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Abstract: This paper proposes an innovative framework to describe sustainable transitions of food
systems while considering simultaneously socio-economic and environmental issues, in a just tran-
sition perspective. This framework (i) describes the structural changes needed for a sustainable
transition in food systems; (ii) assess their effects on employment at the farm and processing industry
level; (iii) detect the political levers needed to make this transition a just one—that is, preserving
jobs and livelihoods for communities. Using the decarbonation pathway for the agricultural sector
issued from the French National Low-Carbon Strategy as reference, we developed two scenarios for
the French dairy sector which have the same level of climate ambitious, but a different approach to
reach the target. Aiming exclusively to achieve a greenhouse gases reduction, the first scenario relies
only on supply side measures. This scenario has a negative impact in terms of employment loss at
the farm level and in the agri-food sector. In contrast, a multifunctional scenario considering simul-
taneously climate, biodiversity, health, and employment issues, and playing with policy measures
targeting supply, demand and market organisation can maintain jobs in the farm and agri-food sector,
contributes to restore the agro-biodiversity and develops food products compatible with healthy
nutritional guidelines.

Keywords: just transition; dairy value chain; decarbonization; agri-food sector; modelling frame-
work; farm jobs; agri-food jobs; French national low-carbon strategy

1. Introduction

The environmental impacts of the European food system are well established: they
concern simultaneously biodiversity loss (within and outside Europe), soil degradation,
greenhouse gases emissions and water bodies degradation [1,2]. Bringing the EU food
system back within planetary boundaries [3,4] would imply—amongst other things—a
strong protein transition [5,6], whereby the amount of animal protein production and
consumption strongly decreases, while at the same time the environmental impacts of
livestock productions systems are reduced [1,2,7,8].

Although there is a strong scientific consensus regarding what needs to be done from
a biophysical point of view, massive questions remain on how to make such a protein
transition a just one—that is, while maintaining jobs and livelihoods for the concerned
communities [9]. This question is even more central in the EU since the livestock sector
represents roughly a third of all direct employments of the agri-food industry (out of
4.5 million jobs) and 45% of the total agricultural activity [10]. This industry is also nowa-
days the most important manufacturing industry in the EU in terms of direct employment
and GDP creation, and the only industry that has resisted relocation over the last four
decades [11]. The economic importance of the sector probably partly explains the strong
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pushback expressed by most economic and political actors against any concrete measures
that would lead to a reduction in the livestock sector [12]. Thus, despite the ambitious
announcement of the recently published Farm2Fork Strategy, part of the EU Green Deal,
regarding the need to reduce the consumption of red and processed meat [13], there is still
no single measure nor concrete targets or measures to reduce animal production in the
EU [14].

This situation stems—at least partly—from the lack of scientific approaches to
apprehend—and thus tackle—the socio-economic implications of environmentally sustain-
able transitions. The widely used socio-economic models which capture the impacts of
transitions can only consider marginal changes to the food system [15]. This means that they
cannot deal with scenarios involving biophysical breakthroughs, although such scenarios
are necessary if we are to bring back the food system within planetary boundaries [7,16].

Conversely, models specialised in exploring biophysical transformations are unable to
capture their socio-economic impacts [15,17]. While different attempts have been made to
develop ecological macroeconomics frameworks [18,19], they have been mainly applied to
the energy sector and the agri-food sector has so far not been analysed through such a lens.
Against this backdrop, this paper has a twofold objective:

• To present an original theoretical and methodological framework to apprehend the
implications of sustainable food system scenarios on jobs, and thus identify the policy
and social conditions under which such scenarios could be economically viable and
socially acceptable;

• To present the key results of a research carried out applying this framework to the
French dairy sector, following the indicative pathways outlined in the French national
low carbon strategy [20].

The remainder of this paper is organized as follows. In Section 2, we present our
analytical framework, the data collection strategy, and the case study. Section 3 presents
the main results of the analysis while Section 4 discusses the main policy and scientific
implications of our research.

2. Materials and Methods
2.1. Case Study: Analyzing the Conditions of a Just Low Carbon Transition for the French
Dairy Sector

This paper is based on the projections for the agricultural sector contained in the
National Low-Carbon Strategy (SNBC). Published in 2020 by the French Ministry of Ecol-
ogy [20], the strategy aims to reduce by 50% greenhouse gas emissions from the agricultural
sector by 2050, providing a series of intermediary targets by 2030 and 2040. These targets
are based on a physical and agronomic description of the French agricultural system, in
terms of land use, livestock, yields and associated production, and cover all sectors and
sub-sectors. Among all sectors covered by the SNBC, we focused on the analysis of the
dairy sector for its importance for the French economy in terms of land use, employment
and total value added generated. Given the high level of uncertainty when assessing eco-
nomic changes, we also chose to work with a 2030-time horizon rather than 2050. Besides,
this time horizon is more adapted to engage stakeholders in the design of scenarios, as was
done in this study (see below the methodology section).

The SNBC envisions a series of changes in that sector by 2030, playing with the four
main levers of decarbonation of the AFOLU sector [21]: increasing efficiency to decrease
GHG emissions per ton of milk produced; maintain or increase carbon sinks through the
preservation of extensive grasslands and the development of temporary grasslands [22];
developing biomass-based renewable energy to substitute fossil fuels; and eventually
decreasing the overall herd size to reduce further emissions. Table 1 shows the different
technical levers and the extent to which their adoption is envisioned in the SNBC. Figure 1
shows the projected evolution of the dairy herd against historical trends and the evolution
of the cattle herd.
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Table 1. Technical developments in livestock systems according to SNBC assumptions (Source: adapted from MTES,
2020 [20]).

