actual nutrients producƟon and nutrients consumpƟon are provided in Supplementary 

Results-Tables S2 and S3. 

In contrast, several plant-based groups show more nutrient-speciĮc and oŌen constrained 

parƟal suĸciency. Legumes reach parƟal self-suĸciency within each of the major 

macronutrients (energy, protein and carbohydrates) but fall short across most 



micronutrients’ contexts, except only marginal adequacies within selected trace elements 

such as β-carotene, iodine and selenium. Vegetables occupy an intermediate posiƟon, with 

values clustering near the suĸciency threshold: they approach suĸciency (parƟal self-

suĸciency raƟo of 0.8 to 0.9) within the macronutrients contexts and meet or slightly exceed 

suĸciency within several micronutrients (0.9 - 1.2), reŇecƟng their criƟcal; yet not dominant, 

role in nutrient supply (i.e., low contribuƟon in those nutrients consumpƟon level). Fruits 

remain below the parƟal self-suĸciency threshold across the overall nutrient spectrum, 

despite making substanƟal contribuƟons to the intake of iron, β-carotene, carbohydrates and 

iodine. In contrast, Nuts exhibit high nutrient eĸciency, parƟcularly for unsaturated fats and 

vitamin E, achieving parƟal self-suĸciency despite their relaƟvely low contribuƟon to overall 

dietary intake. Poultry and Įsh do not reach the parƟal self-suĸciency thresholds across the 

broader nutrient spectrum. 

Taken together, these results highlight a dual structure of nutrient provision in the French 

food system, in which cereals, tubers and major animal-source foods (notably beef-and-

lamb, pork, dairy and eggs) secure broad parƟal self-suĸciency across each of macro- and 

micronutrients supply, while other food groups play more targeted, nutrient-speciĮc roles. 

Legumes, vegetables, nuts, fruits, poultry and Įsh primarily act as complementary 

contributors, helping to close speciĮc adequacy gaps rather than independently ensuring 

parƟal self-suĸciency across the full nutrient spectrum. 

Finally, In Supplementary Result-Table S5, we reported more detailed descripƟve results on 

the structure and diversity of food group contribuƟons to nutrient parƟal self-suĸciency. 

Regional PaƩerns of Food and Nutrient Self-Suĸciency 



Regional PaƩerns of Nutrient Self-Suĸciency Across France 

Fig 4. Regional nutrient self-suĸciency under actual intake benchmark: SpaƟal distribuƟon 

of nine nutrient self-suĸciency across the 12 regions of metropolitan France (full results for 

overall nutrients and under both intake proĮles; actual intake and RDAs, are provided in 

Table S7). Values are expressed as nutrient self-suĸciency raƟo (SSRn), with color gradients 

indicaƟng increasing levels of self-suĸciency from light to dark tones. 

Detailed analyses of France’s regional dispariƟes under; separately, actual producƟon and 

actual intake paƩern, as well as their main drivers, are reported in Supplementary Results-

Table S6. 

Under both RDA- and actual dietary paƩern based benchmarks, regions such as Normandie, 

Bretagne, Pays de la Loire, Hauts-de-France, Grand Est and Bourgogne-Franche-Comté 

exhibit high self-suĸciency raƟos; oŌen exceeding 2-3, for energy, protein, carbohydrates 

and several minerals (Figure 4 ; Table S7). These territories form France’s principal cereal and 

livestock basins, combining extensive arable land with dense dairy, pig and poultry sectors. In 



contrast, Île-de-France and Provence-Alpes-Côte d’Azur, Occitanie and to a lesser extent 

Auvergne-Rhône-Alpes, display raƟos below 1 for several macro- and micronutrients, 

parƟcularly when evaluated against actual consumpƟon (Figure 4). These regions paƩern is 

aligned with their high populaƟon densiƟes, compeƟƟon for land with urban uses and a 

producƟon structure oriented toward higher-value but less calorie-dense sectors such as 

horƟculture and viƟculture. Intermediate regions, including Centre-Val de Loire and 

Nouvelle-Aquitaine, generally, maintain clear surpluses for staple macronutrients but remain 

closer to balance for certain vitamins and trace elements, with self-suĸciency raƟos around 

or only slightly above unity. 

Across nutrients, an important subset consistently approaches or falls below the criƟcal self-

suĸciency band, indicaƟng their potenƟal vulnerabiliƟes in the system. β-carotene 

represents the most pronounced case, with raƟos below unity in nearly half regions and 

approaching balance only where fruit- and vegetable-rich producƟon systems; parƟcularly in 

western areas, parƟally oīset local demand. Iodine and, in several regions, selenium also 

remain close to or below unity, reŇecƟng their reliance on geographically concentrated 

supply chains centered on dairy, Įsh and certain animal products (i.e., north-western 

regions). For macronutrients, energy and protein are strongly in surplus in most western and 

northern regions but approach the criƟcal range in more urbanized and Mediterranean 

territories. Unsaturated fats, especially polyunsaturated faƩy acids, and several trace 

elements; including copper and zinc, also Ňuctuate around unity in some interior regions, 

suggesƟng limited redundancy in local supply. 

