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Résumé : L'objectif de cette thése de doctorat est
d'étudier I'effet de différents aspects du changement
climatique (atténuation, impacts, adaptation) sur les
inégalités de revenu des agriculteurs.

Le premier chapitre explore les effets distributifs de
diverses  politiques climatiques. Aprés avoir
analytiguement examiné la question, nous montrons
qu'une taxe sur les émissions accroit les inégalités de
revenu parmi les agriculteurs, mais qu'une remise
peut rendre la politique progressive.

Dans le deuxieme chapitre, nous évaluons |'effet
distributif des températures extrémes sur le revenu
des céréaliers francais. Nos résultats suggerent que
les extrémes froids augmentent les inégalités de
revenu, tandis que les extrémes chauds les
diminuent.

Le troisieme chapitre s'intéresse a I'adaptation au
changement climatique. Nous constatons que le
changement climatique peut conduire a une
situation pire que la situation actuelle a court
terme, mais a une meilleure situation a long terme.

Title : On the economics of climate change: The distribution and redistribution of farmers’' income

Keywords : Climate change, climate policies, impacts, adaptation, income inequality, European agriculture

Abstract : The broad objective of this PhD thesis is to
investigate the effect of different aspects of climate
change (i.e. mitigation, impacts, adaptation) on
farmers’ income inequality.

The first chapter explores the distributional
consequences of various climate policies with an
application to the European agricultural sector. After
examining the question from an analytical approach,
we find that an emission tax increases income
inequality among farmers, but a well-chosen rebate
of the collected tax turns the policy progressive.

In the second chapter, we econometrically assess
the distributional effect of extreme temperatures
on French crop producers’ income. Our results
suggest that cold extremes may increase income
inequality, while hot extremes may decrease
inequality.

The third chapter is interested in adaptation to
climate change. We find that climate change may
lead to a worse situation than the present one in
the short-term horizon but to a better situation in
the long-term horizon.
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Résumé

L’objectif général de cette these est d’étudier les conséquences distributives de différents
aspects du changement climatique dans le secteur agricole. Nous examinons succes-
sivement l'effet (i) des politiques d’atténuation des émissions de gaz a effet de serre
(GES), (ii) des impacts du changement climatique, et (iii) de I'adaptation au change-

ment climatique sur la distribution du revenu des agriculteurs.

Le premier chapitre étudie les conséquences distributives de diverses politiques
climatiques dans le secteur agricole européen. Les impacts d'une politique sur les
inégalités dépendent de la distribution des émissions initiales et des cofits de réduction
entre les agents, ainsi que de la conception de la politique. Nous développons un
modele analytique pour déméler ces effets. Nous proposons des conditions pour qu’un
systeme de taxe sur les émissions avec remise réduise les inégalités, et nous exam-
inons comment ces conditions varient en fonction du niveau de la taxe. Nous ex-
aminons également différentes remises (seuil absolu d’émission constant, seuil relatif
de réduction d’émission constant) avec des implications différentes pour le budget
du régulateur. Ce cadre est ensuite appliqué au cas des émissions de gaz a effet de
serre (GES) de l'agriculture européenne. Les résultats indiquent qu’une taxe sur les
émissions sans remise permet une réduction substantielle des émissions du secteur mais
augmente les inégalités de revenu. Une remise basée sur un seuil d’émission bien choisi
peut réduire les inégalités de revenu tout en maintenant la politique environnemen-
tale cott-efficace. Nous quantifions également la contribution de la région et du type

d’agriculture aux inégalités de revenu.

Le deuxieme chapitre se concentre sur les impacts des températures extrémes.
Le changement climatique devrait modifier la fréquence d’occurrence des événements
de température extréme. A l'aide de données francaises sur la période 2002-2017,
nous évaluons économétriquement 'effet marginal des températures extrémes sur le
revenu des producteurs céréaliers francais. Les résultats indiquent que les températures
extrémes, qu’elles soient chaudes ou froides, pendant la saison de croissance peuvent
réduire de maniere significative le revenu moyen des agriculteurs. L’analyse des effets

distributifs suggere des effets opposés des extrémes froids et chauds. Alors que les



extrémes froids affectent plus fortement les agriculteurs pauvres, les extrémes chauds
sont plus dommageables pour les riches. Nous discutons de deux explications possibles
de cet effet distributif opposé. Il pourrait y avoir un effet de culture ; la proportion de
mais diminue avec le revenu, tandis que celle de colza augmente. Il pourrait aussi y
avoir un effet de localisation ; la probabilité d’étre situé dans le Nord augmente avec
le revenu.

Le troisieme chapitre s’intéresse a l'adaptation au changement climatique. Les
agriculteurs confrontés a un changement durable des conditions climatiques peuvent
s’adapter de maniere autonome par la marge intensive, la marge extensive ou par
I’adoption de nouvelles pratiques. En s’appuyant sur un couplage entre un modele
micro-économique de l'agriculture européenne (AROPAj) et un modele de culture
(STICS), ce chapitre étudie les impacts distributifs potentiels de l’adaptation au-
tonome des exploitations au changement climatique au sein de 1’Union européenne
(UE). Nous modélisons deux niveaux d’adaptation autonome pour les agriculteurs, et
deux horizons temporels. Toutes choses égales par ailleurs, les résultats indiquent que
le changement climatique peut conduire a une situation pire que la situation actuelle,
en termes de bien-étre social, a court terme, mais a une meilleure situation a long
terme en raison (i) d’une part de revenu stable pour les bas revenus et (ii) d’une aug-
mentation du revenu total. En décomposant les inégalités de revenu des agriculteurs,
nous montrons que ces dernieres s’expliquent largement par la région des agriculteurs

et le type d’agriculture.



Summanry

The broad objective of this PhD thesis is to investigate the distributional consequences
of different aspects of climate change within the agricultural sector. We successively
examine the effect of (i) greenhouse gas (GHG) emissions mitigation policies, (ii)
climate change impacts, and (iii) adaptation to climate change on the distribution of

farmers’ income.

The first chapter investigates the distributional consequences of various emission
tax-and-rebate schemes, with an application to GHG emissions from the European
agricultural sector. The impacts on income distribution depend on the distribution
of initial emissions and abatement costs among agents, as well as on the design of
the rebate. We develop an analytical model to disentangle these effects. We pro-
pose conditions for an emission tax-and-rebate scheme to be inequality-reducing, and
examine how these conditions vary with respect to the level of the tax. We also ex-
amine various possible rebate designs (constant absolute emission threshold, constant
relative abatement threshold) with contrasted implications for the regulator’s budget.
This framework is then applied to the regulation of GHG emission from European
agriculture. The findings indicate that an emission tax with no rebate tends to in-
crease income inequality within the sector. A rebate based on a well-chosen emission
threshold may reduce income inequality while preserving the cost-effectiveness of the
environmental policy. In an annex, we decompose income inequality and quantify
the marginal contribution of two main farms’ characteristics, i.e., region and type of

farming to overall income inequality.

The second chapter focuses on extreme temperatures impacts. Climate change is
expected to change the frequency of occurrence of extreme temperature events. Based
on pooled cross sectioned data from France over the period 2002-2017, we economet-
rically assess the marginal effect of extreme temperatures on French crop producers’
income. Findings indicate that both hot and cold extreme temperatures during the
growing season may significantly reduce on average farmers’ income. Leveraging on a
quantile regression approach, we estimate the distributional effects of extreme weather

events on farmers’ income. Our results suggest opposite effects of cold and hot ex-



tremes. While cold extremes may more strongly affect poor farmers, hot extremes may
be more damaging for farmers in the top of the distribution of income. We discuss
two potential explanations for this opposite effect. First, there could be a crop effect;
the proportion of corn in the crop mix decreases with income while the proportion of
rapeseed increases. Second, there could be a location effect; the probability of being
located in the North increases with income.

The third chapter is interested in adaptation to climate change. Farmers facing
a durable change in climate conditions may autonomously adapt through the intensive
margin, the extensive margin, or through the adoption of new practices. Relying on a
soft-coupling between a micro-economic model of European agriculture (AROPAj) and
a crop model (STICS), this chapter investigates the potential distributional impacts of
farm-level autonomous adaptation to climate change within European Union (EU). We
implement two levels of autonomous adaptation for farmers, and two time horizons.
Findings indicate that, ceteris paribus, climate change may lead to a worse situation
than the present one, in terms of social welfare, in the short-term horizon but to a
better situation in the long-term horizon due to (i) a stable income share for bottom
quantiles and (ii) an increase in total income. Decomposing farmers’ income inequality,
we show that income inequality is largely explained by farmers region and type of
farming. We explore how adaptation to climate change affect the marginal contribution

of these two individual characteristics to overall income inequality.
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Chapter 1

General Introduction

Climate change is arguably one of the most important challenge humanity has to
overcome in the 21%¢ century. The accumulation in the atmosphere of greenhouse gases
(GHG) such as carbon dioxide or methane due to anthropogenic activity, is altering
Earth climate. Around the world, average temperatures are increasing, the level and
intensity of precipitations are changing, and the occurrence of extreme weather events
is more and more frequent (IPCC, 2022). Climate change, by impacting both natural
ecosystems and human societies, will potentially have strong implications in the long-

rumn.

In the face of climate change, agriculture occupies a special place. First, agri-
culture is a significant contributor to greenhouse gas emissions. Agriculture, forestry
and other land use contribute to 23% of global anthropogenic emissions (IPCC, 2019),
10% of European emissions (European Environment Agency, 2020), and 18% of French
emissions (Citepa, 2021). Second, agriculture substantially hinges on climate. Temper-
atures, precipitations, extreme weather events are all influencing agricultural outcomes.
Important economic damage from climate change expected in agriculture, where for
instance water availability is projected to be reduced, are likely to encourage ambitious

adaptation strategies in the sector (IPCC, 2022).

This introductory chapter aims at providing an overview of the economics of
climate change, and its potential links to social justice. A particular attention is paid

to agriculture.
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1 The Economics of Climate Change

This section gives a broad overview of the economics of climate change. First, we
introduce the economics of mitigating greenhouse gas emissions. Second, we tackle
the issue of impacts of climate change on the economy. Third, we detail the potential
adaptation to climate change. In each part, we discuss some distributional issues and

provide a focus on the agricultural sector.

1.1 Greenhouse gas emissions mitigation

Greenhouse gas emissions are a typical example of an economic externality (Pigou,
1920). Agents, by emitting greenhouse gas, are deteriorating the welfare of other
agents. This net welfare loss is the consequence of a market failure, where the resource
allocation is not Pareto optimal. A central question in environmental economics is
how to internalize this externality (and so, how to overcome the market failure) in a
cost-effective way. Among the policy instruments available to tackle this issue, market-
based instruments are in general favored by economists. By pricing the pollution, they
incentivize agents to adopt a more desirable behavior.

A vast literature in economic theory emphasizes the cost-effectiveness of carbon
taxes (Pearce, 1991; Stiglitz, 2019). In a stylized framework, where carbon emissions
are perfectly observable, the regulator is able to directly put a price on it. The optimal
situation can be reached when the tax is Pigovian (i.e., the price level is set to the social
cost of carbon), so that the externality is internalized. Despite a large consensus among
economists on the importance of pricing emissions for a cost-effective mitigation, the
majority of emissions remain untaxed (World Bank, 2020). Among OECD countries,
approximately 60% of emissions are currently not subject to any carbon price (OCDE;,
2021).

Several reasons may contribute to explain this lack of emission taxes around
the world. For instance, there is a time dissociation between costs and benefits of
these policies due to the inertia of the climate system (Tebaldi and Friedlingstein,
2013). The burden of reducing GHG emissions rests on the generation that implements

such policies, but the benefits in terms of climate preservation will be enjoyed by
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future generations. Hence, most people will not see neither the benefit of an effort
of mitigating emissions nor the dramatic consequences of a continuous increase in
GHG emissions. Another reason may be the negative distributional consequences of
such policies within a given generation. For instance, this may occur when low-income
agents spend a larger share of their income in carbon intensive goods than high-income
agents. Consequently, the tax burdens more low-income than high-income individuals
and increases income inequality. In developed countries, carbon taxes in the energy
consumption sector are generally found to be regressive (see e.g. Ohlendorf et al. (2020)
for a review). Some examples include Araar et al. (2011) studying the incidence on
households of pollution control policies and identifying inequality-increasing effects of
payroll tax, or Bento et al. (2009) indicating that an increase in US gasoline taxes is
likely to be regressive. Thus, the absence of perceptibility of future climate damages,
or the potential regressive impact of GHG emission taxes can contribute to the lack of
political acceptability of such policies (Tiezzi, 2005), and finally compromising their
implementation (Parry, 2015).

Agriculture does not constitute an exception to the rule. Despite the fact that
similar marginal abatement costs to the industry, or the energy consumption sector
have been identified in the agricultural sector (Vermont and De Cara, 2010; Pellerin
et al., 2017), it is still to a large extent excluded from the scope of climate policies. The
causes mentioned above for the energy sector also operate in agriculture. In addition

one may add other reasons, specific to the agricultural sector.

The vast majority of agricultural GHG emissions comes from two non-COs
gas (more than 85% of net European agricultural emissions according to Grosjean
et al. (2016)): methane (CH4) and nitrous oxide (N3O). These two gases are char-
acterized by particularly high global warming potentials (i.e. 27 to 30 COs, and
273 COq, for respectively CHy and NyO over a 100-year period). In Europe CHy
emanates from livestock (mainly due to ruminants enteric fermentation and manure
management) and NoO from fertilizer applications to soils. Grosjean et al. (2016) re-
port that, for year 2012, 44% (respectively 42%) of EU agricultural emissions originate
from enteric fermentation (respectively manure management). The sector also has the

singular capacity of storing carbon in soils and biomass through notably the adoption
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of practices relative to soil tillage, cover crops, temporary or permanent pastures and
grassland, hedges, agro-forestry (Pellerin et al., 2017). Hence, the important diversity
of (positive and negative) emission sources makes it difficult to price agricultural GHG
emissions. Exploring the costs of various policies targeting agricultural GHG emissions
in California, Garnache et al. (2017) show that implementing second-best policies may
be less costly than implementing first-best policies to mitigate emissions originating
from an important number of diversified sources.

Another complication lies in the measurement of emissions. GHG emissions from
the agricultural sector are not easily measurable as they depend on local factors. N,O
emissions from mineral fertilizers strongly depend on the type of soil where fertilizers
are applied on. CH, emissions from enteric fermentation significantly vary according
to animal feeding (Vermont and De Cara, 2010). Emissions are de facto not easily
traceable as in the case of fossil fuel combustion, and may require monitoring, report-
ing, and verification (MRV) procedures. On this topic, De Cara et al. (2018) provide
a thorough investigation on the optimal coverage of an agricultural GHG emission tax
in the presence of MRV costs.

All of these barriers to the establishment of serious climate policies prevent hu-
man societies to curb GHG emissions growth and make the earliest climate change

damages already visible.