Dairy Farming 2015 2030 2050

Reduction of protein intake in
the feed (% of animals

concerned) [22]
65% 80% 100%

Reduction of enteric
fermentation through feed

additive (% of animals
concerned) [22]

0% 30% 90%

Increase lifespan of temporary
grasslands to 5 years (% of

animals concerned)
10% 50% 85%

Covering of slurry pits and
installing flares (% of
undigested effluent)

0% 46% 80%

Reduce age at first
calving—dairy cows 33.1 months 29 months 28.2 months

Reduce age at first
calving—suckler cows 36 months 33 months 32 months

Decrease average calf
mortality rate 17% 10% 10%

Increase the proportion of
dairy herds on grass

Proportion of dairy cows:
- mostly grass-fed: 16%
- mostly maize-fed: 58%

Proportion of dairy cows:
- mostly grass-fed: 29%
- mostly maize-fed: 54%

Proportion of dairy cows:
- mostly grass-fed: 45%
- mostly maize-fed: 44%
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dynamics (source: authors, based on MTES, 2020 [20]). SNBC: French national low carbon strategy.

Taken together, these changes imply a massive adaptation for the dairy sector, not
only at the farm level (with a 11% decrease in the overall number of dairy cows between
2015 and 2030), but also for the processing industry. The volumes and the geography of the
production will also change, calling into question current supply and investment strategies
and the investments needed at farm level, in a context of ageing of the farmer population
and of constant increase in the capital intensity of farms. In this context, this paper provides
public authorities and sector representatives reliable and transparent data regarding the
potential consequences of the transition and on the most relevant accompanying measures
that could be implemented.
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2.2. Conceptual Framework: MOFOT, a MOdel of FOod Systems TRANSITION

To do so, a conceptual model of food systems dynamics called MOdel of FOod systems
Transitions (MOFOT) was developed. This model explores the socio-economic impacts
of ambitious food system transformation scenarios and helps identifying the political
and societal levers for a just transition. This original problematization led us to structure
MOFOT as follows.

MOFOT takes as a starting point (box 1, Figure 2) an agronomic scenario at an ag-
gregated level (the national or regional level), expressed in biophysical terms: land use,
average yields, size of herds, adoption rate of specific mitigation measures.
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Then, MOFOT explores the potential transformation at farm, industry and consumer
levels that are coherent both with the physical constraints set by the agronomic scenario,
and with each other (i.e., making sure that hypotheses at the farm level are consistent with
those at the industry and consumer levels, and vice et versa). Potential transformations are
inferred based on broader socio-political narratives (box 2, Figure 2). They are expressed in
techno-economic terms: variation in the amount of production factors (land, labour, capital)
and changes in their allocation at the level of the production unit (box 3, Figure 2). Such an
approach aims to capture the strategies of actors in the transition and to make an explicit
link between physical flows and economic equilibria at the different stages of food chains.

Finally, using two simulation tools built in the MOFOT framework, namely SP_Calc
and IAA_Calc, the impacts of the techno-economic changes envisioned at farm and industry
levels on employment are assessed (box 4, Figure 2).Attempts were made to assess the
implication for farmers’ incomes but it proved extremely complex.

Figure 2 presents these four dimensions of MOFOT. Strategy changes by value chain
actors follow broader socio-political dynamics (downward arrow from box 2 to box 3)
and have impacts on the issues under consideration (downward arrow from box 3 to
box 4). Feedback loops also exist. For example, public policies can be changed as a result of
strategic repositioning of economic actors.

From an analytical point of view, MOFOT functions as a supply model predicting
changes in agricultural supply under environmental constraints. However, three important
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differences distinguish MOFOT to other “classical” supply models such as MagPIE or
AROPAj [23]:

• MOFOT is an exploration model, not an optimization model based on profit maximi-
sation. It combines quantification and narratives to show how certain impacts are
associated with different strategy changes, thereby elucidating trade-offs and synergies;

• MOFOT aims to understand the structural changes of production tools following the
strategic choices of economic actors. Conversely, the most part of known models
merely modify production functions under the assumption of technology adoption.

• Finally, like other supply-side models, MOFOT also gives particular attention to the
representation of demand.

A key feature of this framework is that it enables to develop contrasted food system
scenarios based on similar agronomic/biophysical scenarios and targets. In other words,
for a given target of emission reduction (in this case, the one provided by the French low
carbon strategy), several transition pathways can be envisioned.

In this paper, two transition pathways for the dairy sector are outlined and their socio-
economic consequences assessed using MOFOT. The storylines underpinning the two
transition pathways are presented in the result section. Before that, precisions are provided
regarding the way in which socio-economic consequences at farm and industry levels
have been assessed. It is important to mention that we restrain the analysis to the French
economic system. This means that the impact of the scenarios in terms of employment are
only estimated for France and do not consider the possible transformations that they may
generate in other countries as a consequence of French food system transformations. At the
EU level, other member states will have to implement (or are already implementing) similar
low carbon strategies in coherence with the FitFor55 package that has just been adopted
in the framework of the Green Deal. Non-EU countries might also be affected if a carbon
boarder adjustment mechanism is adopted and implemented for the agricultural sector.