Overall, no region achieves full nutriƟonal self-suĸciency across all nutrients under either 

RDA-based or real-consumpƟon benchmarks. Even the most producƟve regions such as 

Bretagne, Normandie and Nouvelle-Aquitaine; combine large surpluses for energy, protein, 

fats, calcium and phosphorus with deĮcits for at least one micronutrient, most frequently β-

carotene or iodine. This indicates that, with such a regionalized producƟon, intra-naƟonal 

trade in nutrient-dense foods remains necessary to balance regional supply. On other hand, 

Île-de-France and Provence-Alpes-Côte d’Azur remain below self-suĸciency for mulƟple 

nutrients and rarely reach clear surpluses even when evaluated only against RDAs, 

highlighƟng their structural dependence on inŇows from surplus regions. 

Regional Nutrient Supply Structure and PotenƟal Food-Flow Resilience 



Across regions, nutrient self-suĸciency is supported by markedly diīerent combinaƟons of 

plant- and animal-based food groups, revealing both relaƟvely balanced and strongly 

specialized producƟon structures “Results Supplementary Material - Regions Results”. In 

the western livestock belt (i.e., a geographic region in western France characterized by a high 

concentraƟon of livestock farming, parƟcularly dairy and beef producƟon), including 

Bretagne, Pays de la Loire and Normandie, as well as parts of Nouvelle-Aquitaine, energy and 

protein self-suĸciency relies on a combinaƟon of cereals and very large contribuƟons from 

dairy products, pork and other meats. Moreover, in these regions, animal-source foods 

supply most protein, fat, calcium and several trace elements, whereas crops dominate 

carbohydrates and dietary Įber. In contrast, north-eastern cereal basins, such as Hauts-de-

France, Grand Est, Bourgogne-Franche-Comté and Centre-Val de Loire, exhibit more crop-

oriented systems, where wheat and other cereals, sugar crops, oilseeds and legumes account 

for most energy, carbohydrates and several minerals, while animal products play a secondary 

but sƟll important role for protein and fat. Mediterranean and mountainous regions, 

including Occitanie, Provence-Alpes-Côte d’Azur and Auvergne-Rhône-Alpes, exhibit a 

marked specializaƟon in horƟcultural and fruit producƟon, with fruits, vegetables and olive-

derived products contribuƟng substanƟally to vitamins, β-carotene and selected minerals, 

oŌen approaching self-suĸciency levels. In contrast, cereals and animal-source foods play a 

comparaƟvely limited role in total energy and protein supply, except in Auvergne-Rhône-

Alpes, where mountain-based livestock systems sustain a more prominent contribuƟon. As a 

result, these regions are characterized by predominantly plant-based micronutrient supply 

proĮles but remain dependent on inŇows of cereals and dairy products to meet staple 

requirements for energy, protein, fats and calcium. Île-de-France contrasts sharply, with a 

producƟon system largely oriented towards cereals and sugar crops that remains insuĸcient 

to meet the demands of its dense urban populaƟon, and with limited livestock and 

horƟcultural output, leaving the region highly reliant on external territories for overall crop 

and animal food. 

Linking regional nutrient self‑suĸciency with food‑group diversity shows that the resilience 

of France’s food system depends not only on aggregate producƟon, but also on how many 

disƟnct food groups; crops and animal products, support each nutrient. Overall, robustness 

to shocks is greatest where high self‑suĸciency coincides with both a large share of food 



groups meeƟng parƟal self-suĸciency and a balanced plant-animal contribuƟon; as in 

Bretagne, Pays de la Loire, Normandie and parts of Nouvelle‑Aquitaine, and weakest in 

territories such as Île‑de‑France and some Mediterranean regions, where lower self-

suĸciency levels are coupled with strong reliance on a few specialized groups (cash crops, or 

fruits and vegetables). 



Discussion 

Using naƟonal producƟon data, our analysis indicates that France is broadly self-suĸcient in 

calories and macronutrients both when considering actual nutrient intakes and RDA 

references. When evaluated against populaƟon’s current consumpƟon paƩerns, all nutrients 

meet or exceed self-suĸciency, with parƟcularly large surpluses for sugars and sodium, 

which are nutrients whose intake should be limited. This proĮle aligns with documented 

dietary trends in France (Dubuisson et al., 2019), including high consumpƟon of processed 

foods, excess salt intake and insuĸcient Įber, suggesƟng that the structural oversupply of 

energy-dense, nutrient-poor foods, although remixed with exports and imports, is eīecƟvely 

transmiƩed into diets, while micronutrient-rich foods remain comparaƟvely under-

represented. However, when assessed against RDAs, domesƟc producƟon falls short for 

mono- and polyunsaturated fats and for fat-soluble vitamins A, β-carotene and E, with self-

suĸciency raƟos declining substanƟally. These Įndings indicate that recommended intakes 

for important nutrients cannot be met solely from domesƟc producƟon. The literature has 

documented that many food systems worldwide achieve caloric suĸciency yet remain 

constrained by limited availability of micronutrient-dense foods, contribuƟng to persistent 

forms of “hidden hunger” (Beal et al., 2017; Fletcher et al., 2024).  