1.2 Climate change impacts

Since the seminal articles from Nordhaus (1977, 1982, 1991), the economic literature
has covered an important number of studies trying to quantify climate change impacts
on the economy. The large majority of integrated assessment models (IAMs) estimat-
ing climate change impacts on total welfare reports negative impacts. According to
Tol (2018), they roughly evaluate that a 2.5°C increase in global average temperature
may lead to a 1.3% decrease in total welfare. However, these works are sometimes
under criticism for their lack of accuracy (Heal, 2017; Pindyck, 2017).

Another approach, based on historical observations, consists in regressing a set
of variables including climate variables, on economic output. As an example, Dell

et al. (2012) using country-aggregated data for the period 1950-2003, find for poorer
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countries that a 1°C increase in average temperature may reduce economic growth
by 1.3%. Econometric methods are also not exempted from objections, particularly
cross-section analysis from which it can be difficult to isolate a direct effect of climate

or weather (Dell et al., 2014).

As climate change impacts is more pronounced on specific regions or economic
sectors, one may prefer delimited rather than aggregate analysis. The hypothesis that
weather may impact health and mortality has received particular attention in recent
years. Authors generally highlight the harmful effects of an increase in exposure to
extreme temperatures. In the United States (US), Deschénes and Greenstone (2011)
find that each extra day above 32°C may increase mortality by 0.11% with respect
to an average 10-15°C day. Note that they also find that mortality is also increased
by extreme cold. Barreca (2012) similarly identifies that three additional days above
90°F increases deaths by 0.54 per 100,000 inhabitants. In developing countries, the
impact of growing temperatures could be even more substantial, as revealed by Burgess
et al. (2011) for India. A growing body of evidence suggests that climate variables
may have important consequences on conflict and political stability. The three main
mechanisms at stake are that weather events may negatively affect economic output
and in turn (i) reduce the opportunity cost of protesting against the government, (ii)
decrease government revenues and the ability to maintain order and, (iii) provoke riots
through an increase in food prices. For instance, Couttenier and Soubeyran (2013)
document a positive link between drought and civil war in sub-Saharan Africa over

the period 1957-2005.

The corpus of literature assessing weather and climate effect also adresses other
economic sectors. The reader may refer to Connolly (2008); Zivin and Neidell (2014)
for weather influence on labor productivity, to Jacob et al. (2007) for weather impact

on crime, or to Jones and Olken (2010) for weather shocks on trade.

Most of works assessing differentiated effects of climate change pay a particular
attention to between-countries (or between-regions) studies. Poor countries or regions
seem to be more vulnerable than rich ones. As stated by Tol (2018), this may be
explained first, by the fact that poorer regions are often hotter ones, where a marginal

increase in temperature could be more detrimental. Second, poor countries generally
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bear an important share of their economic production to weather-exposed sectors (e.g.

agriculture) whereas rich countries are essentially relying on industries and services.

Agriculture is probably the most scrutinized sector by the climate impacts liter-
ature. Due to its natural link to weather conditions (temperature or precipitations are

inputs for crop production) agriculture is particularly threatened by climate change.

The first works that have attempted to quantify the impacts of climate on agri-
culture have relied on a production function approach, linking explicitly agricultural
output and climate variables. Then the relation is used to assess the effect of a change
in climate (Adams et al., 1998). The method has been criticized for under-estimating
farmers’ adaptive capacities. For instance, these studies rarely allow the adoption of

new crops which may be better adapted to a different climate.

The Ricardian approach initiated by Mendelsohn et al. (1994) explicitly takes
into account adaptation through changes in area allocation to different crops. The
extensively used method (approximately fifty studies reviewed by Mendelsohn and
Massetti (2017)) mostly estimates beneficial effects for cold places, neutral effects for
warmer places, and detrimental effects for hot places of climate change (Van Passel
et al.; 2016). Results are globally consistent with the production function approach,
but of lower magnitude (certainly due to a better inclusion of adaptation). Several
authors express doubts about the reliability of the estimates provided by Ricardian
analysis because of omitted variables. For example, Schlenker et al. (2006) reproaches

the difficulty of accounting for irrigation.

Deschénes and Greenstone (2007) suggest to use panel data with individual fixed
effects and year-to-year weather fluctuations to sharpen the estimation of potential
climate impacts on agriculture. Authors estimate that climate change will increase
annual profits by 4%. These panel and Ricardian approaches, even if they fully include

adaptation, do not allow to isolate it.

Hence, it appears crucial to have a better understanding of climate change adap-

tation to put in place the right public policies.
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1.3 Adaptation to climate change

A change in climate implies that agents have to modify their decisions. How individ-
uals adapt by changing decisions when their production environment is changing has
been extensively studied in economics at least since (Samuelson, 1947). By specifying
a relationship between economic production and weather variables, one can predict
how a change in climate shifts private optimum and affects production (Hsiang, 2016).
Economists disentangle adaptation actions that occur at the intensive margin, where
behavioral changes adjust to a continuous choice variable, and at the extensive margin
where discrete changes are made. Assessing adaptation to climate change within the
California timber industry, Guo and Costello (2013) find that extensive margin adap-
tations may be more crucial than intensive margin adaptations for alleviating climate

change effects.

Some studies attempt to quantify differential adaptive capabilities among pop-
ulations. Due to a difficult access to modern technology, poor countries are found to
have more limited capacities of adaptation than rich countries (Adger, 2006). These
countries are found to be less equipped in terms of technologies (e.g., air conditioning,
irrigation infrastructure) but also institutions (e.g., medicine, crop insurance) that
may provide assistance against climate change impacts. For example, in a case study
on the Bangladesh coast, Brouwer et al. (2007) show that households facing higher

exposure to flood risk are both the poorest and the least well prepared.

For agriculture, several authors quantify the potential for adaptation to climate
change using the production function approach. In a meta-analysis based on more than
1,700 published simulations, Challinor et al. (2014) indicate that crop-level adaptation
is expected to increase yields by an average of 7 to 15%, with adaptation strategies par-
ticularly efficient for wheat and rice. Adaptation strategies differ according to regions;
Mediterranean regions have less options than Northern Europe regions for lessening
climate change impacts (Iglesias et al., 2011). Other studies, based on econometric
analysis provide evidence on farmers’ adaptive behavior concerning consumption and
savings. See for example Di Falco et al. (2011) studying Ethiopian rural households. A

very recent stream of literature aims at quantifying farmers’ short-term adaptations to
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weather changes. Examples include Aragén et al. (2021) indicating that extreme heat
can increase the planted area, and change crop mix among Peruvian rural households.
Jagnani et al. (2020) show that in Kenya, higher temperatures that occur early in
the growing season reduce fertilizer applications but increase pesticides consumption.
Concerning developed countries, Bareille and Chakir (2021) find that climate change
may increase fertilizer but decrease pesticide applications in Meuse, France.
Agriculture is a relevant sector for climate economics. However, very few studies

address inequality issues in agriculture in the light of climate change.

2 Social Justice

This section provides a broad overview of social justice with regard to climate change.
We first present the main social justice theories, without being completely exhaustive.

Second, we concentrate on climate justice.

2.1 Theories of social justice

As long as assets and resources are limited, the question of their distribution naturally
arises. Economists and philosophers have paid a considerable attention in seeking a

theory defining what is fair.

Marxism

Marxian theory (Marx, 1867) focuses on consumption. The latter has to be in propor-
tion of provided labour. Consequently, the theory defines two distinct class: exploiters,
i.e., when the ratio consumption/labour is in excess, and exploited, i.e., when the ratio
consumption/labour is too low. As this theory favours agents with the strongest labour
abilities, Marx added a principle, to each according his needs, that may be interpreted
as a way to reach welfare equality. Among criticism that importantly challenged the
Marxian exploitation theory, the most crucial one perhaps concerns the impossible

conversion of value in price. Despite recent development of the Marxian exploitation
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theory, see among others Roemer (1982)!, its concepts are today deserted.

Libertarianism

Libertarian thought, importantly developed by Nozick (1974) and Rothbard (1973),
is interested in individual rights. In this theory, all resources must be subject to
individual property rights. Then, once property rights are equally allocated, there is
no need for a distribution in terms of results (for example, consumption or utility).
This approach also suggests to abolish the so-called oppressive state. This theory faces
important objections. For instance, the state allows the proper functioning of a market
economy by providing a legal framework for contracts. It is hard to imagine that
individuals may freely construct this framework and peacefully interact, rather than
making clans and /or entering in conflicts. Another criticism lies in the appropriation of
property rights. Libertarians based the property rights on an original appropriation.
This may be a problem as the appropriation of some rights could have happened
contrary to Libertarian justice principles and may require reparation. Other criticisms

are exposed in Fleurbaey (1996).

Utilitarianism

Utilitarianism is arguably one of the most popular theories of justice. Its most fa-
mous contributors are Bentham, Mill, or Harsanyi. It considers as fair the situation
that maximizes total utility (or welfare). As it is focused on an aggregate measure of
welfare, this approach allows for important distributional implications. Several crit-
ics came from libertarians, as for instance Nozick (1974) with his "utility monster”.
An utilitarian society should spend all its resources for satisfying a person who is ex-
tremely more efficient than the others for transforming resources in utility (i.e., a utility
monster). The theory also struggles to defend fundamental rights. In a racist or a
theocratic state, discriminatory laws could contribute to maximize aggregate welfare.
A strong objection to the theory that emanates from Rawls (1971) concerns the ne-

glect of differences between individuals, and particularly of a plausible positive social

!The reader may also refer to Elster (1985); Roemer (1986) for analytical development of Marxian
exploitation
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aversion for utilities inequality (Sen, 1973). It should be noted that utilitarianism can
be egalitarian. Due to decreasing properties of the marginal utility of money, it may

recommend to redistribute money to the poorest people for maximizing total welfare.

Liberal-egalitarianism

Liberal-egalitarianism has been built in opposition to utilitarianism. Rawls (1971)
wonders how to identify justice principles to govern the society. In a famous thought
experiment, he placed individuals under a "veil of ignorance”. He derived three major
principles from imagining what agents not knowing about their particular circum-
stances (i.e., social position, natural skills, and conception of life) would choose as
a principle. First, individuals may agree on an equal [iberty principle, to guarantee
certain fundamental rights (e.g., freedom of conscience and expression, freedom of as-
sociation). Second, they may consent on an equal opportunity principle, according to
which individuals identically skills could have the same access opportunity to various
social positions. Third, they could approve a difference principle that justifies social
or economic inequality if and only if it benefits to worse-off individuals. The probable
risk-averse behavior of individuals under the wveil of ignorance is responsible for this
egalitarian principle. Harsanyi, a fervent supporter of utilitarianism, criticized this ap-
proach arguing for instance that it does not permit any sacrifices of the poor, whatever
the gain of the rich, or that it is irrational to base individual choice on unfavourable

alternatives, as it is the case with the veil of ignorance (Harsanyi, 1975).

2.2 Climate justice

Social justice is at the heart of the climate problem. Inequality is present, relatively
to both causes and consequences of climate change, but also at various scales (e.g.,
national, international, or inter-generational). On the one hand, GHG emissions are
highly heterogeneous across countries: rich countries are the biggest emitters (actually,
but also historically). In 2020, China, US and Europe were responsible for 58.4% of

total GHG emissions.? On the other hand, climate change impacts are also importantly

2Source: https://ourworldindata.org
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heterogeneous. Poorest individuals and future generations are likely to be the most
touched. The question of sharing the costs of fighting against climate change therefore
naturally arises.

The polluter pays principle lies on a simple intuition: moral responsibility derives
from causal responsibility (Pigou, 1920). The person causing the damage must repair
it. This principle is particularly consensual among economists as it also encourages to
reduce pollution and internalizes the externality due to GHG emissions. Caney (2005)
addresses several limits to this principle. First, as a significant share of GHG emissions
are due to earlier generations, and thus already dead individual polluters, we cannot
make the polluter pay. Second, there is a pardonable ignorance as we only undoubtedly
know that GHG emissions are causing climate change since the early nineties. agents
cannot be morally responsible for their actions if they ignore the consequences. The
third objection concerns poverty: what about individuals producing GHG emissions
who cannot afford to pay?

According to the beneficiary pays principle (Page, 2012), agents (or countries)
who benefit from past or actual emissions (whatever they originate from them or no)
are responsible for the implementation of climate policies. Gosseries (2004) defines
trans-generational free-riding to describe individuals benefiting from past and present
emissions without bearing the costs. This principle remedies several limitations of the
polluter pays principle. First, even if past polluters are dead, it is possible to make
present generations contribute, as they benefit from past emissions. Second, present
generations are not guilty for past emissions, they just have a duty to address, so
the past ignorance on GHG emissions consequences does not matter. However, this
principle is complicated to implement in practice because of the difficulty of measuring
the actual benefit from past GHG emissions.

Rather than focusing on past emissions, the ability to pay principle (Caney, 2005)
is interested in future impacts of climate change. It appeals to the moral responsibility
of those who have the financial means to pay. The ones with the most important

capacity to tackle climate change have to bear the largest share of the effort.

International climate negotiations illustrate the challenge for countries to agree

on justice principles. While developed countries may prefer the polluter pays principle,
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developing countries may opt for beneficiary pays or ability to pay principles.

3 Contributions of the dissertation

3.1 Research questions and scope

This dissertation studies different aspects of climate change in agriculture, in the light
of income distribution. It contains three chapters that are completely independent.
Chapter two deals with the regulation of GHG emissions, chapter three with extreme
temperatures, and chapter four with autonomous adaptation to climate change. Ob-
viously, this thesis does not pretend to capture all channels through which climate

change impacts and mitigation can affect agriculture.

3.2 Description of the chapters

Distributional consequences of climate policies: An application to European

agriculture

The main objective of this chapter is to assess the distributional impacts of various
tax-and-rebate schemes from both an analytical and an empirical approach.
Consequently to the work of Kolm (1969) and Atkinson (1970) defining the

Lorenz-dominance criterion?®

, a theoretical literature emerged from Jakobsson (1976)
and Kakwani (1977) to link the progressivity of a tax schedule to Lorenz-dominance
properties. Jakobsson (1976) demonstrates that a tax is inequality-reducing in the
Lorenz sense if and only if it is progressive everywhere. This model has then been
refined in terms of hypothesis by Eichhorn et al. (1984), adding a condition on the
rank-preservation of income, or extended to composite taxation by Le Breton et al.
(1996). This literature is particularly well synthesized in Lambert (1993). We build
on this literature to address the issue of an emission tax, possibly accompanied by a

rebate of the collected tax. Our framework allows us to disentangle the importance

of (i) the distribution of initial emissions with respect to initial income, and (ii) the

3Comparing two distributions, a situation may be preferred to another in terms of aggregate
welfare if and only if the Lorenz curve of its distribution entirely lies above the other one.
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distribution of marginal abatement costs with respect to income for the tax to be
inequality-reducing in the sense of Lorenz. We explicit two types of rebates of the
collected tax: rebates based on a constant absolute emission threshold, equivalent to
lump-sum transfers to agents, and rebates based on a constant relative abatement
threshold, proportional to individual initial emissions. For both types of rebates, the
regulator can redistribute the total amount of the collected tax, or more. We compare
the different tax-and-rebate schemes in terms of inequality-reducing properties and we

also examine how the latter are affected by an increase in the tax rate.