2.3. From MOFOT to SP_Calc and IAA_Calc: Assessing the Socio-Economic Impacts of Food
System Transformations

To assess the socio-economic impacts of a food system scenario, MOFOT is endowed
with two simulation tools: SP_Calc (at the farm level) and IAA_Calc (at the processing
industry level). These tools apprehend the impacts on employment of a given agronomic
scenario by focusing on the physical labour intensity of the production [24]. Quirion
et al [25] developed an analysis along similar lines based on the Afterres scenario [26]; they
considered however the food industry as a whole and only apprehended the economic
labour intensity of the production (e.g., how many jobs/1000 € spent). At both levels, the
general reasoning is similar and can be approached through Equation (1):

L = LI × Y (1)

where L is the total labour force employed, LI the labour intensity, and Y an indicator of the
total production relevant for the sector considered. Y depends on the agronomic scenario
taken as a starting point, while LI depends on production methods used at the economic
unit level (the farm or the processing industry). These two indicators are determined
following different methods at the farm and the industry level which are described below.
In both cases, it entails a three steps approach:

(1) Characterise the current situation;
(2) Determine the value of the two indicators based on plausible and relevant assump-

tions regarding potential transformations of economic units
(3) Assess the impacts on employment.

This approach enables a clear identification of the farm type and industry sectors that
are the most labour intensive, and which would need to be favoured in a just transition
scenario that aims to address simultaneously environmental and socio-economic questions.
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To develop storylines and infer from these coherent assumptions regarding evolution
of economic units (at the farm and industry levels), the overall approach proposed here
relies on stakeholders workshops. Six such workshops were organised between September
2018 and June 2020 to develop and test potential evolution scenarios at farming system,
industry, and consumer levels. Each workshop gathered between 15 and 25 actors coming
from diverse background: farmer union representatives, technical institutes, industry
representatives, retailers, NGOs (including consumer organizations), administrative bodies,
and scientists. The first workshop (25 September 2018) aimed at presenting the overall
study and approach; the second workshop (22 February 2019) aimed at validating the
baseline; workshops 3 (17 September 2019) and 4 (9 April 2020) were used to test and adjust
different set of assumptions at both farms, processing, and consumption levels. Finally,
workshops 5 (12 June 2020) and 6 (17 July 2020) served to discuss the results, adjust the set
of assumptions, and draw policy implications from the results.

2.3.1. The Farm Level

At the farm level, the characterization of the baseline relies on FADN data, a review of
existing typologies as presented for the dairy and cattle sectors in [27] and expert interviews
to establish a national-scale typology of existing farms. This typology is based on both
agronomic and socio-economic variables, following the logic of farming system analy-
sis [28]. Each farm type is characterised by its endowment in production factors (Usable
Agricultural Area (UAA), fixed assets, labour force—both family and non-family one) as
well as the main characteristics of technical itineraries (in particular feeding strategies for
the dairy herd, crop rotation and share of permanent grassland in the UAA).

The second step consists in exploring potential evolutions of (existing farming systems
and their combination at the sector level, by 2030 in the framework of the SNBC. The
underlying hypothesis is that these evolutions are shaped by two key aspects: the situation
of the farm as of today; and the farmer’s strategy. Following Cerfrance, 2019 [29], two
indicators are considered to apprehend farmers’ strategies: the level of concentration (farm
size) and the specialisation. Based on these two indicators, an evolution matrix combines
four possible development strategies (Figure 3). A third additional indicator is considered
to delineate the key characteristics of 2030 farming systems: the need for certain farms to
adopt the practices identified by the SNBC to reduce emissions (Table 1).
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• First, the set of possible combinations of the four development strategies and the 2015
types is considered.

• Then, the final types are generated by grouping similar types to keep the number of
2030 systems similar to the number of systems present in 2015.

• Finally, the quantitative characteristics of the resulting farms are estimated on the
basis of innovative farms already present in FADN data and adjusted based on experts
interviews and stakeholder workshops.

Through this approach, the labour intensity of the production can be approached for
each type of farming system, expressed in terms of number of jobs per thousand litres of
milk produced.

The third step of the analysis aims to construct populations of 2030 farming systems
that are coherent with (i) the biophysical targets set by the SNBC, (ii) a set of more general
assumptions derived from the broader socio-political storylines (e.g., average size, special-
isation level, demographic framework, regionalisation criteria) and (iii) the plausibility
of transitioning from one farm type to another one. The precise number of each type of
farming system in the 2030 population is calculated by means of a Microsoft Excel solver
that makes it possible to identify the solutions that respects all proposed assumptions.
Once the 2030 farming system population is determined, the resulting number of jobs can
be calculated from the labour intensity of each farming system:

L2030 = ∑
i
(LI–FS2030 i × FS2030 i) (2)

where L: total number of jobs, in annual work unit (AWU). FS2030 i: number of type i 2030
farming systems. LI-FS2030 i: Labour intensity of the type i 2030 farming system.

2.3.2. The Processing Industry Level

Similarly to the farm level, the analysis at the industry level proceeds in three steps:
establishing the baseline, defining scenario assumptions, evaluating the impacts. Two
aspects are specific to the processing industry. First, in a given sector several types of
industry co-exist, each one of these using raw products in a certain way, with a certain
labour (and capital) intensity, to produce intermediary or end-products. Those different
sub-sectors need to be distinguished from each other. In the same way, the physical fluxes
passing from the farm to the different types of industries need to be reconstructed. Second,
and differently to the farm level, national data is only available at the sub-sector level (i.e.,
no publicly available data for a sample of factories, as the FADN data does for farms),
for which aggregated key indicators are given: number of factories per average size, total
number of employees in full time equivalent (FTE), fixed assets, value added generated,
etc. The grain of analysis is thus much rougher at the industry level than at the farm level.