On the other hand, our results do not imply that France’s lack of some nutriƟonal self-

suĸciency; speciĮcally for micronutrients, translates into populaƟon-level nutriƟonal 

insecurity. First, France is characterized by substanƟal reliance on imports that contributes to 

the intake of several micronutrients, including vitamins and unsaturated fats; parƟcularly 

from legumes, vegetables, nuts and Įsh (Stehl et al., 2025). Second, producƟon-based 

metrics as nutrient self-suĸciency (i.e., the availability pillar) fail to capture inequaliƟes in 

access and food aīordability (i.e., accessibility and stability) and within-country variaƟon in 

dietary quality (i.e., uƟlizaƟon); the three addiƟonal pillars of nutriƟonal security (Bahn et al., 

2021; Molani-Gol et al., 2023; Mombert et al., 2025). Nonetheless, this low nutriƟonal self-

suĸciency when compared to recommended allowances indicates that the French 

producƟon system as it stands is not able to sustain a move towards nutriƟonally adequate 

diets for the populaƟon, which reveals a lack of sovereignty capacity and a lack of resilience 

to geopoliƟcal disrupƟons in trade. 



At the food-group level, the structure of self-suĸciency reveals a clear alignment between 

surplus producƟon and dominant sources of dietary energy as well as for other macro- and 

micronutrients provision. Cereals, tubers, sugars and red meat, which are produced in 

excess, are also the main contributors to naƟonal calorie supply, whereas food groups with 

producƟon deĮcits, including fruits, legumes, nuts and Įsh, are those most criƟcal for 

improving dietary quality and micronutrient intake. The observed producƟon-consumpƟon 

structure indicates that a transiƟon towards healthier and more plant-forward dietary 

paƩerns cannot be evaluated independently of the current agricultural producƟon structure. 

Because several food groups encouraged by dietary guidelines already exhibit relaƟvely low 

levels of self-suĸciency, a dietary transiƟon alone could increase the gap between domesƟc 

supply and recommended consumpƟon unless accompanied by corresponding changes in 

agricultural producƟon (Fischer et al., 2025; Springmann et al., 2020; Stehl et al., 2025). 

Under full adopƟon of the EAT-Lancet reference diet (WilleƩ et al., 2019), the higher 

recommended intake of currently under-supplied food groups would reveal pronounced 

deĮcits, with self-suĸciency raƟos falling well below unity. Addressing these gaps would 

require either increased reliance on imports or signiĮcant reconĮguraƟon of domesƟc 

producƟon systems, including shiŌs in land use, resource allocaƟon and policy support. 

These Įndings are consistent with broader European evidence showing that alignment with 

health-oriented diets entails reducing animal-source producƟon while much expanding 

fruits, vegetables and pulses, with important implicaƟons for agricultural systems and 

resource use (Rieger et al., 2023; van Selm et al., 2022). In In the French context, policy 

instruments such as targeted subsidies for horƟcultural and pulse producƟon under the 

Common Agricultural Policy (CAP) have sought to address these gaps, although their 

eīecƟveness remains debated, highlighƟng the need for more coordinated and targeted 

food-system intervenƟons (Prosperi and KleŌodimos, 2021). More broadly, the mismatch 

idenƟĮed here between current agricultural producƟon paƩerns and health-opƟmized diets 

underscores a wider structural challenge: most contemporary agricultural-food producƟon 

systems remain misaligned with nutriƟonal and sustainability targets, poinƟng to the need 

for integrated policies that jointly address agricultural producƟon, trade and dietary-

nutriƟonal guidelines rather than treaƟng them as purely consumer‑side aspiraƟons 

(Springmann et al., 2020; Stehl et al., 2025; WilleƩ et al., 2019). 



Linking nutrient self-suĸciency to food-group contribuƟons reveals a marked asymmetry in 

the structure of France’s food system. Most macronutrients are supported by mulƟple, partly 

redundant food groups, with complementary roles of plant- and animal-based sources 

providing buīering capacity against sector-speciĮc shocks. In contrast, several micronutrients 

depend on a narrower set of specialized sources, increasing vulnerability in the food supply. 

This paƩern is reinforced by diversity metrics, which show that while a relaƟvely broad 

porƞolio of food groups underpins macronutrient self-suĸciency, micronutrient adequacy 

relies on more limited combinaƟons. Such Įndings are consistent with global evidence 

indicaƟng that food systems are generally resilient for energy and macronutrients but more 

fragile for micronutrients due to reliance on a small number of nutrient-dense foods 

(Arimond et al., 2010; Kennedy, 2009). Consequently, reducƟons in diversity of the 

contributors to self-suĸciency, parƟcularly among micronutrient-rich groups, would have 

limited impact on calorie availability but could rapidly compromise adequacy for nutrients 

such as calcium, iodine, selenium, vitamin E and provitamin A (Beal et al., 2017; Nicol et al., 

2022). From an agricultural systems perspecƟve, this imbalance underscores the need to 

diversify producƟon beyond calorie-dense staple crops such as cereals and other high-energy 

commodiƟes. While forƟĮcaƟon and bioforƟĮcaƟon can parƟally address speciĮc 

deĮciencies, sustaining micronutrient adequacy ulƟmately depends on expanding the supply 

of currently under-represented, nutrient-dense food groups, parƟcularly legumes, 

vegetables, nuts and seafood, using targeted reallocaƟon of resources and investment 