We then apply this framework to the issue of European regulation of GHG emis-
sion in agriculture. Exploring the distributional consequences of climate policies within
European agriculture is relevant for several reasons. First, despite the fact that Euro-
pean agriculture contributes to approximately 10% of total European GHG emissions,
it is not subject to any constraining climate policy. Second, the Common Agricultural
Policy (CAP) presents equity goals for European farmers. Third, farms have been
shown to be highly heterogeneous in terms of both GHG emissions and marginal abate-
ment costs. Our assessment relies on a set of simulations (Isbasoiu, 2019) obtained
from a micro-economic model of European agriculture. In this model, representative
farmers, calibrated on real farms data, maximize their gross margin, subject to vari-
ous constraints. We thus construct an income, subtracting wages paid from the gross
margin, and normalizing by the number of unpaid workers on the farm. It should be
noted the presence of negative income, not rare in agriculture, that we remove for the
distributional analysis, in line with the literature. Our results indicate that an emis-
sion tax with no rebate would increase farmers’ income inequality. This is mainly due
to an elasticity of GHG emissions with respect to income lower than one. However,
we show that rebates based on a well-chosen threshold may bring income inequality

to a lower level than the initial (i.e., pre-tax) level.

In an annex, we suggest an extension of this work. Applying a framework based
on the Shapley value (Chantreuil et al., 2019), we decompose farmers’ income inequal-
ity. We quantify the marginal contribution of two main characteristics, i.e., region and
type of farming, to overall income inequality. We also examine how these contributions

vary, according to the type of climate policy implemented.
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Extreme temperatures and inequality: Evidence from French agriculture

The goal of this chapter is to estimate the distributional effects of extreme temperatures

on French crop producers’ income.

Recent studies from DePaula (2020) and Malikov et al. (2020) investigate the po-
tential impact of climate variables on inequality between farmers. DePaula (2020) who
studies Brazilian commercial farms, finds that a 1°C of warming may be more detri-
mental to farms with warm climates, and with high quality land. Malikov et al. (2020),
working on US Corn and soybean production, indicate that future climate change im-
pacts may be more detrimental to lower yield quantiles. Building on these studies,
this chapter focuses on the distributional impacts of extreme temperatures within crop
producers, in France. To that purpose, we combine three databases. First, we use in-
dividual information from the French Farm Accountancy Data Network (FADN). It
provides farms accounting data (e.g., operating surplus, production, input costs), but
also information on the crop mix, for 18,546 farms on the period 2002-2017. Second,
we take advantage of a MétéoFrance database. It delivers daily weather information
at the SAFRAN grid (8km x 8km) that we disaggregate at a city-level. We then con-
struct variables for capturing the effect of extreme temperatures during the growing
season. A period of twelve years, from 1988 to 1999, is taken as a (local) reference
distribution. Then, days when the temperature is in the bottom (respectively top)
10% of the distribution are considered as cold (resp. hot) extremes. We consider their
cumulative sum as our variable capturing extreme temperatures. Note that our empir-
ical framework also controls for the effect of average temperatures and precipitations.
Third, we leverage on the European Soil Database. It gives us soil quality information

at a city-level in five classes of texture.

We then estimate the effect of hot and cold extreme temperatures on farms
income (i.e. operating surplus), controlling for weather variables (i.e., average tem-
peratures, precipitations), land quality, farm characteristics (e.g., land surface, irri-
gation) and accounting information (e.g., input expenditure, subventions perceived).
Results indicate that both hot and cold extreme temperatures are particularly costly

for farmers. We estimate an elasticity of -0.131 (resp. -0.048) for hot (resp. cold)
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extreme degree days with respect to farms’ income. Leveraging on a quantile regres-
sion framework (Koenker and Basset, 1978; Machado and Silva, 2019), we go deeper
in the distribution. Our analysis reveals antagonistic effects of extremely cold and
hot temperatures. While cold extreme temperatures impacts are found to be more
harmful for bottom incomes, and thus increasing inequality, extreme heat is found to
be more damaging for top incomes, and thus decreasing inequality. We explore two
potential explanations for these opposite distributional effects. First, there could be
a crop effect: the proportion of corn in the crop mix reduces with income, while the
one of rapeseed increases with income. Second, there could be a region effect: the

probability of being located in the North of France increases with income.

Distributional impacts of autonomous adaptation to climate change from

European agriculture

The objective of this chapter is to quantify the effect on the distribution of income of
farms autonomous adaptation to climate change within Europe.

Facing a durable change in their climate environment, farmers may autonomously
adapt, at their scale. This private adaptation may come from the intensive mar-
gin, the extensive margin, or even from the adoption of new practices. Our model-
ing strategy relies on a soft-coupling between a micro-economic model of European
agriculture (AROPAj) and a crop model (STICS). AROPAj depicts the annual eco-
nomic behaviour of a set of European representative farmers in terms of farmland
allocation (crops, pastures and grasslands) and livestock management (animal num-
bers and feeding). The model includes various agricultural productions in terms of
crops (i.e. 24 major European crops, permanent and temporary grassland) and ani-
mal husbandry (i.e. dairy and non-dairy cattle, sheep, goats, swine, poultry). Each
farmer maximizes its gross margin subject to technical (e.g. required crop rotations)
and political (e.g. CAP payements, environmental policies) constraints. To overcome
the lack of exhaustivity of the EU-FADN, AROPAj is sharpened by substituting a
function extracting from STICS linking inputs and yields at the plot scale. STICS
simulates the soil-atmosphere—crop system applied to a wide range of crops and pedo-

climatic conditions (Brisson et al., 2003), and then requires climate parameters, soil
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information, and data on agricultural management practices.

We consider the representative concentration pathway (RCP) 4.5 from the second
report on emission scenario, assessment report 5 (SRES AR5). We compute three
time horizons: a present horizon (period 2006-2035), a short-term horizon (period
2041-2070), and a long-term horizon (period 2071-2100). We simulate two levels of
autonomous adaptation for farmers. First, a weak adaptation level, where farmers may
adapt to a change in weather conditions through both the extensive and the intensive
margins, but only through crops initially present in their farm type. Second, a strong
adaptation level, where farmers can in addition, adopt new crop varieties or change
the sowing date. Findings indicate that, ceteris paribus, climate change may lead to
a worse situation than the present one, in terms of social welfare, in the short-term
horizon, because of (i) a decreasing income share for lower quantiles and (ii) a decrease
in total income. However, the situation may be better in the long-term horizon due
to (i) a stable income share for bottom quantiles and (ii) an increase in total income.
We then apply an inequality decomposition framework from Chantreuil et al. (2019)
and assess marginal contributions of region and type of farming to income inequality.
Then, we examine how farms’ autonomous adaptation to climate change affect these

contributions.
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CHAPTER 2. DISTRIBUTIONAL CONSEQUENCES OF CLIMATE POLICIES:
AN APPLICATION TO EUROPEAN AGRICULTURE

The potential regressivity of an emission tax is a major obstacle to the implementation
of this otherwise cost-effective instrument; rebate schemes may help overcome this
difficulty. The consequences of such schemes on the distribution of income depend
on their design and the distribution of initial emissions and abatement costs among
agents. We develop a stylized analytical framework to disentangle these effects, derive
general conditions under which a tax-and-rebate scheme is inequality-reducing, and
compare various possible designs with contrasting impacts on aggregate income and
the regulator’s budget. This framework is subsequently applied to the regulation
of greenhouse gas emissions from European agriculture. An emission tax with no
rebate is found to deliver substantial mitigation, but also to have regressive impacts.
If combined with a rebate based on a constant emission threshold, aggregate income
would be less negatively impacted (or even increase relative to the initial situation) and
income inequality would decrease well below pre-policy levels. For the same impact on
the regulator’s budget and aggregate income, a threshold proportional to each farmer’s
initial emissions has a very small impact on income inequality. These findings show
that a well-designed rebate can be pivotal for the political acceptability of climate

policy instruments.
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1 Introduction!

Emission taxes have been proposed for decades as a cost-effective instrument to in-
centivize greenhouse gas (GHG) mitigation (Goulder and Parry, 2008; Stiglitz et al.,
2017). However, their potentially regressive impacts are increasingly scrutinized (Met-
calf, 2009; Ohlendorf et al., 2020). A major concern is that the consequences on income
inequality undercut the political support to such instruments and jeopardize the im-
plementation of ambitious climate policies (Tiezzi, 2005; Parry, 2015). Transfers, for
instance in the form of a rebate, may be used to lessen the adverse distributional im-
pacts of the policy (Bento et al., 2009). However, given the heterogeneity in individual
initial emissions, mitigation costs, and behavioral responses to the tax, the design of
such transfers raises issues with regard to post-policy income inequality and budget
implications.

The first objective of this study is to clarify how the design of an emission tax-
and-rebate scheme affects income inequality. The second objective is to empirically
assess the distributional implications of tax-and-rebate schemes aimed at mitigating
agricultural GHG emissions in the European Union (EU).

This study contributes to a growing body of literature on distributional effects
of emission taxes. The focus of this literature is mainly on carbon or energy taxes
that target households. The results with respect to the distributional impacts of
such policies have been ambiguous (Ohlendorf et al., 2020). Although a few studies
have reported progressive effects (Dissou and Siddiqui, 2014; Labandeira et al., 2009;
Landis et al., 2021; Feindt et al., 2021), carbon taxes have been found to increase
income inequality in many contexts (Mathur and Morris, 2014; Araar et al., 2011;
Grainger and Kolstad, 2010; Ravigné et al., 2022). Several authors have investigated
how this effect could be compensated by a simple flat-recycling rebate (Bento et al.,
2009; Klenert and Mattauch, 2016; Goulder et al., 2019; Douenne, 2020; Cronin et al.,
2019) or by a modification of the tax system (Chiroleu-Assouline and Fodha, 2006,
2014).

The agricultural sector provides an interesting application case for several rea-

!This chapter comes from a collaboration with Stéphane De Cara.
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sons. First, although agriculture is a substantial contributor to GHG emissions (about
10% of total EU GHG emissions, mostly due to direct emissions of methane and ni-
trous oxide, European Environment Agency, 2020), it is still largely absent from the
scope of the main climate policy instruments currently in place at both the member
states and EU levels (Grosjean et al., 2016). The contribution of this sector is critical
to the fulfillment of the EU’s objectives of reducing GHG emissions by 40% by 2030
relative to 2005 in the sectors covered by the Effort Sharing Regulation (European
Parliament, 2018; European Commission, 2021b). Second, “ensuring a fair standard
of living for the agricultural community” was historically one of the founding objectives
of the Common Agricultural Policy (CAP) and “generating fairer economic returns”
has remained an important goal in the subsequent CAP reforms (European Commis-
sion, 2020). Third, the European agricultural sector is characterized by large income
inequality (European Commission, 2021a) and large heterogeneities across farms in
terms of both GHG emissions and marginal abatement costs (De Cara et al., 2018;

Fellmann et al., 2021).

The regulation of agricultural GHG emissions has attracted increasing attention
in environmental economics, with contributions quantifying the mitigation potential
and costs in the agricultural sector at various spatial scales and resolutions (Vermont
and De Cara, 2010; Frank et al., 2018; Fellmann et al., 2021), or simulating the con-
sequences of various second-best policy designs (Garnache et al., 2017; De Cara et al.,
2018). This literature focuses on cost-effectiveness and to a large extent, is discon-
nected from the distributional consequences of the policies. In parallel, the issue of
income inequality within the agricultural sector has given rise to a substantial body
of literature, mostly in low- and middle-income countries, but also in more developed
regions (Finger and El Benni, 2014). In Europe, this issue has been often examined

in relation to the role of the CAP (Hanson, 2021; Piet and Desjeux, 2021).

Our contribution is twofold. First, we analytically investigate and compare var-
ious tax-and-rebate schemes and derive general conditions under which they reduce
income inequality. We compare rebates based on a constant emission threshold and on
a constant relative abatement threshold. The former are akin to lump-sum transfers;

the latter are equivalent to transfers proportional to initial emissions. Depending on
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the chosen threshold level, the policy can be budget neutral or entail a net cost for
the regulator. Combining these two dimensions, we can compare the performances
of schemes that are based on a similar design but have contrasting impacts on the
regulator’s budget, and schemes that have the same consequences on the regulator’s
budget but differ in their design. This analysis builds on the abundant literature
on Lorenz-dominance and the measurement of inequality (Atkinson, 1970; Jakobsson,
1976; Fellman, 1976). See for instance Aaberge (2001) for an axiomatic approach. Our
findings confirm the key role played by the elasticity of initial emissions with respect
to initial income, a feature often at the center of attention in analyses of income in-
equality and the environment (Chancel, 2021). They also reveal the importance of how
individual mitigation costs and potential vary with respect to initial income, a feature
that has drawn less attention in the literature. The analytical framework sheds new
light on how various rebate designs compare in terms of income inequality, and how

their distributional impacts vary with respect to the emission tax rate.

Our second contribution is empirical. We quantify the distributional impacts of
an emission tax on GHG emissions from European agriculture, and explore various re-
bate scheme designs with contrasting impacts on the regulator’s budget and aggregate
income. To the best of our knowledge, this study is the first to examine the distribu-
tional impacts of climate-policy instruments in the agricultural sector. In the absence
of GHG emission regulation, the distributional consequences of the policy cannot be
estimated directly. The analysis builds on a simulations produced by Isbasoiu (2019),
which rely on a micro-economic, supply-side model of EU agriculture that operates at
the farm level and covers a wide diversity of contexts across the EU. As the model
accounts for heterogeneities across farms in terms of GHG emissions, supply response
to an emission tax, and marginal abatement costs, the simulations enable to discuss
the implications of various tax-and-rebate schemes on income at both the farm and
aggregate levels. Our findings indicate that an emission tax with no rebate tends to
increase income inequality among Furopean farmers. They also show that a rebate
based on a well-chosen emission threshold may offset these regressive impacts and even

substantially reduce pre-existing income inequality, while preserving cost-effectiveness.

The remainder of this chapter is organized as follows. Section presents the an-
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alytical framework developed in the study. The conditions under which an emission
tax-and-rebate scheme is inequality-reducing are examined in Section 3, along with
an analysis of how these conditions vary with the design of the rebate and tax rate.
Section 4 presents the simulations used, the model they are based on, and the adjust-
ments made for the analysis of income inequality. The impacts on aggregate income
and the regulator’s budget, and the distributional implications of an emission tax com-
bined with various designs of the rebate scheme are analyzed in Section 5. Section 6

concludes.

2 Analytical framework

Consider a continuum of heterogeneous agents whose population is normalized to 1.
Agents are characterized by their (positive) initial income y. The distribution of initial
income is denoted by Y, and is defined by the cumulative distribution function F'(y).