The establishment of the baseline aims at reconstructing the industry structure by
sub-sectors: identifying physical fluxes between the farm level and each sub-sector, and
characterizing the physical labour intensity of each sub-sector, expressed in FTE per ton of
milk. The following equations are used:

Vi 2015 = C2015 × αi 2015 (3)

where V is the volume of milk used to produce the processed product i (milk, cream, butter,
yoghurt, cheese, milk powder), C the milk collection volume and α the coefficient that
determines the share of milk used in each sub-sector. The same is done for the secondary
processing level with the ß coefficient (Figure 4).
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The labour intensity of each sub-sector for the baseline (LIi 2015) is calculated based
on volumes calculated through (3) and the number of employees as given in the public
statistics, following Equation (4):

LIi 2015 = L i 2015/Vi 2015 (4)

The second step consists in deriving quantitative assumptions for αi 2030 (and ßi 2030)
and LIi 2030, given that C2030 is a direct result of the assumptions made at the farm level.
Both αi 2030 and LIi 2030 depend on market dynamics that can only be hypothesised based
on qualitative storylines. How much milk will be transformed into liquid milk vs. cheese
vs. cream, etc., and whether the labour intensity of the production will be lower or higher
in 2030 than in 2015 will indeed depend on what consumers will be willing to buy on the
domestic market and on competitive dynamics.

Based on (3) and (4), the assumptions made regarding αi 2030 and LIi 2030 enable to
calculate the final impact of a given scenario on the employment level at the industry level:

L2030 = ∑
i
(LIi 2030 × Vi 2030) (5)

where Vi 2030 = C2030 × αi 2030

3. Result

In a first paragraph, the storylines of the two scenarios developed are quickly pre-
sented, along with the key techno-economic assumptions. Then, their impacts on employ-
ment are presented in a second paragraph. Both scenarios have the same level of climate
ambition, as set by the French SNBC.

3.1. Two Contrasted Scenarios

Storylines for the two scenarios contrast with respect to two key variables identified
during stakeholder workshops (see Figure 5):

• the type and number of sustainability issues considered: this variable was considered
given the numerous discussions that arose around the priority that should be given to
climate mitigation over any others or not, and in particular the role organic/extensive
forms of agriculture should be given in a decarbonization scenario (following debates
related to land sharing/land sparing—see [30]). The question of farm concentration,
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and whether small farms should be prioritized at all, was also part of that discussion
on which outcomes to consider;

• the magnitude and the field in which policy changes occur: this variable was consid-
ered to account for the political challenges associated to various scenarios.
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While theoretically such an approach would yield four potential scenarios, only two
were retained in the final discussion for mainly two reasons: the two other scenarios were
more difficult to envision (although examples of scenario relying on all types of measure
but focusing only on decarbonization exist, see [31]); and given the timeframe of the project,
it would have been difficult to run simulations for the four contrasted scenarios.

The “socio-territorial recompositions scenario” envisions changes in the policy frame-
work at all levels (supply, demand, and market organization), to tackle in a systemic way
most food system related issues (climate, biodiversity, health), giving full consideration
to the EU “Farm to Fork” [13] and “Biodiversity” strategies. Conversely, the Dual France
scenario focuses mostly on climate mitigation issues and does so by relying mostly on
supply side measures.

More specific assumptions (both qualitative and quantitative) to configure SP_Calc
and IAA_Calc regarding the farm, processing industry and consumer levels, as well as
regarding trade are derived from those broad scenarios.

3.1.1. The Socio-Territorial Recompositions Scenario Assumptions
Farm Level

In this scenario farmers develop strategies aiming to maximize the ecological processes
of the agro-system and to strengthen the economic productivity of their farm mainly
through product differentiation (economies of scope). The average farm size continues
to increase but at a much slower pace than during the 2000–2020 period. The rate of
new entrants in the dairy sector also increases compared to the recent period. Since
these systems are less input intensive, they are more resilient towards input price shocks.
However, because of the large share of grassland, they are vulnerable to potential climatic
stress, especially droughts.

Industry Level

VSEs and SMEs gain market share through effective local marketing techniques,
small-scale innovations and consumer interest in rediscovering local products linked to a
specific terroir. Conversely, large industrial groups remain focused only on standardized
commodities and lose their market share. This translates into a stabilisation of even
an increase of the average labour intensity for most products attracting the interest of
consumers (local specialty, etc.). The exports of raw and unprocessed products are reduced
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in favour of a better market valorisation for the agricultural products which are sold after
a stage of initial or secondary processing made by labour-intensive (and often linked to
their production area) local cheese dairies which become key players in this new territorial
restructuring.

Consumer Level

The assumption is that on average, the consumer willingness to pay for higher quality
food increases. The share of ultra-processed food (group 4 in NOVA classification) [32,33]
in the food basket slow-down and then cease to increase, while locally produced food
increases its market share.

Trade

This scenario relies on two key assumptions: (i) French consumers are ready to
purchase the higher value products resulting from the changes at the farm and processing
industry level, and not replacing it by cheaper imported products; (ii) French economic
actors are able to valorise these same products on the export market in a context where a
significant share of the production will still need to be exported.