(Fischer et al., 2025; Stehl et al., 2025; Yilmaz and Yilmaz, 2025). As an analogy for the eīect 

of food diversity at the level of populaƟon diets, it has been shown that diversity is beneĮcial 

to nutriƟonal adequacy when it operates within healthy food groups and when it results in 

increased consumpƟon of subgroups that are suĸciently high in nutrients that are lacking 

and suĸciently low in nutrients to limit, thereby exerƟng a leverage eīect on diet quality 

(Bolo et al., 2026). From a food policy standpoint, these Įndings indicate that demand-side 

dietary guidance alone is insuĸcient to drive meaningful nutriƟonal transiƟons. Aligning 

France food producƟon with health and sustainability objecƟves will require coordinated 

supply-side measures, including subsidy reform and strategic support for horƟculture, pulses 

and sustainable aquaculture, to beƩer match agricultural output with nutriƟonal needs 

(Prosperi and KleŌodimos, 2021; Sirot et al., 2011). 



Regional consumpƟon paƩerns in France are relaƟvely similar at an aggregate level, with 

only limited variaƟon across territories. In contrast, agricultural producƟon exhibits 

pronounced spaƟal heterogeneity, leading to substanƟal diīerences in self-suĸciency raƟos 

across regions. Western and northern livestock-cereal regions generate substanƟal surpluses 

of staple calories, protein and minerals oŌen exceeding an order of magnitude in major 

producƟon basins such as Bretagne, Pays de la Loire and Hauts-de-France, whereas 

urbanized and Mediterranean regions (e.g., Île-de-France and Provence-Alpes-Côte d’Azur) 

exhibit persistent deĮcits and remain structurally dependent on inŇows (Pecher et al., 2024; 

Rouxelin et al., 2022). These dispariƟes reŇect the combined interacƟon between achieving 

food self-suĸciency objecƟves and land compeƟƟon, populaƟon density and regional 

specializaƟon (Mamassi et al., 2025): highly urbanized, densely populated regions, as well as 

oriented regions towards higher-value but less calorie-dense sectors (e.g., Mediterranean 

regions); such as horƟculture and viƟculture, remain structurally dependent on inŇows from 

other territories. Moreover, this asymmetry highlights that France’s naƟonal self-suĸciency 

is structurally sustained by a small number of highly producƟve territories (Shi et al., 2021). 

This paƩern mirrors broader European trends, where biophysical constraints; parƟcularly soil 

and climate condiƟons, interact with socio-economic factors to shape pronounced regional 

heterogeneity in food producƟon and nutrient balances (Lampach et al., 2025; Mamassi et 

al., 2026; Pecher et al., 2024).  

At the same Ɵme, current study regional assessment has revealed important nutrient-speciĮc 

vulnerabiliƟes that are independent and not apparent at the naƟonal scale: i) while northern 

and north-western regions appear robust for energy and major minerals, their supply of 

carotenoids, vitamin E and certain essenƟal minerals (notably iodine and selenium) depends 

on the limited number of specialized producƟon areas, including southern horƟcultural 

systems and coastal Įsheries; ii) the nutrient adequacy is further condiƟoned by the balance 

between plant- and animal-based producƟon systems: regions combining strong cereal and 

livestock sectors (e.g., Normandie) beneĮt from complementary nutrient proĮles, whereas 

more specialized regions risk shorƞalls without interregional exchanges (Iachkine et al., 

2026). Diversity metrics reinforce this paƩern, showing that resilience is highest where high 

self-suĸciency coincides with diverse and balanced food-group contribuƟons (e.g., Bretagne, 

Nouvelle-Aquitaine), but weaker in regions reliant on a narrow set of local commodiƟes, such 



as Île-de-France or Provence-Alpes-Côte d’Azur. Recent shocks, including disrupƟons linked to 

COVID-Pandemic and the war in Ukraine, further illustrate how dependence on interregional 

Ňows can amplify systemic risks under climate extremes or input shortages, underscoring the 

need for more spaƟally diversiĮed and regionally adapted food-system strategies beyond 

aggregate naƟonal metrics (AccaƟno et al., 2022; Li et al., 2021; Mamassi et al., 2026). 

Overall, France’s food system is characterized by strong interregional complementarity, with 

disƟnct producƟon zones collecƟvely sustaining naƟonal nutrient supply. Cereal basins such 

as Hauts-de-France, Grand Est and Centre-Val de Loire primarily provide staple calories, 

starch, Įber and minerals to deĮcit regions, while western livestock areas; including 

Bretagne, Pays de la Loire, Normandie and Nouvelle-Aquitaine, export dairy and meat 

products that underpin naƟonal supplies of protein, fats and key micronutrients. Southern 

and mountainous regions, notably Occitanie, Provence-Alpes-Côte d’Azur and Auvergne-

Rhône-Alpes, contribute disproporƟonately to the supply of fruits and vegetables rich in 

carotenoids and vitamins (Le Noë et al., 2018). This spaƟal organizaƟon supports naƟonal 

self-suĸciency but relies on conƟnuous interregional Ňows that would become criƟcal under 

constrained trade condiƟons, while simultaneously increasing exposure to transport and 

logisƟcal disrupƟons (Kaufmann et al., 2022; Pecher et al., 2024). Also, despite achieving 

aggregate self-suĸciency, structural imbalances persist: surpluses in cereals and animal 

products coexist with deĮcits in fruits, vegetables and Įsh, and reliance on external inputs 

such as imported feed and ferƟlizers limits true territorial autonomy. Model-based evidence 

indicates that reconĮguring producƟon by regional crop-livestock integraƟon and targeted 

land reallocaƟon could enhance resilience, reduce input dependence and beƩer align supply 

with healthy dietary paƩerns, although projected climate pressures; parƟcularly increasing 

water stress in southern regions, may weaken this complementarity, highlighƟng the need 

for adapƟve diversiĮcaƟon and integrated territorial strategies that align naƟonal dietary 

transiƟons with regional producƟon capaciƟes and constraints (AccaƟno et al., 2022; 

Mamassi et al., 2026). 