The activity of each agent causes emissions. We assume that initial emissions
can be mapped with initial income, so that agent with initial income y initially emits
eo(y) > 0, with eg(y) differentiable for all y.> Agents may reduce their emissions at
a cost c(a,y), where o denotes the rate of reduction in emissions relative to initial
emissions. ¢(«, y) is defined for all y and for all & such that 0 < « < 1, and is assumed
to be twice differentiable with respect to both arguments. The following standard
assumptions are made for all y (subscripts indicate partial derivatives): ¢(0,y) = 0,
co(0,y) =0, and co(a, y) > 0, canla,y) > 0 for all @ such that 0 < o < 1.

The regulator considers a policy scheme S that combines an emission tax and a
rebate. Each unit of emission is taxed at a constant rate t. The rebate is defined by a
(pre-determined) non-negative quantity of emissions é(¢,y) that is deducted from the
tax bill. Note that é%(¢,y) depends on y to accommodate the fact that the regulator
may opt for an individualized rebate. It also takes ¢t as an argument as the rebate may

be determined by the total tax revenues collected by the regulator, as will be seen

2Pre-policy income ¥ is assumed to be a pre-determined characteristic of the agent. The notation
eo(y) should thus be interpreted as the initial emissions of agent with initial income y, rather than
as a structural relationship between emissions and income. The same remark applies to mitigation
costs ¢(a, y).
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later. Under scheme S, the net amount paid by an agent with income y who reduces

emissions by « is:

S = — _ S — ~S _ ~S _ _és(t7y>
g (t,y) =t. ((1 a)eg(y) — é (t,y)) = teo(y) (a (t,y) a), where a°(t,y) =1 ()

(2.1)
All agents emitting more than é5(t,y) (i.e., reducing their emissions by less than
aS(t,y)) are liable for a positive net payment (¢5(¢,y) > 0). All agents emitting less
than é5(t,y) (i.e., reducing their emissions by more than a5(¢,y)) receive a positive
net transfer (¢5(¢,y) < 0).

The case where a°(¢,y) = 1 for all y corresponds to a standard emission tax
without any rebate (no rebate, or NR). The case where a°(t,y) = 0 for all y corresponds
to a subsidy to each unit of abatement at constant rate ¢ (abatement subsidy, or AS).

The post-policy income of an agent with initial income y who reduces emissions
by « is:

S(ty) =y — clo,y) — g°(t,y). (2.2)

As long as individual agents cannot influence é(¢, y), the rebate does not interfere

with their abatement decisions. It is easy to see that the abatement maximizing 25(¢, y)
is such that:

cola,y) =t for all y. (2.3)

Eq. (2.3) implicitly defines the optimal individual abatement supply a(t¢,y). As
a direct consequence of the assumptions regarding abatement costs, the abatement
supply for any agent is equal to zero if the emission tax is zero, and is positive and
monotone increasing with respect to t for all positive emission tax rates. Thus, for all
y, we have that «(0,y) = 0. In addition, for all y and all ¢ > 0, 0 < «a(t,y) < 1 and
a(t,y) > 0.

It will be useful to normalize the impact of the policy on agents’ income. Using
Egs. (2.1), (2.2), and (2.3), the net loss in income per unit of initial emissions can be

expressed as
t

S
B(t,y) = yeg(g’y) = ta>(t,y) —/0 a(u,y) du. (2.4)

Figure 2.1 depicts the situation for an agent with initial income y, facing an emis-
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sion tax t and a rebate defined by a relative abatement threshold a°(t,y). If &5(¢,y) =
1 for all y (NR), then ("%(¢ y) is unambiguously non-negative (0 < (NR(t,y) < t).
Conversely, if a°(t,y) = 0 for all y (AS), then —t < (25(¢,y) < 0. More generally,
if the rebate scheme leads to a net positive payment from the agent to the regulator
(i.e. if a(t,y) < a%(t,y)), then the corresponding agent’s income is negatively affected
by the policy, that is £3(¢,y) < 0. If, as is the case in the situation illustrated in Fig-
ure 2.1, a(t,y) > &5(t,y), then £5(¢,y) can be either positive (net loss for the agent)

or negative (net gain).

Abatement

rate

1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Abatement rate

alt,y) SRSBSSS supply curve
//
// Relative
aS(t,y) abatement
threshold
Emission
0 t tax rate

Figure 2.1: Situation of an individual agent with pre-policy income y under a tax-and-rebate
scheme defined by a tax rate t and a relative abatement threshold a°(t, y).

Note: The net loss in income per unit of initial emissions, £°(t,y), is given by the difference between
the blue area and the orange area; the grey hatched area represents the net payment per unit of

initial emissions (g°(t,y)/eo(y)), which is negative in this case (net transfer to the agent).

As the focus is on the distributional effects of environmental policy rather than
on its optimality at the aggregate level, its impacts will be examined for any emission
tax rate, regardless of the actual value of the marginal damage caused by emissions.
Nevertheless, it is useful to consider the aggregate impact of the policy on the reg-
ulator’s budget. Integrating ¢5(¢,y) over the entire population yields the total net

amount of tax collected by the regulator:

A3t =t [ eoly) (8%(t.9) — alt,9) dF() (2.5)
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The net tax revenue for the regulator under an emission tax with no rebate
amounts to GN?(t) = t(Ey — A(t)), where Ey and A(t) are the aggregate initial emis-
sions and abatement, respectively. An abatement subsidy entails a net budget cost for
the regulator (G25(t) = —tA(t)).

Budget-neutral (BN) schemes—such that G5(t) = 0-are of particular interest. If
based on a constant absolute emission threshold (CAET), one such scheme is defined
by:

EBN-CAET (1 ) — By — A(t) for all y. (2.6)

If the rebate is based on Eq. (2.6), agents with higher-than-average® post-policy emis-
sions are liable for a positive net payment to the regulator, whereas agents with lower-
than-average post-policy emissions receive a net transfer from the regulator.

A budget-neutral scheme may also be based on a constant relative abatement
threshold (CRAT):

At
ABNORAT (4 ) = E(o) for all y. (2.7)

In this case, any agent who reduces emissions by a greater (lower) rate than the average
abatement rate receives (pays) a net positive amount from (to) the regulator.

Specifications (2.6) and (2.7) assume that the regulator can predict the overall
abatement A(t) when setting the rebate. If this information is not available, one can
imagine a rebate based on a constant absolute emission threshold equal to the average
initial emissions:

eBC-CAET (1 ) = B for all 3. (2.8)

Specification (2.8) imposes the same net budget cost (BC) to the regulator as in
the case of an abatement subsidy (GBN-CAET(t) = —tA(t)), but involves a different
distribution of post-policy income.

The five rebate designs discussed above are presented in Table 2.1. By con-
struction, for a given tax rate, they are all equivalent in terms of total emissions and
abatement costs. The sum of the total post-policy income and net tax revenue is

also constant across schemes (X5(t) + G®(t) = Y — C(t)). Note that the total post-

3Remember that, as the population mass is normalized to 1, aggregate emissions are equal to
average emissions.
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policy income X5(t) is smaller than the pre-policy income Y under the first three
schemes (NR, BN-CAET, BN-CRAT), and larger than Y under BC-CAET and AS
(as tA(t) > C(t)).

Table 2.1: Five rebate designs and their impacts on the regulator’s budget and total post-
policy income.

Rebate Absolute emis- Relative abate- Net tax revenue Post-policy
sion threshold ment threshold income

S &S(t,y) a®(t,y) G5(t) X5(t)

NR 0 1 t(Ey — A(t)) Y — C(t) —
t(Eo — A(t))

BN-CAET E, — A(t) 1 — B2l 0 Y — C(t)

BN-CRAT ¢fy) (1-42) 48 0 Y —C(t)

BC-CAET E, 1— s —tA(t) Y — C(t) +
tA(t)

AS eo(y) 0 —tA(t) Y — C(t) +
tA(t)

Note: Variables in uppercase are the aggregate counterparts of the individual variables (in lowercase)
defined in the text, and can be interpreted indifferently as total or population average. NR: No rebate;
AS: Abatement subsidy; BN: Budget-neutral; BC: Budget-costly; CAET: Constant absolute emission
threshold; CRAT: Constant relative abatement threshold.

The rebate design impacts not only post-policy income, but also how it varies
with respect to the tax rate. Differentiating the net loss in income per unit of initial

emissions with respect to ¢ yields (see Eq. (2.4)):

G (ty) = a5(t,y) + tap (t,y) — alt,y) (2.9)

The term ta$ (¢, y) in Eq. (2.9) is relevant only for budget-neutral schemes (BN-CAET,
BN-CRAT), and is equal to zero under the three other rebate designs (NR, BC-CAET,
and AS, see Table 2.1). This term captures the fact that, as total abatement rises in
response to the tax increase, the threshold needs to be adjusted accordingly to ensure
budget-neutrality.

A marginal increase in t decreases the income for all agents under the no-rebate
scheme (NR), and increases it under an abatement subsidy (AS). For the other three
schemes, the change in income is negative (positive) for agents reducing their emissions

by a rate smaller (larger) than &5(t,y) + tad(t,y).
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To describe how the various components of the model vary with respect to y, we

introduce the following notations:

_ ye(y) 2t y) = yb,(t,y) S(,y) = yts, (. y) (2.10)

G(ty)

B(t,y)’

that represent the (local) elasticity of initial emissions, net loss in income per unit of
initial emissions, and change in net loss in income per unit of initial emissions due to

a marginal change in ¢, respectively, with respect to initial income.

3 Impacts of tax-and-rebate schemes on income in-

equality

We now examine how the design of an emission tax-and-rebate scheme affects income
inequality. The comparison of income distributions is based on the Lorenz-dominance
criterion. In particular, we use that the post-policy income distribution X Lorenz-
dominates the pre-policy income distribution Y-that is, ) <; &AS-if and only if the
policy is (i) progressive everywhere (i.e. 25(t,%)/y is non-increasing with respect to y
for all y in ) and (ii) rank-preserving everywhere (i.e. 25(¢,y) is non-decreasing with
respect to y for all y in ) (Eichhorn et al., 1984).

For any given value of ¢, and assuming that y > 0 and 25(¢, ) > 0 for all y, these

conditions can be summarized as follows:

_yay(ty)

0 < &3(t,y) <1 forall y, with £5(¢,y ,
" =)

(2.11)

where £5(¢,y) is the elasticity of post-policy income with respect to .

Conditions (2.11) can be rearranged and expressed in terms of the net loss in

income (eo(y)5(t,y), see Eq. (2.4)) and how it varies with respect to initial income.

Proposition 1 Consider a tax-and-rebate scheme S with an emission tax rate t > 0

such that post-policy income is positive for all y. S is inequality-reducing (Y < X°)
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if and only if:

y
eo(y)05(t, y)

< e(y) + NS(t,y) < 1 for all y such that £5(t,y) <0 (2.13)

1 <e(y) + \(t,y) < for all y such that (5(t,y) > 0 (2.12)

Y

)

Proof. See Appendix.

The tax-and-rebate scheme is progressive if the net loss in income varies more
than linearly with respect to initial income for agents who loose from the policy,
and less than linearly with respect to y for those who gain from the policy. Condi-
tions (2.12) and (2.13) also ensure that the policy is rank-preserving. These conditions
permit to distinguish the respective roles of the distribution of initial emissions with
respect to pre-policy income (through (y)) from that of the loss in income per unit
of initial emissions (through A5(¢,y)). Additionally, they underscore the importance
of how the chosen threshold partitions the population into agents who incur a net loss

due to the policy (2.12) and those who benefit from it (2.13).

To clarify the interpretation of Proposition 1, first consider a policy involving
a positive emission tax but no rebate. In this case (NR), it is clear that all agents
face a net loss and, hence, that conditions (2.12) apply for all y. For illustrative pur-
poses, further assume that agents cannot reduce their emissions, for example because
abatement is prohibitively expensive or simply because there are no feasible abatement

options. In this case, conditions (2.12) simplify to:

Y

1<el) < teo(y)

for all y. (2.14)

In such a situation, for the policy to be inequality-reducing, the elasticity of
initial emissions with respect to y must be neither too large nor too small for all
agents. If it is too large, the policy is not rank-preserving. If, on the contrary, e(y) is
smaller than 1 for all y, lower-income agents have proportionally larger emissions than
higher-income agents, which makes them proportionally more affected by the emission
tax. When initial emissions increase less than linearly with initial income, the emission

tax tends to be regressive.
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However, agents generally have the ability to reduce their emissions in response
to the tax. The extent to which this can compensate for the potentially regressive
impacts of the emission tax depends on how abatement and the associated costs vary
with respect to initial income y. This is encapsulated in A5(¢, i), which is the elasticity
of the net loss in income per unit of initial emissions with respect to y (£°(t,y), see
Eq. (2.4)). For clarity, still assume that there is no rebate but now consider that
agents can reduce their emissions. Conditions (2.12) indicate that, in this case (NR),
even if £(y) < 1 for some values of y, the policy can still be progressive provided that
ANR(2y) is sufficiently large for the respective agents.

Now, consider the polar case of an abatement subsidy (AS). In this case (a*5(¢, y) =
0 for all y), all agents unambiguously gain from the policy and conditions (2.13) apply.
A comparison of the conditions for NR and AS shows that the effect of the distribu-
tion of initial emissions on inequality depends on the rebate design. Other things held
constant, an increase in £(y) makes the no-rebate scheme more progressive, whereas it
makes the abatement subsidy more regressive.

The three other rebate designs (BN-CAET, BN-CRAT, and BC-CAET) split
the population into two categories: those who face a net loss and those who enjoy a
net gain from the policy. Whether each scheme reduces or increases income inequality
partly depends on whether the agents in the former category are also those with higher
or lower initial income.

As seen in the previous section, the various rebate designs differ only in the
total level and distribution of post-policy income, as well as in their impacts on the
regulator’s budget. The following proposition examines how they compare in terms of

income inequality.

Proposition 2 For a given emission tax rate t > 0, assume that post-policy income
is positive under the no-rebate scheme for all agents, i.e. xNE(t,y) > 0 for all y. The

following results hold:

(2) XNR jL XBN—CAET jL XBC-CAET’.

(ii) If0 < e(y) < E¥R(t,y) for all y, then XNE <, XEN-CRAT < pAs,

If 0 < ENB(t,y) < e(y) for ally, then XAS <, XABN-CRAT < xNE.
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(iii) If e(y) > 0, EBN-CAET( o) > 0, and e(y) > e‘](y)i;)EOEBN'CAET(t,y) for all y, then

eo(
XBN—CRAT jL XBN—CAET}.

(iv) If e(y) > 0, EBCCAET(t ) > 0, and (y) > e(’g)ﬁE‘)SBC‘CAET(t,y) for all y, then

XAS jL XBC—CAET.

Proof. See Appendix.

The first message of Proposition 2 is that it is always possible to design a rebate
that reduces income inequality relative to an emission tax. In particular, a rebate based
on a constant absolute emission threshold (CAET) unambiguously reduces inequality
compared with an emission tax with no rebate (part (i) of the proposition). This
result is not surprising because CAET-based rebates are akin to lump-sum transfers.
However, they entail a cost for the regulator relative to the situation with no rebate.
The larger the emission threshold, the lower the inequality, but also the larger the net
budget cost.