3.1.2. The “Dual France” Scenario Assumptions
Farm Level

In this scenario farms’ level of concentration and specialisation continues to in-
crease [34], while environmental imperatives are integrated into farm growth strategies.
This leads to farms becoming larger and larger, more and more specialised, with a de-
creasing trend in the labour intensity of farms. Their high degree of specialisation and
the associated high level of indebtedness makes these farms overall less resilient to price
shocks [35].

Industry Level

Following the trend of the last decades, the processing industries continue to increase
their specialisation and reduce average costs through economies of scale and the dissocia-
tion between primary processing and secondary processing. Secondary processing actors
continue to concentrate and increase the volume of their standardised production. This
evolution leads to two types of consequences in the food sector.

• First, following a logic of price competitiveness, companies increase their physical
productivity (and therefore reduce the labour intensity).

• Secondly, the product mix evolves towards the production of food-ingredients to the
expenses of more labour-intensive and less commodified products.

Consumer Level

Consumer willingness to pay for food continues to decrease. The share of ultra-
processed food in the food basket continues to increase while only the most well-off
consumers can afford (and are interested in) “quality” products.

Trade

The domestic market remains a “captive market” for French economic players in
which they continue to face strong competition from importers [36]. On the export market,
they are able to better valorise French dairy specialties and in particular cheese [36].

3.2. Impacts on Employment

As in all modelling approach of this kind, the results provided in the following sections
should be interpreted as orders of magnitude that evaluate the impact of future transition
scenarios. These are general estimations based on a transparent scientific exercise rather
than an exact prognosis of the future.
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3.2.1. The Farm Level

Our results show that despite the reduction in total production a low-carbon and
agro-ecological transition reduces the rate of farm loss and preserves more jobs than the
current trend. Due to the evolution of the global context, which is more advantageous to
the development of innovative strategies aiming to diversification and for more upmarket
products, the dairy sector preserves about 8000 farms and 5200 jobs compared to the
current trend.

In contrast, in a context where the political support only focuses on the mitigation of
climate change and the labour productivity is strengthened, most farmers’ strategies will
determine a reinforcement of capital/labour substitution and a conspicuous reduction in
the number of jobs with potential risks for farmers’ income level.

Our analysis shows that in the Dual France scenario the number of farms will be
reduced as well as the number of jobs by respectively 7000 and 13,000 units compared to
current trends (Figure 6).
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3.2.2. The Processing Industry Level

The results of the Socio-territorial recompositions scenario show an increase in the
number of jobs in the agri-food industry (+12% compared to 2015, Figure 7). This is mainly
possible through the change in the product mix which offset the decrease in the volume of
milk collected in the Socio-territorial recompositions scenario and through the expansion
of labour-intensive artisanal producers and of secondary and tertiary industrial processing
facilities.

Processing companies develop their strategies towards an increase in cheese produc-
tion (which is highly labour-intensive in comparison to other processed products) mainly
at the expense of butter production.

In contrast with the Socio-territorial recompositions scenario, the Dual France scenario
shows a decline in jobs in the dairy sector (−11%) despite an increase in the volume of milk
going through the agri-food industry. This decline can be explained by two factors. First,
there is an overall decrease of labour intensity (between 5 and 10% compared to 2015) in all
subsectors compared to 2015 related to the intensification of production and to adoption of
economies of scale.

Second, processors decide to produce relatively more butter and less cheese, the latter
being more linked to production in VSEs and SMEs and having a much higher labour
intensity.
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3.3. Sensitivity Analysis

Table 2 presents a sensitivity analysis for the results of Dual France and Socio-territorial
recompositions scenarios on employment in the dairy sector with respect to the French
Ministry of Agriculture’s business as usual scenario developed during the preparation
of the SNBC and two sets of extreme alternative hypotheses: “Employment +” and the
“Danish Model”:

• Employment + gives great importance to the position of civil society actors [37] in
favour of a significant increase in the rate of new farm establishments and a decelera-
tion in farm concentration. In this scenario, small farms (farms having less than 51
dairy cows) account for 75% of the herd.

• In contrast, the Danish Model generalises the average Danish system to the whole
French dairy herd. In this case, the average Danish farm—173 dairy cows for three
AWU and a production of 1.6 million litres of milk—is extrapolated to the total French
herd envisaged by the SNBC-A in 2030.

Table 2. Hypothesis for 2015 and the 2030 scenarios regarding the volume of milk collected, α and ß parameters.

2015 Socio-Territorial Recompositions Dual France

Milk collection volume (1000 t) 24,600 23,500 26,000

α

2015 Socio-Territorial Recompositions Dual France

Milk 5% 5% 5%

Cream 14% 14% 11%

Butter 35% 30% 40%

Yoghurt 8% 8% 7%

Cheese 35% 40% 30%

Milk powder 3% 3% 7%

ß

Cream 83%

Butter 95%

Cheese 80%
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Additional assumptions on the agri-food component have been made to assess the
total employment impact of these two alternative scenarios. In particular, the average
employment intensity of the dairy industry decreases by 19% in the “Danish Model” due
to the economies of scale envisaged, while it increases by 25% in Employment+ to account
for the development of on-farm processing.