In summary, France’s food system emerges as broadly self-suĸcient in calories and 

macronutrients, yet structurally vulnerable for several key micronutrients and for transiƟons 

towards healthier, plant-forward dietary paƩerns. While mulƟple plant- and animal-based 

food groups redundantly secure energy and protein supply, a much narrower porƞolio of 



specialized foods (e.g., legumes, fruits and vegetables, nuts and seafood), oŌen spaƟally 

concentrated and partly import-dependent, underpins adequacy for unsaturated fats and 

micronutrients such as zinc, iron, copper, iodine, selenium, vitamin E, β-carotene and reƟnol. 

This conĮguraƟon sustains an apparent naƟonal “nutriƟonal self-suĸciency” under current, 

energy-dense consumpƟon paƩerns, but conceals exposure to trade disrupƟons, market 

volaƟlity and persistent inter-regional inequaliƟes in access. 

By integraƟng naƟonal and regional self-suĸciency metrics with food-group contribuƟons 

and dietary diversity, this study shows that aligning French food producƟon with health-

opƟmized and sustainable diets; an objecƟve for a higher sovereignty and sustainable food 

system, would require more than demand-side dietary shiŌs. Expanding the domesƟc 

availability of nutrient-dense foods would likely involve substanƟal reorganizaƟon of 

agricultural producƟon systems and strategic supply-side transformaƟons foods, while 

maintaining regional complementarity and resilience under climaƟc and market pressures. 

More broadly, these Įndings reinforce growing evidence that contemporary food systems are 

largely calorie-secure but micronutrient-fragile, all the more as the systems are considered at 

a Įne granular level, highlighƟng detailed lack of resilience. Overall, our analysis indicates the 

need for integrated policy frameworks that simultaneously govern agricultural producƟon, 

trade and dietary guidelines. 



Methods 

Study Area: France and the associated twelve administraƟve regions 

France stands as the leading agricultural producer in Europe, and in the present study, we 

assessed the France food and nutrients self-suĸciency levels, along with the analysis of food 

diversity display. The analysis was conducted at two scales: at the naƟonal level, focusing 

exclusively on metropolitan France “closed hexagon” while deliberately excluding overseas 

territories; and at the regional level, considering the twelve administraƟve regions within 

metropolitan France. RestricƟng the study to this geographically conƟguous area enables a 

clearer interpretaƟon of internal food and nutrient Ňows by avoiding the complexiƟes 

introduced by overseas departments, which are oŌen located in disƟnct agro-ecological 

zones (e.g., the Caribbean, Indian Ocean, or PaciĮc). Furthermore, this spaƟal delimitaƟon 

allows for more precise and context-speciĮc assessments of food and nutrients self-

suĸciency, infrastructure, and resource allocaƟon, all of which operate under a uniĮed 

logisƟcal and administraƟve framework. 

Methodology Overview 

Given the extensive dataset types, their processing and the diversity of analyƟcal procedures 

involved; including the equaƟons, task-speciĮc assumpƟons at each stage and calculaƟons, 

the methodology presented in the main text is grounded in a comprehensive set of 

“Methodology-CalculaƟons Supplementary Material” Įle. These supplementary documents 

provide detailed, task-speciĮc methodologies tailored to each major component of the study.  



Fig 5. Overview on the methodological framework 

These tasks were organized in a logical sequence, beginning with the treatment of raw data 

and culminaƟng in targeted analyses designed to extract meaningful results (Figure 5). The 

Įrst axis focused on processing actual agricultural producƟon data in France and regions (see 

secƟon “Agricultural producƟon”). The second axis centered on consumpƟon data, which 

involved two major components: i) the treatment of actual food consumpƟon data in France 

and regions (see secƟon “Food and nutrients actual dietary consumpƟon”), and ii) the 

integraƟon of two normaƟve (or reference) dietary benchmarks (see secƟon “Dietary 

references for food and nutrients healthy recommendaƟons”). 

Building on these data sources, we conducted series of analyses (see secƟon “Data 

Analyses”), aimed at evaluaƟng nutrient and food and nutrient self-suĸciency levels, 

quanƟfying the relevant contribuƟons of various food groups, and assessing dietary diversity. 

These assessments were carried-out through naƟonal as well as at regional level to capture 

spaƟal variaƟon in food system resilience. 