Part (ii) of the proposition indicates that inequality can also be reduced through
a rebate based on a constant relative abatement threshold (CRAT). However, this
requires that e(y) not be too large. In particular, if, for all y, 0 < e(y) < 1 and the
no-rebate scheme is regressive (i.e., E¥}(¢,y) > 1, or equivalently, e(y) + \N®(t,y) < 1,
see (2.12)), then the first conditions in (ii) are readily verified. By contrast, if e(y)
is sufficiently large, such schemes may perform worse than an emission tax with no
rebate in terms of income inequality. This occurs notably if (y) > 1 for all y and
the no-rebate scheme is inequality-reducing compared with the pre-policy situation.
Interestingly in that case, the greater the rebate, the greater the budget cost, but the
greater the post-policy income inequality.

Parts (iii) and (iv) compare the tax-and-rebate schemes that have the same im-
pact on the regulator’s budget. Note that the conditions in (iii) and (iv) are readily
verified for agents with smaller-than-average emissions, who also have lower initial
income as soon as (y) > 0. These agents are better off if the rebate is based on a
constant absolute emission threshold (CAET) than on a constant relative abatement
threshold (CRAT). For agents with greater-than-average emissions, £(y) must be suf-
ficiently large for the CAET rebate to reduce income inequality compared with the
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CRAT rebate. If the conditions in (iii) are fulfilled, the conditions in (iv) are also

verified because (i) implies that ¢EN-CAET (¢ ) > ¢BC-CAET(3 ) for all y and any given
t>0.
How does a change in the emission tax rate affect inequality for a given rebate

scheme?

Proposition 3 Consider a tax-and-rebate scheme S defined by a tax rate t and a
relative abatement threshold &°(t,y) such that post-policy income is positive and rank-
preserving for all agents (x°(t,y) > 0 and xi(t,y) > 0 for ally). A marginal increase

in the tax rate t reduces income inequality if and only if:

e(y) + 3t y) > €5(t,y) for all y such that a(t,y) < &%(t,y) +tag(t,y),
(2.15)

and e(y) + v°(t,y) < E5(t,y) for all y such that a(t,y) > a(t,y) + tal (L, y).
(2.16)

Proof. See Appendix.

The left-hand side of inequalities (2.15) and (2.16) corresponds to the elasticity
of the net change in income due to a marginal increase in t. Income inequality is
reduced when the net change in income increases more (less) rapidly than post-policy
income with respect to y for agents reducing their emissions by a small (large) rate.

Consider the case of an emission tax with no rebate (NR). In this situation,

condition (2.15) applies for all y, and reduces to:

e(y) — m > eNR(t ) for all y. (2.17)

The left-hand side of inequality (2.17) corresponds to the elasticity of post-policy
emissions with respect to 3. Notice that, by construction, £3(0,y) = 1 for all y.
Moreover, as «(0,y) = 0 for all y, we have that a,(0,y) = 0 for all y. Therefore,
starting from ¢ = 0, a marginal increase in the emission tax rate decreases income
inequality under a no-rebate scheme if and only if €(y) > 1 for all y. The intuition is

similar to that behind condition (2.14). In the neighborhood of ¢ = 0, the direction
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of the change in income inequality due to a marginal increase in ¢ is predominantly
determined by the distribution of initial emissions. If €(y) < 1, the emission tax with
no rebate tends to be regressive, and a marginal increase in t reinforces its regressivity.
That is only when starting from a sufficiently large tax rate that the distribution of
a,(t,y) might counteract this tendency at the condition that lower-income agents are
able to cut their emissions by a larger rate than higher-income agents (i.e. o (t,y) < 0).

Under an abatement subsidy (AS) with ¢ > 0, condition (2.16) applies as a(t, y) >
0 for all y. Therefore, in this context, a marginal increase in ¢ decreases inequality if
and only if:

e(y) + ?JZ;(/t(tayZ)/) < M(t,y)  for all y. (2.18)

The left-hand side of inequality (2.18) corresponds to the elasticity of individual abate-
ment with respect to y. A comparison of conditions (2.17) and (2.18) highlights the
contrasting roles played by e(y) and «,(¢,y) under NR and AS.

Under the other three rebate designs (BC-CAET, BN-CAET, and BN-CRAT),
some agents—those reducing their emissions by a rate lower than &(¢,y) + té;(t, y)—see
their net loss in income increase, whereas the other agents see their net loss decrease
(or their net gain increase).

Using Egs. (2.8) and (2.10), it can be shown that under BC-CAET, condi-
tions (2.15) and (2.16) are equivalent to:

8( )_ yay<t7y) > EO

— BC-CAET O B, . .
1—a(ty) ~ (1 eo(y) (1 — a(t,y))> ¢ for all (2.19)

A slightly more involved but similar condition can be found under BN-CAET:

_ yy(ty) _ Eo— AW (1 + tﬁg)) BN-CAET ¢
Wy 2 (1 W@ -aty) )S et @20

Note the presence in (2.20) of the elasticity of sector-wide abatement with respect to t

(tA/(t)

Y10 ), which determines the adjustment needed to maintain budget neutrality. This

parameter can be determined by sector-wide simulations of the abatement response to
an emission tax. As an illustration, based on a meta-analysis of such approaches in

the context of the mitigation of non-CO, greenhouse gases in the agricultural sector,
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Vermont and De Cara (2010) estimated the value of this elasticity at approximately 0.6.
Note also that if (2.20) holds true, then (2.19) also holds true, as EBC-CAET < ¢BN-CAET
(part (i) of Proposition 2) and A’(t) > 0.

Propositions 1 to 3 confirm the importance of the elasticity of initial emissions
with respect to y when assessing the distributional consequences of any tax-and-rebate
scheme. However, whether initial emissions vary less or more than linearly with ini-
tial income is not sufficient on its own to compare various candidate schemes with
contrasting consequences on the regulator’s budget and/or income distribution. This
should be examined jointly with the distribution of agents’ ability to reduce emissions.
Therefore, the ranking of various rebate schemes also depends on the heterogeneity
of agents in terms of abatement potential and costs, which, to a large extent, is an

empirical question.

4 Simulation data: Abatement costs of GHG emis-

sions from EU agriculture

We now turn to the empirical application to the mitigation of GHG emissions from
EU agriculture. In addition to comprehensive sectoral coverage, the framework pre-
sented above requires a representation of individual heterogeneity not only in terms
of initial income and emissions, but also in terms of abatement potential and costs.
The set of simulations produced by Isbasoiu (2019), which examines the impacts of
the implementation of an emission tax on EU agricultural GHG emissions and covers
the period 2007-12, is one of the rare empirical modeling exercises providing such in-
formation both at the farm and EU levels. For ease of presentation, only the results
for the most recent year covered by the simulations (2012) are used in the analysis.
The model underlying these simulations is a micro-economic model of the EU
agricultural supply, AROPAj (Jayet et al., 2021). It describes the optimal annual eco-
nomic behavior of a set of representative farmers in terms of farmland allocation (food
and feed crops, temporary and permanent pastures, and grasslands) and livestock

management (animal numbers, animal feeding). The model integrates the relevant
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CAP provisions and a rich technical content in terms of crop and livestock production.
The relationships between agricultural activities and environmental outcomes (GHG
emissions, nitrogen compounds, and water usage) make it possible to assess the envi-
ronmental impacts of policies affecting the EU agricultural sector (De Cara and Jayet,

2011; Lungarska and Jayet, 2018; De Cara et al., 2018; Isbasoiu, 2019).

The behavior of each representative farmer is modeled using a static, mixed
integer linear-programming model. Farmers are assumed to be price-takers and act
independently of one another. In a given economic and policy context (input and
output prices, taxes and subsidies, CAP provisions), each farmer chooses crop area
allocation, animal feeding, and animal numbers to maximize the farm’s gross margin,
subject to technical (e.g., crop rotations, animal-specific feeding requirement), resource
availability (e.g., available farmland area, herd size), and CAP-related constraints.

Most parameters and initial values of the model variables are taken from or
estimated based on the EU Farm Accountancy Data Network (EU-FADN), which
provides accounting and structural data (revenues, variable costs, prices, yields, crop
area, animal numbers, support received, and type of farming) for more than 70,000
surveyed professional farms across the EU. The surveyed farms are representative of
the diversity of farming production contexts at the regional level. The EU-FADN
provides a weight attached to each surveyed farm that enables the aggregation of farm
results at regional, country, or EU scales. The EU-FADN surveyed farms included in

the model are representative of a total population of 3.766 million farms for 2012.

The model covers the 24 main annual crops currently grown in Europe as well
as temporary and permanent pastures and grasslands. Perennial crops (orchards and
vineyards) and specialty crops are excluded. Animal categories represented in the
model are sheep, goats, swine, poultry, dairy, and non-dairy cattle. Cattle are further
disaggregated into age and sex categories. The possible interactions between vegetal
and animal production activities occurring at the farm level are explicitly modeled,
notably through the on-farm consumption of feed crops. This is particularly important

for mixed-farming systems that represent a substantial share of European agriculture.

Representative farms are constructed as clusters of the farms surveyed by the

EU-FADN. This classification groups farms that operate in the same region and are
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similar in terms of main type of farming (14 modalities, see Table 2.5; a representative
farm may combine several types of farming), economic size, and altitude (0-300 m,
300-600 m, and over 600 m). This typology resulted in 1,993 representative farms

across 133 regions in 2012.

The main agricultural sources of GHG emissions are endogenously determined at
the representative farm level: nitrous oxide (NoO) emissions due to agricultural soils
and manure management and methane (CHy) emissions due to enteric fermentation,
manure management, and rice cultivation. Smaller sources (such as COy emissions
due to the use of fossil fuels and carbon-containing fertilizers in the sector) are not
covered by the model. Note that carbon sinks/sources in soils and biomass, which
would require a dynamic approach, are not included. The calculation of emissions
relies on country-specific emission factors taken from member states’ GHG inventory
reports to the UNFCCC. These factors link the level of the relevant activity for any
representative farm to that of the corresponding sources of emissions. NoO and CHy
emissions are converted into COseq based on the respective 100-year global warming

potential: GWPy,0= 298 and GWPcy,= 25.

Over the full set of farms represented in Isbasoiu (2019), initial emissions average
about 97 tCOqeq per farm (see Table 2.2), with a wide range of variation in per-farm
emissions from 0.2 to more than 8,500 tCOseq. The resulting distribution of initial
emissions is right-skewed, with a median almost four times lower than the mean and

a coefficient of variation slightly above 2.

The main purpose of these simulations was to evaluate the response of each
representative farm to an emission tax. We focus on tax rates ranging from 0 to
100 €/tCO4eq (by steps of 1 € up to 60 €/tCOqeq, and of 2.5 € from 60 to 100 €/tCOeq).
The highest value of this range is slightly larger than the maximum price observed on
the EU Emissions Trading System to date and also larger than the carbon tax rates
currently implemented in most European countries (World Bank, 2022). Farmers re-
spond to the tax by adjusting their input use and output through changes in their
crop area allocation, animal numbers, and/or animal feeding (e.g., on-farm produced
vs. marketed feed, forage vs. concentrates) within the feasible set defined by the

model constraints. For each simulated tax rate t, one obtains a point evaluation of
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Table 2.2: Descriptive statistics of the main variables of interest for two normalizations and
two sets of farms.

Per farm Per unpaid AWU

mean s.d. min med. max mean s.d. min med. max

Full set of farms

Emissions (tCOqeq)  96.8 206 0.2 26.1 8,570 734 162 0.1 219 8,570
Gross margin (k€) 45.8 111 -312.4 146 4,589 34.7 90 -2424 11.0 4,589
Income (k€) 41.0 99 -4470 13.0 3,311 311 79 -3984 10.0 3,531

Only farms with positive income at t = 100 €/tCOqeq
Emissions (tCOqeq)  97.2 209 0.2 262 8570 739 164 0.1 219 8,570

Gross margin (k€) 49.7 113 0.0 16.1 4,589 37.7 91 0.0 124 4,589
Income (k€) 46.5 98 0.0 151 3,311 354 77 0.0 11.7 3,531

Note: Income is proxied by operational surplus (see text). AWU: Annual Workforce Unit; Full set
of farms: 3.766 million farms and 4.967 million unpaid AWU; Only farms with positive income at
t =100 €/tCOzeq: 3.503 million farms and 4.611 million unpaid AWU.

the abatement supply (difference between initial emissions and emissions at price t)
and abatement costs (initial gross margin minus gross margin at price ¢ excluding the
total amount of tax paid).

Table 2.3 reports the EU-wide results for three emission tax rates. Emissions
(365 MtCOqeq with no tax) are reduced by approximately 6, 9, and 15% for tax rates
of 30, 50, and 100 €/tCOqeq, respectively. The total abatement costs reach up to
2.1 billion € for the highest explored tax rate.

Table 2.3: EU-aggregated results for the full (3.766 M farms, 4.967 M unpaid AWU) and
restricted (3.503 M farms, 4.611 M unpaid AWU) sets of farms.

Emission tax (¢, in €/tCOqeq)

0 30 50 100
Full set of farms
Emissions (E(t), in MtCOseq) 365 343 332 312
Abatement (A(t), in MtCOqeq) . 21 33 53
Abatement costs (C(t), in M€) . 238 698 2,148
Only farms with positive income at 100 €/tCOqeq
Emissions (F(t), in MtCOseq) 341 320 309 290
Abatement (A(t), in MtCOqeq) . 21 32 50
Abatement costs (C(t), in M€) : 231 677 2,038

In line with the purpose of eliciting mitigation costs at the farm level, the main

variable of interest in Isbasoiu (2019) was the gross margin per representative farm.
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This raises three main issues. First, the gross margin may not perfectly align with
farm income. In particular, the gross margin provided in the simulations (sales value
minus variable costs) does not account for wages paid, depreciation of capital, land,
opportunity cost of own capital, or possible off-farm income sources. Second, a farm
may support more or less than one farmer. This raises the question of whether income
inequality should be measured per individual or per farm. Third, a recurring issue with
farm accounting data is that a non-negligible share of farms reports a negative value
of income (Piet and Desjeux, 2021; European Commission, 2021a). Although this is
not an issue per se for profit maximization, it is clearly problematic when applying
the analytical framework presented in Sections 2 and 3, which requires that both pre-
and post-policy incomes be positive. The presence of negative income values blurs the
interpretation of Lorenz curves, hinders their use in comparing income distributions
(Atkinson, 1970), and impedes to relate scheme progressivity and inequality-reducing

properties (Le Breton et al., 1996).

These difficulties lead us to make three changes to the simulation data. First,
following Piet and Desjeux (2021), we use the operating surplus as a proxy for income.
For each representative farm, we retrieved from the EU-FADN the wages paid to
workers external to the farm for each representative farm and subtracted them from
the gross margin. Total wages amount to approximately 18.1 billion €, or an average
of approximately 4,800 € per farm. Annual per-farm income averages about 41,000 €
and is characterized by a large coefficient of variation (approximately 2.4), and a

median more than three times lower than the mean (see Table 2.2).