In the alternative Employment+ scenario, the double objective of preserving the
agricultural employment and reducing the emissions of the dairy sector, is based on the
great spread of very small farms (30 dairy cows or fewer) which would reach 40% of farms
and 27% of the herd by 2030. In such a context, since the average productivity per dairy cow
of these small farms has a much lower potential for growth than large, highly automated
systems, milk production decreases (18% less than the Socio-territorial recompositions
scenario, or 25% less compared to 2015). Finally, to ensure sufficient value added, and
to remunerate a stable workforce despite the drop in volumes, this scenario requires that
around 24% of the milk produced should be processed directly on the farm (compared
to the current 2%). Since the milk processed in the farm no longer transits through the
industrial sector, this evolution has a huge impact on employment at the processing level.
When we look at global results considering the whole agricultural sector, Employment+ is
the scenario that generates the most jobs without however preserving the 2015 employment
level (−4%).

On the contrary, the alternative “Danish Model” scenario focuses on an extreme logic
based on concentration, intensification, and specialisation. The results show that at the
agricultural level the loss of farms and jobs is extremely high (−71% agricultural jobs than
in 2015, −35% agricultural jobs than the Dual France scenario).

On the other hand, in the processing sector, this scenario maintains the same number
of jobs as in 2015. This is explained by the higher performance of “Danish like” farms which
increase the volumes of milk collected and more than offset the reduction in employment
intensities associated with economies of scale. In total, if we look at the whole sector, this
scenario generates the greatest loss of jobs compared to 2015. It should also be mentioned
that despite the great climate performances realised through the efficiency gains allowed
by the increase in the average size of farms, the impacts of this scenario in terms of food
consumption and biodiversity should certainly need to be inspected close, as well as its
investment needs.

4. Discussion
4.1. Beyond Jobs: The Multiple Assets of a Just Transition

By applying our methodological framework to the dairy sector, we show that struc-
tural changes in the supply (farm and processing industry levels) lead to moderate decrease
in labour intensities that would be sufficient to offset the reduction in volumes of milk
production hypothesized by the SNBC projections compared to the reference scenario
(see Table 3). Yet, the starting point of the study could be questioned: why should jobs
in the dairy sector be maintained? Wouldn’t it be more relevant to identify job creation
opportunities in emerging sectors, within or outside the agricultural sector? Schumpeterian
reasoning affirms that the destruction of jobs in a sector is the logical result of the evolution
of the economic system, and that new jobs will be created in emerging and innovative
sectors [38]. In such a perspective, it does not matter whether jobs are created within the
agri-food sector, in other sub-sectors than the one here considered (e.g., in horticulture,
bioenergy, or vegetal protein production), or in totally different sectors (e.g., in the tertiary
sector). To that objection, we consider that the evolution in labour intensities at farm and
industry levels projected in the Recomposition scenario could not only maintain jobs in
rural communities, but also contribute to generate benefits for biodiversity and health.
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Table 3. Sensitivity of the model to alternative assumptions in terms of employment (Source: RICA & RGA (data 2015) and authors from IAA_Calc and SP_Calc for the scenarios).

Average Number
of DC/Farm

Average
Productivity/DC

Milk Production
(bn L) Number of Farms

Number of
Agricultural Jobs

(AWU)

Number of
Agri-Food Jobs

(FTE)
Total Jobs Overall Labour

Intensity

2015 60 7014 25.6 66,000 136,000 53,875 189,875 7.4
Dual France 2030 115 7938 25.4 28,500 86,000 47,885 133,885 5.3
Socio-territorial

recompositions 2030 75 7313 23.4 43,000 104,000 60,223 164,223 7.0

Current trend 2030 100 8594 27.5 35,000 98,000 57,215 155,215 5.6
Employment + 2030 45 5969 19.1 70,000 140,000 42,820 182,820 9.6

Danish Model 173 9500 30.4 18,500 53,000 53,950 106,950 3.5
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Regarding biodiversity, serious evidence points to the fact that small and labour-
intensive farms in the EU better performs in terms of biodiversity preservation [39,40]
thanks to the greater level of landscape heterogeneity and complexity they favour [41–43].
Stabilising farm sizes while increasing the level of diversification at both farms and land-
scapes levels, as modelled for the Socio-territorial recomposition scenario, would thus not
only stabilise labour intensities at the farm level but also deliver on biodiversity.

Regarding health, labour intensity in the processing industry reflects its overall or-
ganisation and, as such, what type of foods it produces. Over the last decades, the ra-
tionalisation of production processes and the willingness to reduce production costs—
hence labour intensity—has led to the dominance of a “twin movement” of conver-
sion/recomposition [44]–through which raw materials are first transformed into stable
and homogeneous ingredients and then re-assembled to make finished—and often ultra-
processed—products [45]. As the share of ultra-processed foods increased in western diets,
so did the prevalence of obesity and associated non-communicable diseases [46], with
clear correlation within social groups between high level of consumption and high rates
of prevalence [32,33]. Against this backdrop, the slight increase in labour intensity in
the Recomposition scenario aims at reflecting a development in small to medium scale
factories that have control over the whole process of production, from raw material to
end-product. Such factories limit the conversion/recomposition process, and their develop-
ment contribute to gradually reduce the relative share of ultra-processed foods put on the
market. As for biodiversity, the Socio-territorial recomposition scenario offers potential to
contribute to better health outcomes by reducing the relative importance of ultra-processed
foods. However, the question that remains unanswered and which our modelling does
not address directly regards the conditions under which the economic viability of such a
scenario could be ensured.