ProducƟon & ConsumpƟon Dataset 

Agricultural producƟon 

Data on gross producƟon of both crop and animal products were obtained from the 

“Agreste” database (hƩps://agreste.agriculture.gouv.fr/agreste-web/), the oĸcial staƟsƟcal 

system of the French Ministry of Agriculture. The raw data used in this study correspond to 

the recent available complete agricultural campaign (2022) and are provided at mulƟple 

spaƟal scales, ranging from the smallest agricultural zones up to departments, the 12 

administraƟve regions of France metropolitan, and the naƟonal level. For the purposes of 

this analysis, we focused on the regional and naƟonal dataset. The dataset comprises two 

primary components: i) crop producƟon data, including yields and culƟvated areas across a 

range of crop types; encompassing both food and forage crops, from which total crop 

producƟon was calculated; and ii) livestock data, detailing the number of animals by species 

and producƟon category. All values represent gross producƟon and therefore require both 

pre- and post-processing to isolate the fracƟon relevant to and eīecƟvely contribuƟng to 

human nutriƟon. Pre-processing involved the exclusion of crops with exclusively non-food 

uses, such as feed-forage cereals, feed grasses, and crops classiĮed as industrial (non-edible) 

products. Post-processing included the applicaƟon of “parƟal allocaƟon coeĸcients” to 

esƟmate the share of each crop ulƟmately desƟned for human consumpƟon. For livestock, 

addiƟonal steps were implemented to convert herd inventories into net edible producƟon of 

animal products. Finally, the conversion from agricultural products to nutrients was 

performed using nutriƟonal composiƟon data mainly comes from the Ciqual&CALNUT 

database (hƩps://www.anses.fr/en/content/ciqual-nutriƟonal-composiƟon-table). USDA 

Food Data Central (hƩps://fdc.nal.usda.gov/) (McKillop et al., 2021), is used as a 

complementary database to extract the conversion factors for products not included in 

previous sources. The document Ɵtled “Method overview - details on producƟon 

database”; integrated in the Įle of Methodology-CalculaƟons Supplementary Material, 

provides the descripƟon of the methodological steps, assumpƟons, and conversion factors 

employed to derive net food and nutrients producƟon values used in the present analysis. 

Moreover, in the same Įle, all calculaƟons are fully documented in an accompanying Excel 

document “Annex 1 - Agricultural producƟon calculaƟons”, which transparently presents 



the underlying data and processing logic. All reference sources used to inform conversion 

factors and nutriƟonal composiƟon are also included in last document.  

Food and nutrients actual dietary consumpƟon 

Data on actual dietary paƩern were derived from the INCA3 survey (Individual NaƟonal 

Study of Food ConsumpƟon) the third naƟonal dietary study conducted by ANSES (French 

Agency for Food, Environmental and OccupaƟonal Health & Safety). Carried out between 

2014 and 2015, INCA3 provides the most recent representaƟve dataset on the food 

consumpƟon paƩerns and dietary habits of the French populaƟon and serves as a key 

naƟonal reference for dietary assessments. This robust dataset enables the esƟmaƟon of 

habitual dietary intake per food items and at the individual level by accounƟng for day-to-day 

variability in food consumpƟon. While the INCA3 data reŇect dietary behavior from 2014-

2015, the present study assumes that general dietary paƩerns have remained suĸciently 

stable to jusƟfy their applicaƟon in conjuncƟon with the 2022 producƟon data. This 

assumpƟon supports the evaluaƟon of food and nutrient self-suĸciency levels and the 

diversity of nutrient availability at both naƟonal and regional scales. Methodological 

processing steps were required to esƟmate the actual consumpƟon of an average individual 

in France and each region. Using the INCA3 survey data, we Įrst calculated the mean daily 

consumpƟon of each food item for adults aged 18-79 years. To derive populaƟon-wide 

esƟmates, these values were then adjusted to account for the dietary intake of other 

demographic groups; children and adolescents (0-18 years) and the elderly (65+ years), 

based on their relaƟve energy requirements (ANSES, 2016). This adjustment was applied at 

both naƟonal and regional scales. SpeciĮcally, the average daily consumpƟon of each food 

item (expressed in g/day per individual per region) was esƟmated by combining adult 

consumpƟon data with scaling raƟos that reŇect the energy-adjusted intake of each sub-

populaƟon, weighted by the demographic composiƟon of each region. As the producƟon 

component, the conversion from food consumpƟon to nutrient consumpƟons was 

conducted using nutriƟonal composiƟon data mainly comes from the Ciqual&CALNUT 

database. Proxies from USDA Food Data Central database were used for the conversion of 

food not included in the previous source. The Methodology-CalculaƟons Supplementary 

Material Įle include a document enƟtled “Method Overview on ConsumpƟon Database” 

and that details the methodological steps, assumpƟons, and formulas used to esƟmate per 



capita consumpƟon in France and its regions. All data and processing logic are transparently 

documented in an accompanying Excel Įle “Annex 2 - Food & Nutrient consumpƟon 

calculaƟons”.  

Dietary references for food and nutrients healthy recommendaƟons 

This study employs two categories of global dietary reference frameworks to benchmark and 

to be compared with the actual dietary paƩerns in France and across its regions, including 

assessments of self-suĸciency and dietary diversity: the Recommended Dietary Allowances 

and food-based dietary guidelines “EAT-Lancet diet”.  