Second, we analyze the income distribution on a per-individual basis rather than
on a per-farm basis. Thus, we retrieved the number of unpaid workers from the FADN
database to account for the number of individuals supported by the respective farm’s
income. These numbers are expressed in full-time equivalent annual workforce units
(AWU). The farms represented in the simulations occupy 4.967 million unpaid AWU.
This corresponds to an average of 1.32 unpaid AWU per farm, with values ranging
from 0.04 to 6 AWU. All variables at the farm level are normalized using the respective
number of unpaid AWU (see the right part of Table 2.2). This normalization slightly

increases the coefficient of variation and median-to-mean ratio for both emissions and
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income.

Third, we exclude farms with negative income, as is done for example in Piet
and Desjeux (2021). Approximately 3.6% of the farms represented in the model (ap-
proximately 136,300 farms) fall in this category even in the absence of an emission
tax. This share is consistent with that reported by the European Commission (2021a,
Figure 1.20, p. 24). As post-policy income must also be positive, we further restrict
the analysis to farms with a positive operating surplus for the maximum emission tax
rate (100 €/tCOqeq). This leads us to exclude 7% of the represented farms (approxi-
mately 263,500 farms), corresponding to 7.2% of the total unpaid AWU (approximately
356,100 AWU). As the initial emissions of the excluded farms are, on average, slightly
lower than that of the total population, the average initial emissions among the remain-
ing farms are slightly larger than those of the full set of farms (See Table 2.2). Over
the retained set of farms, the total initial emissions are almost 7% (ca. 24 MtCOqeq)
lower than over the full set of farms (see Table 2.3). Nevertheless, the overall relative
changes in emissions remain very close to those obtained with the full set of farms for

the range of emission tax rates presented in Table 2.3.

These modeling choices call for some discussion. First, as labor is not endoge-
nously modeled, the number of unpaid AWU per farm and the amount of wages paid
are assumed to not vary with the tax rate. Second, there are alternatives to operating
surplus as a measure of farm income (Finger and El Benni, 2021). Unfortunately, the
simulation data set did not contain the information necessary to compute the cor-
responding variables. Third, using per-farm (instead of per-individual) income and
emissions may make sense from the policymaker’s standpoint. Fourth, alternative
treatments of farms with negative income might be envisaged, for example by includ-
ing all farms and arbitrarily setting income to 0 for those with negative income or
restricting the analysis to that of a synthetic inequality index that can accommodate
negative values such as the generalized Gini index (Raffinetti et al., 2014). Fifth,
farms with extreme income values might be considered too influential and excluded
as outliers, as is done for example in Piet and Desjeux (2021). Various combinations
of normalizations and alternative treatments for farms with negative and/or extreme

income values are explored as robustness checks in Appendix C.
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5 Distributional impacts of a tax-and-rebate scheme

applied to GHG emissions from EU agriculture

We now examine the consequences of the schemes introduced in Section 2 and ap-
plied to the simulation data presented in Section 4, starting with their effects at the
aggregate level.

The results reported in Table 2.4 underscore the contrasting impacts of the
various rebate schemes on total farm income and the regulator’s budget. When no
rebate accompanies the emission tax (NR), the aggregate farm income is substan-
tially affected. It decreases by 6, 10, and 19% for emission tax rates of 30, 50, and
100 €/tCOqeq, respectively. The abatement costs represent only a small fraction of
this decrease. The loss in income is predominantly due to the tax burden on unabated
emissions, which represents more than 93% of the aggregate loss of income across the
range of tax rates. By construction, the tax burden is fully redistributed to farmers
under budget-neutral schemes (BN-CAET and BN-CRAT). As a result, the decrease
in aggregate farm income relative to initial income remains limited in that case, reach-
ing at most 1.3% of initial income for a 100 €/tCOzeq emission tax. Under the two
remaining rebate schemes (BC-CAET and AS), farmers see their income increase by
up to 3 billion € (1.8% of the total initial income) for a 100 €/tCOyeq emission tax.
The corresponding cost for the regulator’s budget reaches more than 5 billion €.

The Gini index is computed for the five rebate schemes and the full range of
emission tax rates. Although it is well known that the Gini index alone does not provide
clear-cut conclusions with regard to the ordering of income distributions (Lorenz curves
may intersect), it gives a synthetic overview of the consequences in terms of income
inequality.

The results are shown in Figure 2.2. The initial situation is characterized by
substantial income inequality, with a Gini index value of 0.673. This value is very
close to that reported by the European Commission (2021a, Tab. 1.1, p. 24) for the
year 2012 (0.67). Figure 2.2 suggests that the design of the rebate has a larger impact
on the value of the Gini index than its overall level.

Under an emission tax with no rebate (NR), the Gini index increases with the
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Table 2.4: Aggregate farm income and impacts on the regulator’s budget of the five tax-and-

rebate schemes.

Emission tax (¢, in €/tCOseq)

0 30 50 100
Income (X5(t), in M€)
NR 163,034 153,205 146,914 131,982
BN-CAET / BN-CRAT 163,034 162,803 162,357 160,996
BC-CAET / AS 163,034 163,421 163,941 166,035
Net tax revenue (G5(t), in M€)
NR . 9,598 15,442 929,014
BN-CAET / BN-CRAT . . . .
BC-CAET / AS . -618 -1,584 -5,039

Note: Income is proxied by operational surplus (see text). The scope is restricted to farms with
positive income at t = 100 €/tCOseq (3.503 million farms and 4.611 million unpaid AWU across the
EU-27).

emission tax rate, and reaches a maximum value of 0.690 for a tax rate of 100 €/tCOseq.

This finding suggests an increase in income inequality relative to the initial situation.

If the rebate is based on a constant relative abatement threshold (BN-CRAT and
AS), the Gini index remains very close to its initial value, increasing by at most 0.15%
under BN-CRAT and decreasing by at most 0.08% under AS. By contrast, if the rebate
is based on a constant absolute emission threshold (CAET), the Gini index decreases
markedly with the emission tax rate. At its minimum (for t = 100 €/tCOeq), it
reaches 0.566 and 0.549 under BN-CAET and BC-CAET, respectively, that is, more
than 10 percentage points below its initial value, and almost 15 percentage points
below that with the same tax rate but no rebate. This suggests a strong decrease in
income inequality. These findings are robust to various alternative combinations of
assumptions regarding the measure of income (per farm or per unpaid AWU), treat-
ment of farms with negative income, and exclusion of potential outliers with extreme

income values (see Figure 2.7 in Appendix C).

As a synthetic measure, the Gini index does not fully describe the policy impact
on income distribution across all income quantiles. To refine the analysis of the dis-
tributional impacts of the tax, we examine these impacts along the full distribution of

initial income, first focusing on the case of an emission tax with no rebate (NR).
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Figure 2.2: Gini index of the distribution of income (per unpaid AWU) under an emission
tax from 0 to 100 €/tCO2eq and five rebate schemes.

The Lorenz curves of individual income under the pre-policy situation and three
emission tax rates (30, 50, and 100 €/tCOqeq) are depicted in Figure 2.3 (left), along
with the associated delta Lorenz curves relative to the pre-policy situation (right).
The latter correspond to the respective changes in cumulative income share for all
quantiles (Ferreira et al., 2018). Although the resulting Lorenz curves are very close
to one another, the delta Lorenz curves show that the emission tax is unambiguously
inequality-increasing for the three considered tax rates. These findings also indicate
that the emission tax reduces (increases) the income share of the population below
(above) the 9th income decile. The larger the tax rate, the larger the loss in income
share for low-income agents.

These results can be further explored along the lines suggested by Proposition 1,
which disentangles the influence of the distribution of initial emissions and that of
abatement costs. Figure 2.4 (left) depicts the (log-transformed) distribution of indi-

vidual initial emissions with respect to initial income. It shows a significantly positive
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Figure 2.3: Lorenz curves of post-policy income (left) and delta Lorenz curves relative to the
pre-policy situation (right) of income under the no-rebate scheme and for various emission
tax rates.

association between the initial emissions (in log) and initial income (in log). The es-
timated slope of the (weighted, log-log) regression line shown in Figure 2.4 (left) is
approximately 0.87 (significant at the 1% confidence level). On average, individual
initial emissions increase slightly less than linearly with initial income. As a result,
lower-income agents tend to bear a proportionally larger tax burden than higher-
income agents. As seen in Section 3, this tends to make the emission tax regressive.
By contrast, the (log of) net loss in income per unit of initial emissions is not signifi-
cantly correlated with (log of) initial income (see Figure 2.4, right). In this context, the
regressive tendency of the emission tax cannot be compensated for by the distribution
of abatement costs.

The result that an emission tax with no rebate is inequality-increasing makes
it all the more interesting to further investigate rebate schemes, and compare their
distributional impacts for a given tax rate. For ease of exposition, we focus only on
the results corresponding to ¢t = 100 €/tCOqeq.

Figure 2.5 depicts the Lorenz curves of individual income for a 100 €/tCOseq
emission tax and the five rebate schemes (left), along with the corresponding delta
Lorenz curves relative to the pre-policy situation (right). The results confirm that

rebate designs based on a constant relative abatement threshold (BN-CRAT and AS),
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Figure 2.4: Individual initial emissions (left, in tCOgeq per unpaid AWU) and net loss in
income per unit of initial emissions (right, in €/tCOzeq per unpaid AWU) with respect to
initial income (in € per unpaid AWU) for an emission tax rate of 100 €/tCOgeq with no
rebate (NR).

Note: All variables are log-transformed. The regressions are weighted by the number of unpaid AWU.
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Figure 2.5: Lorenz curves of post-policy income (left) and delta Lorenz curves relative to the
pre-policy situation (right) of income under the five rebate designs and for an emission tax
rate of 100 €/tCOqeq.

despite their marked impacts on the level of aggregate income, have minimal effects on
income distribution relative to the pre-policy situation. By contrast, income inequality
is substantially reduced (in the Lorenz sense) when the rebate is based on a constant

absolute emission threshold (BN-CAET and BC-CAET). In this case, agents with
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income below the seventh decile see their share in the total income increase.

The ranking of the income distributions shown in Figure 2.5 is related partly to
the distribution of initial emissions (Figure 2.4, left) and partly to the distribution of
abatement costs and potential, which jointly determine the individual net loss or gain
in income under each rebate design. Figure 2.6 depicts the log of individual net loss
or gain in income per unit of initial emissions with respect to the log of initial income

for all rebate designs except NR and a 100 €/tCOqeq emission tax.

Under an abatement subsidy (AS), all agents enjoy a net gain by construction.
The larger the abatement rate that the individual can attain for a given value of ¢, the
larger the gain per unit of initial emissions. The weighted log-log regression line shown
in Figure 2.6 (AS, bottom left panel) is slightly downward sloping (estimated slope
-0.11, significant at the 1% level). Together with initial emissions increasing slightly
less than linearly with initial income, this implies that the abatement subsidy has a
very limited impact on post-policy income inequality. A similar situation prevails for
BN-CRAT (bottom right panel of Figure 2.6). In that case, some agents face a net
loss and others enjoy a net gain, but these two categories of agents are spread over the
entire spectrum of initial income, with no clear pattern indicating that agents in any

of these two categories are characterized by lower or higher initial income.

The picture is very different for rebate schemes based on a constant absolute
emission threshold (BC-CAET and BN-CAET, top panels in Figure 2.6). As initial
emissions are, on average, increasing with respect to initial income, farmers with low
(high) initial emissions tend to be also those with low (high) income. Consequently,
farmers emitting initially less than the absolute emission threshold, who unambigu-
ously gain from the policy, are more likely to also have lower initial income, whereas
farmers with initial emissions larger than the absolute emission threshold are more
likely to have a large initial income and incur a net loss. The regression lines sum-
marizing the relationship between the net loss or gain per unit of initial emissions
and initial income are resultingly much steeper under BN-CAET and BC-CAET than
under BN-CRAT and AS.

The quantitative results presented above substantiate and complement the ana-

lytical findings discussed in Section 3. The results show that agriculture can deliver
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substantial mitigation for tax rates in the range of current carbon prices. However,
if not accompanied by transfers, an emission tax would strongly affect the total farm
income, mainly through the tax burden on unabated emissions. An important finding
is that initial emissions increase slightly less than linearly with initial income. This has
a regressive impact, which is not compensated for by the distribution of abatement
costs in the absence of a rebate. Therefore, the conditions of Propositions 1 and 3
are not met, and the emission tax is inequality-increasing, all the more so that the
tax rate is high. Hence, a rebate may be appealing to the regulator. If based on
a sufficiently large constant absolute emission threshold, income inequality would be
reduced not only relative to NR (part (i) of Proposition 2), but also relative to the
initial situation (conditions of Proposition 1 are met in that case). If, for the same
impact on total income, the threshold is set proportional to farmers’ initial emissions,
the rebate would still reduce income inequality compared to NR (first case in part
(ii) of Proposition 2), but would do very little, if at all, with regard to pre-existing
inequality, and thus be Lorenz-dominated by a rebate based on a constant absolute

emission threshold (parts (iii) and (iv) of Proposition 2).
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Figure 2.6: Net loss or gain in income per unit of initial emissions for an emission tax rate
of 100 €/tCO2eq (in €/tCO2eq per unpaid AWU), with respect to initial income (in € per
unpaid AWU).

Note: All variables are log-transformed. The regressions are weighted by the number of unpaid AWU.
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6 Concluding remarks

In this study, the distributional consequences of various emission tax-and-rebate schemes

have been investigated from both analytical and empirical perspectives.

The design of these schemes differs in the form of the rebate (based on an absolute
emission or relative abatement threshold), total transfer to agents, and emission tax
rate. For the same emission tax rate, all considered designs yield the same environmen-
tal benefit, but have contrasting impacts on the level and distribution of post-policy
income, as well as on the regulator’s budget. How individual initial emissions vary
with initial income plays an important role in the distributional impacts on income
and in the relative performances of various designs with regard to income inequality.
However, this should be considered jointly with the distribution of abatement costs,

which also influences the distribution of net changes in income.

To illustrate the policy relevance of our empirical findings, consider a policy
aimed at reducing EU agricultural GHG emissions based on a social cost of carbon
of 100 €/tCOseq. Under an emission tax, total emissions would decrease by approxi-
mately 15%, from an average of about 74 down to 63 tCOsyeq per individual full-time
equivalent farmer. This suggests a substantial contribution of agriculture to the EU
objectives in terms of GHG mitigation. However, without transfers, this would de-
crease average farm income by almost 20% and increase income inequality (the Gini
index increases by almost 2 percentage points). These impacts on income are likely to

undermine the political acceptability of such a policy.