4.2. Policy and Market Challenges to Ensure the Economic Viability of the Recomposition Scenario

In particular, one of the main questions that this paper raises is about market balance
and competitiveness dynamics. A key point in the planning of future scenarios is to analyse
if national and international consumers will continue to buy domestic milk and dairy
products while they have the possibility to buy cheaper ones produced by neighbouring
countries. The answer to this question will probably depend on the public support of
domestic demand and the Common market organisation. Dealing with both aspects goes
beyond the scope of this paper. What could nevertheless be said is that:

Measures to increase the uptake of more virtuous products on the domestic market
exist and are for example: food labelling, public procurement policies, targeted communi-
cation towards consumer. However, these measures are not deployed at a full scale now.

Regarding international competition, in a context where over 40% of the milk pro-
duced in France is exported, the key issue is to ensure that operators belonging from
different countries pursue similar objectives while they search for price and non-price
competitiveness.

While most EU countries share the ambition to decarbonise the food sector, they
remain with great discrepancies regarding the means to adopt to achieve this target and
which other objectives prioritise. For example, if we consider the Danish Agriculture and
Food Council’s action plan to decarbonise the Danish dairy sector by 2040, we can see how
this strategy follows different logics with respect to the Socio-territorial recompositions
scenario. Based on land sparing approach [47], it relies on a high intensification of milk
production (with cows averaging 14,000 L/year) to reduce the carbon footprint per ton and
a major reduction of farm employment, while the issue of biodiversity preservation is not
at the centre of the strategy. If deployed in its current form, the Danish Agriculture and
Food Council’s action plan will probably increase the price competitiveness differential
between Denmark and France [36] (the capital intensity of Danish farms and the very
high labour productivity associated with it is more than double than the one observed in
Brittany: 513,000 L/AWU in Denmark compared to 206,000 L/AWU in Brittany and Pays



Agriculture 2021, 11, 1119 16 of 19

de Loire [36]). If the risk of import substitution can be considered as low given the captive
nature of French dairy market, the possibility that France will lose part of its market share
on exports seems very high. This holds true especially if traders’ requirements to export
agri-food products remain based on standardised and undifferentiated commodities.

In a context of “common market”, EU countries should harmonise their vision of what
constitutes a sustainable food system to limit internal competition and favour the sort of
just transition outlined in the Socio-territorial recompositions scenario.

4.3. An Innovative Modelling Approach Which Needs Further Development

At our knowledge, the modelling work presented in this paper is an original attempt
to provide a detailed analysis of the socioeconomic effects of systemic transformations in
the food system. It brings three major methodological innovations.

Firstly, it provides an analysis based on structural transformations of the production
tools in coherence with the objective of maintaining the food system within planetary
boundaries, while almost all existing modelling tools are based on the analysis of a marginal
change to be applied on constant systems.

Secondly, it considers simultaneously supply and demand. As other similar foresight
exercises, this modelling approach makes important assumptions about consumption
practices and food regimes to keep the Earth system within the planetary boundaries [48].

Finally, coupling physical balances and socio-economic dynamics, the proposed
methodology apprehends the production functions from a strictly physical point of view
and answers the question of how many jobs can be generated for a specific amount of
production, depending on different production methods. While the objective of such
reasoning is not to go back to a system of planned economy, it prevents the dissociation of
the physical imperatives linked to the planetary boundaries from socio-economic issues.

We place the proposed modelling work at the centre of the debate between two types of
foresight exercises: backcasting approaches having medium to long term time frame which
allow the identification of the outlines of a sustainable food system independently of its
recent development, but as drawback, give little space for actors on the ground to imagine
themselves into the transformations at stake; and short to medium-term foresights, which
describe a 5–10-year transition pathways in a more precise manner. They are generally
more connected to the actors in the real economy, but since they are strongly associated to
current dynamics, they struggle to be ambitious.

Even though the first approach has made it possible to clearly identify the challenges
of the transition, its appropriation by a large share of actors in the agri-food sector has so
far proved to be much more challenging.

The hope of this paper is that its short and medium-term time frame can be a major
lever for bringing ground actors on board for a constructive discussion regarding possible
solutions to be adopted for the agri-food system. However, major efforts are still needed to
progress in structuring discussions with stakeholders on five aspects:

• The modelling work should consider all key agricultural sector (and not just the dairy
sector), and in particular the meat production and horticulture sectors which are
highly labour intensive.

• The analysis of the impact of the scenarios on farm income and on the amount of
investments at stake for the transition still needs to be implemented in the mod-
elling tool.

• At the processing level, the diversity of possible strategies and their impact on pro-
duction costs and on consumer prices are not yet taken into fully account since a
disaggregation work remains necessary to differentiate processing industries accord-
ing to their size.

• The inclusion of the retail sector in the quantitative analysis is also necessary to fully
grasp the issues of value distribution in all the value chain.

• Finally, a more detailed analysis shedding light on the sequence of policy changes
(which policy needs to change first and why) and the politics of policy changes (who
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should act with whom for policy A or B to change given the current state of affairs)
will be of utmost importance (following for example [49]).