The Recommended Dietary Allowances (RDAs) includes the nutrient recommendaƟons: 

nutrient intake recommendaƟons, including those for energy, protein, and a broad spectrum 

of micronutrients, were derived primarily from age-speciĮc reference values. Where 

applicable, addiƟonal sub-criteria such as sex, body weight, physical acƟvity level, basal 

metabolic rate, and speciĮc physiological requirements were incorporated for certain 

nutrients (e.g., body weight for protein). These recommendaƟons were informed by 

authoritaƟve internaƟonal sources, with priority given to reference tables and reports from 

the World Health OrganizaƟon (WHO), the Food and Agriculture OrganizaƟon (FAO), the 

NaƟonal InsƟtutes of Health (NIH), and other global health agencies. The Methodology-

CalculaƟons Supplementary Material Įle integrate a document Ɵtled “Method overview on 

RDAs” provides the descripƟon of the methodological steps and the criteria employed to 

derive nutrients intake recommendaƟons based on RDAs. The calculaƟons were conducted in 

the Excel “Annex 3 - Nutrients RDAs calculaƟons”. 

Food-based dietary guidelines are exempliĮed by the EAT-Lancet reference diet, which  

provides a quanƟtaƟve framework for healthy dietary paƩerns that promote both human 

health and environmental sustainability. It speciĮes target intake ranges for major food 

groups (not nutrients), such as whole grains, fruits, vegetables, legumes, nuts, dairy, and 

animal-sourced foods, expressed on a per-capita, daily basis. These targets are grounded in 

epidemiological evidence linking diet composiƟon to reduced disease risk, while also aligning 

with planetary boundaries for land use, water consumpƟon, and greenhouse gas emissions 

(Kesse-Guyot et al., 2022; WilleƩ et al., 2019). In this study, the EAT-Lancet dietary targets 

served as a food-based benchmark were deĮned directly in the Results Supplementary 



Material Įle, in “Annex 4” and were used for evaluaƟng naƟonal food self-suĸciency under 

a healthy diet, and for comparing these targets with actual dietary paƩerns. 

Data analyses 

Building on the integrated dataset derived from producƟon, consumpƟon, and dietary 

reference sources, we performed targeted analyses to evaluate mulƟple dimensions of 

France’s food system. This mulƟ-level analyƟcal approach allowed for both a naƟonal 

overview and a Įner-grained understanding of regional dispariƟes in France food system 

performance. 

Nutrients’ self-suĸciency level 

Nutrients’ self-suĸciency was quanƟĮed using the indicator of self-suĸciency raƟo (SSRn), 

which measures the extent to which domesƟc producƟon can saƟsfy populaƟon demand for 

a given food group or nutrient:  

ܴܵܵ௡ = ௡ܲܥ௡ 

where (SSRn) is the self-suĸciency raƟo for nutrient (n), (Pn) is the amount produced 

domesƟcally for this nutrient, and (Cn) is the corresponding populaƟon consumpƟon (or 

demand) for this nutrient under the considered dietary paƩern. 

DomesƟc supply esƟmates were derived for 24 macro- and micronutrients, by converƟng 

agricultural producƟon data into nutrient quanƟƟes, uƟlizing standardized food composiƟon 

tables (see “Agricultural ProducƟon” sub-secƟon). NaƟonal demand for the same set of 

nutrients were calculated based on two dietary scenarios: actual dietary paƩerns (see “Food 

and Nutrients Actual Dietary ConsumpƟon” sub-secƟon) and the Recommended Dietary 

Allowances (RDAs) established as healthy dietary reference (see “Dietary References for 

Food and Nutrients Healthy RecommendaƟons” sub-secƟon). This framework was used to 

assess the extent to which domesƟc food producƟon meets populaƟon-level demand, 

including energy, macronutrients, and selected micronutrients. It also enabled comparison 

between actual nutrient intake and recommended dietary levels. 

ClassiĮcaƟon of food and agricultural products into food groups 



To examine the contribuƟon of diīerent foods to producƟon, consumpƟon and nutrient self-

suĸciency, the detailed list of individual crop and animal products was aggregated into 

broader food groups following the classiĮcaƟon of EAT-Lancet dietary reference. Within this 

framework, foods are organized into groups:  i) crop-based food groups; cereals, tubers, 

vegetables, fruits, legumes, nuts, sugar and sugar products, and other plant products, and ii) 

animal-based food groups; beef and lamb, pork, poultry, eggs, dairy products, and Įsh. This 

harmonized food-group structure provides a consistent basis for assessing the relaƟve 

contribuƟon of each group to France’s food producƟon and consumpƟon paƩerns and to the 

self-suĸciency levels of individual nutrients. It also enables a further comparison between 

actual food-group consumpƟon and a normalized benchmark of healthy dietary intake based 

on the EAT-Lancet dietary reference. 

Food groups self-suĸciency level and their parƟal contribuƟon to each nutrient 

producƟon/consumpƟon and self-suĸciency target. 

First, food group self-suĸciency raƟos (SSRf) were calculated in terms of quanƟty and energy 

under two dietary scenarios; i) actual consumpƟon in France in 2014; and ii) the EAT-Lancet 

dietary recommendaƟons. This enabled a direct comparison of actual food group intakes 

with those prescribed by an opƟmized dietary framework, thereby assessing self-suĸciency 

under both real-world and a healthy dietary condiƟon. 