For the same environmental benefit, the regulator may find it easier to subsidize
each abatement unit. This would be equivalent to accompany the emission tax by a
transfer to each individual farmer of 100 €/tCOseq per unit of initial emissions. In
this case, farm income would increase by almost 2% on average, income inequality
would remain almost constant relative to the initial situation, and the total social
value of abatement would be fully supported by the regulator’s budget. For the same
net budget cost, income inequality could be further decreased (the Gini index more
than 12 percentage points below its initial level) if the regulator chooses to tax emis-

sions with a constant rebate based on average initial emissions. This is equivalent to
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accompany the emission tax by a lump-sum transfer of approximately 7,400 € to each
farmer. The policy could be made budget-neutral by setting the emission threshold
to 63 tCOseq for all individual farmers (equivalent to a 6,300 € lump-sum transfer).
This would still keep the Gini index 10 percentage points below its initial level. An
individualized threshold set at 85% of each farmer’s initial emissions would also ensure

budget neutrality but have a negligible impact on pre-existing income inequality.

Rebate schemes can thus be pivotal in overcoming some of the barriers to the
implementation of an emission tax that would otherwise have a strong negative and
regressive impact on farm income. This is all the more important in agriculture as
this sector is still largely left aside from the scope of climate policy instruments and is
characterized by lower income levels than in the overall population and large income
inequality. Moreover, the design of such a scheme leaves room for maneuver to the
regulator. For a given value of the marginal environmental damage, the regulator can
choose from a variety of designs, depending on social preferences regarding total farm

income, income inequality, and considerations regarding potential budget constraints.

In the absence of a policy instrument, it is impossible to directly estimate the
distributional consequences of a climate policy. In this regard, the set of simulations
used in this study is unique as it informs about the response to an emission tax at
the individual farm level with comprehensive coverage of the sector. However, these
simulations do not account for possible changes in equilibrium prices due to changes in
input and output quantities. Admittedly, this may affect the distribution of abatement
costs and potential. Nevertheless, unless the changes in equilibrium prices decrease
the net loss in income per unit of initial emissions much more for lower-income farms
than higher-income ones, an emission tax with no rebate would remain regressive and
rebates based on a constant emission threshold would still reduce income inequality.

This research can be extended in several directions. We only mention two possible
directions for future research. First, the implementation costs of these schemes can be
investigated further. Regardless of the chosen design, emissions from a large number of
agents must be monitored and reported. To reduce the associated costs in the case of an
emission tax, De Cara et al. (2018) propose exempting the smallest emitters. Such an

exemption can be easily combined with a tax-and-rebate scheme based on a constant
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emission threshold. Second, the sources of inequalities in terms of initial emissions
and abatement costs can be further decomposed according to the characteristics of
the farms, for instance with regard to their region and/or type of farming. This could
serve as a basis for designing rebate schemes based on type-of-farming- or region-
specific thresholds, which may more accurately reflect differences in terms of initial

emissions and abatement costs.
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2.A Proofs

2.A.1 Proof of Proposition 1

Using Eqgs. (2.4) and (2.10), £5(¢,y) can be expressed as:

é‘S(t’ y> = — Y _ 60<y)fs(t7 y)

Sy oy W) (2.21)

Plugging Eq. (2.21) into (2.11), and rearranging gives the conditions of the proposition.

2.A.2 Proof of Proposition 2

Consider three continuous and non-negative income distributions X', A}, and X5 with
x1 = hi(x) and zy = ho(z) both positive and monotone increasing for all x in X.
We know that X <y AX; if and only if h;(x)/x is monotone decreasing, &X; <, X
if and only if h;(z)/x is monotone increasing, X} < X, if and only if hy(x)/he(z)
is monotone increasing, and that X, <, X; if and only if hy(z)/hy(x) is monotone

decreasing (Fellman, 1976, 2016).

(i) For any given t > 0, take X = ANR X, = ABNCAET and X, = ABC-CAET with
hi(x) =z +t(Ey — A(t)), and ho(x) = x + tEp for all x in XNR. Tt is straight-
forward to verify that hy(z) > 0, ho(z) > 0, hj(x) > 0, hy(x) > 0, hy(x)/x is
monotone decreasing, hs(x)/z is monotone decreasing, and hy(z)/ho(x) is mono-

tone increasing.

(ii) If the emission tax with no rebate (NR) is (strictly) rank-preserving, i.e. if
z®(t,y) > 0 for all y and any given ¢ > 0, we can define h(z) as the inverse

function of zN®(¢,y) with respect to y such that h(z~%(¢,y)) = y.

For any given t > 0, take X = XNR X, = ABNCRAT apnd X, = X*5 with
hi(z) =x+ (1 — %z)) teo(h(z)) and with hy(z) = 2 +teg(h(x)) for all z in ANE,
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(iif)

We have that:

Ri(z) =1+ ( - A(t)> teg(h(x))h (x) (2.22)

Ey
o (z) — h(z) = ( _ f‘g?) teo(h(z)) [M:IIZEZ;?)) x:(g) 1| (2.23)

Similar relations are obtained for he(x) = x + teg(h(x)) by replacing A(t) by 0.

As eg(y) > 0, 2NR(t,y) > 0, and 0 < a(t,y) < 1 for all y and all t > 0, we have
that hy(z) and ho(z) are both positive for all z in XNR. If 2NR(¢, ) and eq(y) are
both monotone increasing with respect to y, we have that hy(x) and hy(x) are

1 . . NR . yngR(t,y) ..
also monotone increasing. Denote by " (t,y) = NR () the elasticity of post-

policy income under regime NR with respect to y. Using the definition of h(z)
and the fact that A/(x) = 1/x,(¢,y) > 0, we have that hy(z)/x and hy(x)/z are

both monotone decreasing if and only if e(y) < NR(t,y) for all y. In addition,

we have
ha () A@t)  teo(h(z))
ho(z) =1 Ey x4+ teg(h(z)) (2.24)
hl(x) ! _A(t) teo(h(x)) h($>€6(h($)) ZL‘h/(J})
<h2(x)> By (z+teg(h(x)))? eo(h(z))  h(z) 1 (2.25)

Therefore we have that hq(z)/hs(x) is monotone increasing if and only if e(y) <

ENR(¢,y) for all y.

For any given ¢, assume that the tax-and-rebate scheme BN-CAET is (strictly)
rank-preserving, i.e. zPNCAET(¢ 4) > 0 for all y. Define h(x) as the inverse

BN-CAET (t, y) )

function of x = .

For any given t > 0, take X = XBNCAET and x| = XBNCRAT with hy(2) =

BN-CAET (¢ /) with respect to y such that h(z
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x4+t (1 - %s)) (eo(h(z)) — Ep). We have that:

hi(z) =1+ ( — AE?) teg(h(x))h (x) (2.26)
, aye hw)ep(h(x)) h'(x)  eolhle)) — o
oha(z) = hle) = ( - E) te“h(“””l Wh(@) ha) | eolh(@)
(2.27)

As eo(y) > 0, aBNCAET(# ) > 0, and 0 < a(t,y) < 1 for all y and all ¢ > 0,
we have that hi(z) > 0 for all z in ABN-CAET If pBN-CAET(4 ) and eq(y) are

both monotone increasing with respect to y, we have that hy(z) is also monotone

BN-CAET
increasing. Denote by ¢BN-CAET (¢ 1)) — %’T‘M the elasticity of post-policy

income under regime BN-CAET with respect to y. Using the definition of h(z)

and the fact that h/(x) = 1/zN AT (¢, y) > 0, we have that Ay (2)/ is monotone

eo(y)%fBN'CAET(t, y) for all 3. Since we assume

increasing if and only if e(y) > =2

that e(y) > 0 and ¢BN-CAET(¢ o) > 0 for all g, this condition is readily verified
for y such that eg(y) < Ep.

(iv) The proof proceeds exactly as in (iii) by assuming that, for any given ¢, ¥B¢CAET (¢ ¢/) >

Y

0 for all y, defining h(x) as the inverse function of zB“CAET (¢ ¢) with respect
to y (h(xBECAET(¢ ) = g), and taking X = ABCCAET and A = XAS with
hi(z) = @ + t(eo(h(x)) — Eo).

2.A.3 Proof of Proposition 3

Differentiating ¢5(¢,y) with respect to t yields:

) l‘ts )
do-TB (B ) aa

Whenever £5(¢, ) is positive (negative), an increase in the tax rate leads to an increase
(decrease) in income inequality. The sign of (2.28) depends on that of the marginal
change in income z$(t,y) and on whether the marginal change in income is less or
more equally distributed than x°(¢, ).

The distribution of the marginal change in income among the total population

95



CHAPTER 2. DISTRIBUTIONAL CONSEQUENCES OF CLIMATE POLICIES:
AN APPLICATION TO EUROPEAN AGRICULTURE

can be summarized by:

:L’S —ye! S — ye ? ’
ywtst@zit’;;) == 0(y>€t_(z;?(2)€§?é y(jy M) _ e(y) +v°(t,y) (2.29)

Plugging Eq. (2.29) into (2.28) leads to the conditions given in the proposition.

2.B EU-FADN types of farming covered by the

model

Table 2.5: Classification of main types of farming from the EU-FADN.

Covered by the model

Specialist cereals, oilseeds, protein crops
General field cropping

Specialist dairying

Specialist cattle - rearing and fattening
Cattle - dairying, rearing and fattening combined
Sheep, goats and other grazing livestock
Specialist pigs

Specialist poultry

Various granivore combined

Mixed cropping

Mixed livestock, mainly grazing livestock
Mixed livestock, mainly granivores

Field crops - grazing livestock combined
Various crops and livestock combined

Ezxcluded from the model
Specialist horticulture
Specialist wine

Specialist orchards - fruits
Specialist olives
Permanent crops combined
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2.C Robustness checks
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Figure 2.7: Gini index under an emission tax from 0 to 100 €/tCOzeq and five rebate schemes
for two normalizations (per farm or per unpaid AWU) and four sets of farms: Only farms
with positive income at t = 100 €/tCOzeq, only farms with positive income at t = 100
€/tC02¢eq and excluding the top and bottom 0.5% of income, full set of farms (Generalized
Gini Index, Raffinetti et al. (2014)), full set of farms with negative income set to 0.
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Figure 2.8: Delta Lorenz curves relative to the pre-policy situation of income under the
no-rebate scheme and for various emission tax rates for two normalizations (per farm or per
unpaid AWU) and four sets of farms: Only farms with positive income at ¢ = 100 €/tCOqeq,
only farms with positive income at ¢ = 100 €/tCOqeq and excluding the top and bottom
0.5% of income, full set of farms, full set of farms with negative income set to 0.
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Figure 2.9: Individual initial emissions (in tCOgeq per farm or per unpaid AWU) for two sets
of farms: Only farms with positive income at t = 100 €/tCOqeq, only farms with positive
income at t = 100 €/tCO2eq and excluding the top and bottom 0.5% of income.

Note: All variables are log-transformed. The regressions are weighted by the number of farms or
unpaid AWU.
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Figure 2.10: Delta Lorenz curves relative to the pre-policy situation of income under the
five rebate schemes and for an emission tax rate of 100 €/tCOqeq for two normalizations
(per farm or per unpaid AWU) and four sets of farms: Only farms with positive income at
t = 100 €/tCOqeq, only farms with positive income at ¢ = 100 €/tCOzeq and excluding the
top and bottom 0.5% of income, full set of farms, full set of farms with negative income set
to 0.
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2.D Income inequality decomposition

What are the marginal contributions of farmers’ individual characteristics to the overall
income inequality? How do these contributions vary under a GHG emission tax-and-
rebate scheme? To address these questions, we apply an inequality-decomposition

framework based on the Shapley (1953) value (Chantreuil et al., 2019).

NR

Initial Situation

BN-CAET

10°€

Figure 2.11: Average regional per unpaid AWU income (k€) in the initial situation and for
five rebate schemes under an emission tax rate of 100€/tCOzeq.

Figure 2.11 depicts the regional per unpaid AWU mean income in the initial
situation and for five rebate schemes under an emission tax rate of 100€/tCOqeq. It

reveals an important heterogeneity across regions in the initial situation. Generally, per
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unpaid AWU average incomes are higher in Northern Europe (e.g. Denmark, North-
ern Germany) than in Mediterranean regions (e.g. Southern Italy, Greece). Average
income is about 150,000 € per unpaid AWU in Denmark whereas it is approximately
20,000 € in Greece. The different tax-and-rebate schemes do not strongly change the
hierarchy between North and South of Europe. However, the tax and no rebate scheme
(NR) importantly reduce the average per unpaid AWU income for some Northern re-
gions (e.g. Austria, Netherlands, Southern England). It should be noted that regional
average incomes are close to the initial situation when the tax is accompanied by a
rebate based on a constant relative abatement threshold (i.e. BN-CRAT and AS), and
close to the tax and no rebate scheme (NR) when the tax is accompanied by a rebate
based on a constant absolute emission threshold (i.e. BN-CAET and BC-CAET).

Table 2.6: Average per unpaid AWU income (k€) by type of farming in the initial situation
(IS) and for five rebate schemes under an emission tax rate of 100€/tCOqeq.

BN BC

Type of farming IS NR CAET CRAT CAET AS
Specialist cereals, oilseeds, protein crops  64.4  58.4 64.7 63.8 65.8 64.7
General field cropping 41.2  38.3 44.6 41 45.7 41.5
Specialist dairying 49.6 38.1 444 48.6 45.5 50.4
Specialist cattle - rearing and fattening 26 15.1 21.4 26.7 22.5 28.7
Cattle - dairying, rearing 281 20.6 269 279 28 20.2

and fattening combined

Sheep, goats and other grazing livestock ~ 20.1  12.9 19.2 19.2 20.3 20.3
Specialist pigs and poultry combined 20.1  15.9 22.2 19.6 23.3 20.2
Mixed cropping 11.6  10.7 17 11.5 18 11.7

Mixed livestock, mainly grazing livestock 7.9 5.9 12.2 7.7 13.3 8
Mixed livestock, mainly granivores 145 109 17.2 14.4 18.3 15
Field crops - grazing livestock combined  42.6  34.8 41.1 42.5 42.2 43.8
Various crops and livestock combined 8.2 6.7 13 8.1 14.1 8.3

Table 2.6 presents per unpaid AWU average income by type of farming in the
initial situation and for five rebate schemes under an emission tax rate of 100€/tCOsqeq.
The heterogeneity in the initial situation is less marked than for regional average
incomes. Specialist cereals and specialist dairying have the most important average
income (64,400 € and 49,600 € respectively) while mixed livestock, mainly grazing
have the lowest average per unpaid AWU income (about 7,900 €). The tax and no

rebate scheme (NR) reduces average income for all types of farming. Specialist cattle
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are the most burdened (e.g. for an emission tax rate of 100€/tCOqeq, -11,500 €

for specialist dairying, -10,900 € for specialist rearing and fattening, with respect to
the initial situation). When the tax is combined with a rebate based on a constant
absolute emission threshold (CAET), mean income increases for the lowest incomes
with respect to the initial situation (e.g. 44,300 € and +5,400 € for respectively
BN-CAET and BC-CAET, for mixed livestock, mainly grazing). Mean incomes are
similar to the initial situation when the tax is combined with a rebate based on a
constant relative abatement threshold (i.e. BN-CRAT and AS).