These five points do not undermine the major areas of change identified in the previous
paragraph, which must be considered in the major political projects underway concerning
food systems.
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40. Šálek, M.; Hula, V.; Kipson, M.; Daňková, R.; Niedobová, J.; Gamero, A. Bringing diversity back to agriculture: Smaller fields and
non-crop elements enhance biodiversity in intensively managed arable farmlands. Ecol. Indic. 2018, 90, 65–73. [CrossRef]

http://doi.org/10.1016/j.landusepol.2018.09.028
http://doi.org/10.1126/science.aba7357
http://doi.org/10.1098/rsif.2015.0891
http://doi.org/10.1016/j.ecolecon.2020.106787
http://doi.org/10.1016/j.esr.2021.100683
http://doi.org/10.1016/j.envsci.2017.08.003
http://doi.org/10.1111/j.1574-0862.2011.00538.x
http://doi.org/10.1016/j.eist.2011.04.005
http://doi.org/10.1016/j.geoforum.2011.04.002
http://doi.org/10.3390/su10061760
http://doi.org/10.1001/jamainternmed.2018.7289
http://www.ncbi.nlm.nih.gov/pubmed/30742202
http://doi.org/10.1007/s13280-019-01177-y
http://www.ncbi.nlm.nih.gov/pubmed/31055793
http://doi.org/10.1525/bio.2011.61.3.4
http://doi.org/10.4000/economierurale.5624
http://doi.org/10.2307/2297900
http://doi.org/10.1098/rspb.2017.2242
http://doi.org/10.1016/j.ecolind.2018.03.001


Agriculture 2021, 11, 1119 19 of 19

41. Benton, T.G.; Vickery, J.A.; Wilson, J.D. Farmland biodiversity: Is habitat heterogeneity the key? Trends Ecol. Evol. 2003, 18,
182–188. [CrossRef]

42. Fahrig, L.; Baudry, J.; Brotons, L.; Burel, F.G.; Crist, T.O.; Fuller, R.J.; Sirami, C.; Siriwardena, G.M.; Martin, J.L. Functional
landscape heterogeneity and animal biodiversity in agricultural landscapes. Ecol. Lett. 2011, 14, 101–112. [CrossRef]

43. Dainese, M.; Martin, E.A.; Aizen, M.A.; Albrecht, M.; Bartomeus, I.; Bommarco, R.; Carvalheiro, L.G.; Chaplin-Kramer, R.; Gagic,
V.; Garibaldi, L.A.; et al. A global synthesis reveals biodiversity-mediated benefits for crop production. Sci. Adv. 2019, 5, 13.
[CrossRef]

44. Soler, L.-G.; Réquillart, V.; Trystram, G. Organisation industrielle et durabilité. In duALIne. Durabilité de L’alimentation Face à de
Nouveaux Enjeux. Questions à la Recherche; Esnouf, C., Russel, M., Bricas, N., Eds.; INRA-Cirad: Paris, France, 2011; pp. 85–95.

45. Baker, P.; Machado, P.; Santos, T.; Sievert, K.; Backholer, K.; Hadjikakou, M.; Russell, C.; Huse, O.; Bell, C.; Scrinis, G.; et al.
Ultra-processed foods and the nutrition transition: Global, regional and national trends, food systems transformations and
political economy drivers. Obes. Rev. 2020, 21, e13126. [CrossRef] [PubMed]

46. Monteiro, C.A.; Moubarac, J.-C.; Levy, R.B.; Canella, D.S.; da Costa Louzada, M.L.; Cannon, G. Household availability of
ultra-processed foods and obesity in nineteen European countries. Public Health Nutr. 2011, 21, 18–26. [CrossRef] [PubMed]

47. Danish Agriculture & Food Council. Neutralité Climatique en 2050; Danish Agriculture & Food Council: Brussels, Belgium, 2019;
p. 25.

48. Saujot, M.; Le Gallic, T.; Waisman, H. Lifestyle changes in mitigation pathways: Policy and scientific insights. Environ. Res. Lett.
2020, 16, 015005. [CrossRef]

49. Markard, J.; Suter, M.; Ingold, K. Socio-technical transitions and policy change—Advocacy coalitions in Swiss energy policy.
Environ. Innov. Soc. Transit. 2016, 18, 215–237. [CrossRef]

http://doi.org/10.1016/S0169-5347(03)00011-9
http://doi.org/10.1111/j.1461-0248.2010.01559.x
http://doi.org/10.1126/sciadv.aax0121
http://doi.org/10.1111/obr.13126
http://www.ncbi.nlm.nih.gov/pubmed/32761763
http://doi.org/10.1017/S1368980017001379
http://www.ncbi.nlm.nih.gov/pubmed/28714422
http://doi.org/10.1088/1748-9326/abd0a9
http://doi.org/10.1016/j.eist.2015.05.003

	Introduction 
	Materials and Methods 
	Case Study: Analyzing the Conditions of a Just Low Carbon Transition for the French Dairy Sector 
	Conceptual Framework: MOFOT, a MOdel of FOod Systems TRANSITION 
	From MOFOT to SP_Calc and IAA_Calc: Assessing the Socio-Economic Impacts of Food System Transformations 
	The Farm Level 
	The Processing Industry Level 


	Result 
	Two Contrasted Scenarios 
	The Socio-Territorial Recompositions Scenario Assumptions 
	The “Dual France” Scenario Assumptions 

	Impacts on Employment 
	The Farm Level 
	The Processing Industry Level 

	Sensitivity Analysis 

	Discussion 
	Beyond Jobs: The Multiple Assets of a Just Transition 
	Policy and Market Challenges to Ensure the Economic Viability of the Recomposition Scenario 
	An Innovative Modelling Approach Which Needs Further Development 

	References