ܵܵ ௙ܴ = ௙ܲܥ௙ 

where (SSRf) is the self-suĸciency raƟo for food group (f) expressed of energy (i.e., calorie) 

and quanƟty (i.e., gramme), (Pf) is the amount produced domesƟcally for this food group in 

terms of energy and quanƟty, and (Cf) is the corresponding consumpƟon (or demand) for this 

food group in terms of energy and quanƟty; and that under the considered dietary scenarios 

(i.e., actual paƩern or EAT-Lancet reference). 

In a further step, we applied k-means clustering to food groups self-suĸciency raƟos (SSRf) 

calculated for France under two dietary benchmarks: actual consumpƟon paƩerns and EAT-

Lancet. Each food group was represented by its paired (SSRf) values across these two 

benchmarks, and they were parƟƟoned into four clusters. The number of clusters was 

selected based on interpretability and stability consideraƟons, including inspecƟon of within-



cluster variance and centroid separaƟon. This unsupervised approach enabled the 

idenƟĮcaƟon of classes of food groups sharing similar self-suĸciency proĮles across dietary 

scenarios, thereby revealing disƟnct paƩerns of structural robustness and vulnerability 

within the naƟonal food supply. 

Second, for each food group, we quanƟĮed its relaƟve contribuƟon (%) to both total 

producƟon and consumpƟon of each nutrient. Third, to capture the nutriƟonal dimension of 

each food groups, we computed parƟal food group self-suĸciency raƟo (PSSRf,n) relaƟve to 

each individual nutrients, deĮned as the parƟal contribuƟon of each food group producƟon 

for a nutrient, toward meeƟng actual consumpƟon levels of this nutrient speciĮc intake 

targets from this food groups. For example, the PSSR (cereals,zinc) is the raƟo of the amount 

of zinc supplied by domesƟc cereal producƟon with the amount of zinc actually consumed 

through cereal food items, thereby indicaƟng the degree of parƟal self-suĸciency of cereals 

for zinc provision. This dual-layer approach allowed for the simultaneous evaluaƟon of food-

based contribuƟon on nutrient status within a uniĮed analyƟcal framework. 

ܲܵܵ ௙ܴ,௡ =  ௙ܲ,௡ܥ௙,௡ 

where: 
• ܲܵܵ ௙ܴ,௡ is the parƟal self-suĸciency of food group ݂ ; and its relevant contribuƟon 

raƟo for nutrient ݊ producƟon and consumpƟon ; 
• ௙ܲ,௡ is the amount of nutrient ݊ provided from domesƟc producƟon of food group ݂;  
 ௙,௡ is the amount of actual consumpƟon of nutrient ݊ provided from theܥ •

consumpƟon of food group ݂. 
Structure and diversity of food group contribuƟons to nutrient self-suĸciency 

Structure and diversity of food groups contribuƟon to each nutrient intake has been 

conducted using a counƟng approach deĮned as the number of food groups meeƟng the 

appropriate parƟal self-suĸciency threshold (PSSRf,n) for that nutrient (see “Food Groups 

ContribuƟon Assessment” sub-secƟon). This indicator was used to characterize diversity in 

two complementary ways. First, we quanƟĮed the proporƟon of food groups that achieved 

parƟal self-suĸciency levels for major nutrients, providing a measure of the breadth of 

nutrient supply across the diet. Second, we examined the relaƟve proporƟon of crop- and 

animal-based food groups to this contribuƟon to nutrient self-suĸciency, thereby capturing 



the structural balance of the food system. This dual perspecƟve allowed evaluaƟng not only 

the adequacy of nutrient provision across mulƟple food groups but also the resilience of the 

producƟon system, as reŇected in its sensiƟvity to the share of plant and animal sources to 

self-suĸciency under varying dietary and producƟon scenarios. 

Regionally downscaled assessment 

Regional variaƟon in food and nutrient self-suĸciency was assessed by downscaling 

producƟon and consumpƟon data to France’s twelve administraƟve regions. This approach 

enabled the evaluaƟon of spaƟal heterogeneity in both food and nutrient self-suĸcienct and 

dietary diversity. The analysis proceeded in several steps. First, we quanƟĮed the level of self-

suĸciency for each nutrient in each region to idenƟfy both the number of regions achieving 

self-suĸciency across all nutrients and, conversely, the number of nutrients for which self-

suĸciency was achieved in each region. Second, we idenƟĮed regions exhibiƟng major 

nutrient self-suĸciency deĮcits, as well as those falling within a criƟcal self-suĸciency range 

(0.95–1.05), and we assessed across regions the nutrients most frequently falling in these 

two categories. Third, we examined the relaƟve contribuƟons of plant-based and animal-

based food groups to nutrient supply in each region, idenƟfying regions where major 

nutrient intake was supported predominantly by one source type versus those with a 

balanced contribuƟon. Finally, we assessed the potenƟal resilience of regional food systems 

by analyzing the logical Ňow and contribuƟon of food groups under hypotheƟcal crisis 

scenarios, such as border closures, to evaluate local capacity for sustaining nutrient 

adequacy. This framework provided a spaƟally explicit perspecƟve on the strengths, 

vulnerabiliƟes, and resilience of France’s regional food systems. 
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