We then decompose farmers’ income () by region (w) and type of farming (o).
This decomposition implies to write the income of a farmer ¢ as the sum of three

elements:

Ti = Tw, + (jwi70i - jWi) + (xl - iwi,m) (230)

k3

or

Ty = Tg, + (jWi7<Ti - 'fdz‘) + (xl - iWiﬂ'i) (231)

k3

where in equation (2.30) (respectively (2.31)), the income z can be expressed as
the sum of (i) average farmers’ income in the region (respectively type of farming)
considered: z,, (respectively Z,,), (ii) the difference between this average income and
the average farmers’ income of the type of farming in the same region: (Z,, ., — Zw,)
(respectively (Zu, . — Zs,)), and (ili) an individual part associated with unobserved
characteristics (r): (x; — Zw, ;). The decomposition may start by region or type of
farming, and there is a priori no reason to choose an order over another (Chantreuil
et al., 2020). We obtain three distributions (i.e. region, type of farming and residuals),
the sum of which allows to meet the distribution of farmers’ income. We could then
apply the Shapley formula to a Gini index of different distributions where an individual
characteristic can take either its excat or average value to determine the contribution

of a characteristic j = {w, 0,7} to the overall income inequality.

(k — 1)(m — k)!

m)!

Shi= >

KCM,jeK

(G(U(K)) = GU(K —{7}))] (2.32)

63



CHAPTER 2. DISTRIBUTIONAL CONSEQUENCES OF CLIMATE POLICIES:
AN APPLICATION TO EUROPEAN AGRICULTURE

where GG is the Gini index, M is the set of farmers’ characteristics, m the car-
dinality of M, K a subset of M, k the cardinality of K. W(K) is the distribution of
farmers’ income among the subset K, defined by ¥(0)) = 0, and for all K € 2™ K # (.

U(K) =Y o]+ > @), Y 2l + 3 pula) (2.33)

jeK 2K jeK jEK

where p(x7) is the average farmers’ income from farmers’ characteristic j.

BN BC
IS NR  CAET CRAT CAET  AS
G 0673 0690 0566 0.674 0549  0.672
w  494%  478%  A78%  49.7%  478%  49.9%
(1) o 261% 275% 275% 259% 275%  25.8%
ro 245%  247%  247%  244%  247%  24.3%
w  522% 505% 50.5%  52.3%  50.5%  52.5%
(2) o 229% 244% 244%  23.0% 24.4%  22.8%
ro249%  251%  251%  247%  251%  24.7%

Table 2.7: Marginal contributions of region (w) and type of farming (o) to overall income
inequality in the initial situation and for five rebate schemes under a 100€/tCOseq emission

tax rate.
Note: The two decomposition orders are presented when beginning the decomposition by region (1)

and when beginning the decomposition by type of farming (2).

Table 2.7 details the results of the Shapley decomposition of the Gini index (G)
of the distribution of per unpaid AWU income in the initial situation and under five
rebate schemes for an emission tax rate of 100€/tCOqeq. In the initial situation,
the region importantly contributes to income inequality (49.4% to 52.2%), while the
contribution of the type of farming is more limited (22.9% to 26.1%). Both region and
type of farming explain approximately 75% of overall inequality. Under the tax and
no rebate scheme (NR), the marginal contribution of region to income inequality is
slightly reduced (47.8% to 50.5%) while the marginal contribution of type of farming
slightly increases (24.4% to 27.5%). When the tax is accompanied by a rebate based on
a constant absolute emission threshold (i.e. BN-CAET and BC-CAET), the marginal
contributions are equal to the NR scheme (the transfer of the same amount to all

individuals does not affect marginal contributions (Chantreuil et al., 2019)). When the
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tax is accompanied by a rebate based on a constant relative abatement threshold (i.e.

BN-CRAT and AS), findings are quite close to the initial situation.
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CHAPTER 3. EXTREME TEMPERATURES AND INEQUALITY: EVIDENCE
FROM FRENCH AGRICULTURE

Climate change is expected to alter the frequency of occurrence of extreme
weather events. Applying quantile regressions on French crop farmers individual cross
sectioned data over the period 2002-2017, we quantify the distributional effect of ex-
treme temperatures on farm income. Findings indicate that both hot and cold ex-
treme temperatures during the growing season may on average substantially reduce
farm income. The distributional analysis unveil (i) an important heterogeneity be-
tween farmers and (ii) opposite effects of cold and hot extreme temperatures. While
cold extreme temperatures are found to be more damaging for lowest incomes, and
hence increase inequality, hot extreme temperatures are found to be more harmful for
highest incomes, and decrease inequality. Two possible reasons for this antagonistic
impact of extreme temperatures are explored. First, there could be a crop effect: the
proportion of corn in the crop mix decreases with income, while the proportion of
rapeseed increases with income. Second, there could be a region effect: the proportion
of Northern farmers increases with income while the proportion of Southern farmers

decreases with income.
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1 Introduction!

An increasing amount of evidence from the climate-economy literature (Dell et al.,
2014) suggests that extreme temperatures may dramatically affect agricultural pro-
duction. In this direction, Schlenker and Roberts (2009) for example identify critical
temperature thresholds (e.g. 29°C for corn, 30°C for soybeans) from which yields start
to seriously decrease. In general, the study of climate shocks on agriculture consists in
estimating the marginal effect of an increase in climate variables such as temperature
(Chen et al., 2016) or precipitation (Zhang et al., 2017) on agricultural outcomes such
as land value (Mendelsohn et al., 1994) or profits (Deschénes and Greenstone, 2007).
However, very little is known on the distributional consequences of climate change on
agriculture.

The main objective of this study is to examine the potential distributional ef-
fects of extreme temperatures on French crop farmers’ income. The French case is
particularly relevant to illustrate the distributional impacts of climate change. First,
French crop production is varied, and it is the biggest crop producer of wheat, bar-
ley, rapeseed and corn in the European Union (EU).? Hence, our study can inform
on extreme temperatures consequences on crop production in mild climate regions.
Second, France is part of the European Common Agricultural Policy (CAP). On the
one hand, the major share of the CAP budget concerns farm income support. For
the EU, farm income support amounts to 38.1 billion euros (i.e. 65.2% of total CAP

3 France is the first recipient of CAP allocations with

allocations 58.4 billion euros).
10.21 billion euros in 2021. On the other hand, CAP has included redistributive goals
since its creation. Article 39 in the Rome treaty stipulates that one of the objective of
the CAP is to 7ensure a fair standard of living to the agricultural community”. This
goal of equity between farmers is reaffirmed in the new CAP that will start in 2023
with the implementation of a complementary redistributive income support mechanism.

Consequently, accounting for these distributional effects of climate shocks is crucial for

many reasons. First, distributional effects of extreme temperatures are important as

'This chapter comes from a collaboration with Clément Nedoncelle.

2Source Eurostat: https://ec.europa.eu/eurostat/fr/web/agriculture

3Source  Eurostat: https://ec.europa.eu/info/food-farming-fisheries /key-policies /common-
agricultural-policy /financing-cap/cap-funds_en
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they inform on the aggregate costs of weather shocks. Second, identifying losers and
winners from weather shocks and understanding how these differential effects emerge
allow to provide the correct public policiy response to these shocks.

Our empirical analysis combines three databases. First, we use pooled cross-
section data from the French Farm Accountancy Data Network (FADN) delivering
individual and annual survey data for approximately 7,500 French farms in a year,
representative of the French production. Second, we gather daily weather informa-
tions from MeteoFrance that we disaggregate at a municipality level. Third, we take
advantage of the European soil database (ESDB) for providing the municipality qual-
ity, altitude and slope of land.

Our findings indicate that both hot and cold extreme temperatures may be costly
for farmers. A 10% increase in cold (resp. hot) extreme degree days may cost on
average 411€ (resp. 1,123€) per year to French crop farms. Our distributional analysis
indicate opposite consequences of cold and hot extreme temperatures. While cold
extreme degree days are more harmful for poorest than richest farmers, and may
increase income inequality, hot extreme degree days are more detrimental for the richest
farmers and may decrease income inequality. Two potential channels may explain these
opposite effects: a crop effect (i.e. the proportion of corn area decreases with income,
while the proportion of rapeseed area increases with income) and a region effect (i.e.
the probability of being located in the North increases with income).

This chapter is related to three major streams of the literature, that we exten-
sively discuss in the next section. Our contribution to the literature on the heteroge-
neous impacts of weather shocks is to provide evidence on the potential distributional
impacts of extreme temperatures. To the best of our knowledge, this study is the first
attempt to quantify the distributional impacts of extreme temperatures on farmers’
income.

The remainder of the chapter is structured as follows. The literature which is
related to our study is detailed in section 2. Section 3 describes the data sources and
the main variables we use. Section 4 presents our empirical strategy. Aggregate and
distributional impacts of extreme temperatures on French crop farmers’ income are

quantified in section 5. Section 6 discusses the findings with respect to the literature
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and explores the potential reasons for explaining the distributional effects of extreme

temperatures. Section 7 concludes.

2 Related Literature

In this section we detail the main fields of research related to this study: (i) agriculture
and weather events, (ii) impacts of extreme weather events, and (iii) distributional

impacts of weather shocks.

2.1 Agriculture and Weather

Our study is broadly related to the extensive literature estimating the impact of
weather shocks on agriculture, yields and profit. This literature points towards large
negative impact of temperatures shocks, precipitations, through changes in yields and
profits. Since Mendelsohn et al. (1994) contribution, many studies have analyzed
climate and weather impact on agriculture, including among others Schlenker et al.
(2005); Schlenker and Roberts (2009); Deschénes and Greenstone (2007); Burke and
Emerick (2016); Chen et al. (2016); Zhang et al. (2017); Fezzi and Bateman (2015);
Ortiz-Bobea (2020).

For example, Moore and Lobell (2015) while focusing on Europe, show that
temperature and precipitation trends since 1989 have reduced wheat and barley yields
(-2.5% and -3.8% respectively) and have slightly increased maize and sugar beet yields.
Closer to the geographical scope of our study, Gammans et al. (2017) suggest that
French crop yields may be negatively affected by climate change.

Finally, most of these articles draw implications on future weather impact using
past, historical data. The implicit assumption is that past weather shocks inform on
the economic costs of climate change (Kolstad and Moore, 2020). We build on this
literature by estimating the effect of extreme temperatures on French crop farmers’

income.
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2.2 Extreme weather events impact

Our work also contributes to the growing literature on extreme weather impacts, in
particular on agriculture (Botzen et al., 2019). Whereas most of the seminal contri-
butions in the field used fluctuations in temperatures or precipitations to assess the
impact of weather shocks, recent progress has been made regarding the effect of ex-
treme events. Climate projections tell us that changing extreme weather patterns are

likely to be more frequent (Stephenson et al., 2008).

Following Jahn (2015), extreme events can be defined by occurrence extremity
and/or by impact extremity: in the former case, the probability to observe the event
is rare, whereas in the latter, the event has severe impacts. In our study, we focus
on the former definition: extreme events are also rare events (independently of their
impacts). Jahn (2015) provides a typology of events that can be considered as extreme:
they include floods, droughts, heat waves, cold waves or storms (Strobl, 2011; Hsiang,
2010). A review of the diverse economic impacts of natural disasters is provided in

Botzen et al. (2019).

The main difficulty that arises when estimating the economic impact of extreme
weather events is that standard econometric approaches provide the marginal impacts
of a marginal change in weather. Yet, extreme weather events are by nature non-
marginal events. To overcome this, many recent articles use up-to-date event-study
methodologies to assess the impacts of such events. Examples include Cavallo et al.
(2011); Martincus and Blyde (2013); Gassebner et al. (2010); Paudel and Ryu (2018);
Groger and Zylberberg (2016); Hamano and Vermeulen (2019).

In the present chapter, we take a different stand and go back to marginal measures
of weather shocks. Details are presented in section 3: our main measure of extreme
events is the sum of degree days with extreme temperatures. It allows us to estimate
the marginal impact of an additional extreme degree day. We go back a standard
estimate of the marginal impact of an event (the marginal degree day of extreme

temperature).
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2.3 Distributional impacts of weather shocks

Our study builds upon recent development in the identification of the distributional
effect of weather shocks. There is an emerging empirical literature on the heterogeneity
of climate change effects. Early literature identified heterogeneous impact across coun-
tries (Mendelsohn et al., 2006) whereas recent literature tends to identify distributional

impact even within each country (Hsiang et al., 2019).

These distributional effects usually manifest through heterogeneous damages
across groups or nonlinear marginal damages along group characteristics (Hsiang et al.,
2019). Regarding the impact of weather shocks on agriculture, the literature has tried
to identify the sources of these heterogeneities. Among others, Annan and Schlenker
(2015) find that crop insurance reduces farmers’ adaptation to extreme heat in the
US. Hornbeck (2012) shows that the adjustment to the 1930s American Dust Bowl
occured predominantly through large relative population declines rather than through
agricultural adjustments (away from less productive crops or activities). In the Ogal-
lala aquifer region, Hornbeck and Keskin (2014) show that after the introduction of a
new irrigation technology, land use adjusted toward water intensive crops and drought
sensitivity increased. On the contrary, locations without access to groundwater were

more drought resistant.

Recently, DePaula (2020) estimates interquantile regressions of land value on
climate using agricultural census data in Brazil. Temperatures shocks are more detri-
mental to high-quality (unobserved) land, whereas preicipitation have the opposite
heterogeneous effects. In another recent contribution, Malikov et al. (2020) estimate
that, in the US, between 1948 and 2010, a given weather shock has larger, negative
magnitudes at the lower yield quantiles, leading to negative distributional effects across

yields quantiles.

In terms of methodology, these differential effects of climate shocks have mainly
been identified using quantile regression estimators. Another less demanding approach
would be to use interaction terms between weather shocks and farms characteristics to
identify the heterogeneous effects. This approach has been used in a variety of context

to understand the differential effects of a common shock across individuals, countries,
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regions or setups.? The main difficulty lies in the choice of the farms characteristics.
Another issue is that the conditional relationship between the outcome and farm char-
acteristics is assumed to be linear in the firm caracteristics. In a sense, relaxing these
assumptions comes at the costs of the estimation difficulty in quantile regressions. The
present study builds on recent advances in econometrics regarding the identification of
quantile regression models, see e.g. Chernozhukov and Hansen (2005); Angrist et al.
(2006). In particular, we control for unobserved heterogeneities using various fixed
effects in a quantile regression framework. To do that, we leverage on the approach
in Machado and Santos Silva (2019) and applied in Machado et al. (2021), which in-
directly estimates quantiles via moment and allows for non linear specifications (thus

abstracting from the incidental parameter problems, see e.g. Koenker (2004)).

3 Data sources and main variables

We use a dataset combining information at the farm level, daily weather informations
and soil data at the municipality level. Our study focuses on the period from the year

2002 to 2017.

3.1 Weather informations

Extreme Temperatures We gather observed daily weather informations from
Meétéo France for the entire period. These are daily data available at a 8km x 8km
SAFRAN grid, obtained from 554 weather stations across Metropolitan France and
interpolated by the Centre National de Recherches Météorologique (CNRM). We dis-

° Data include daily mean

aggregate the data into municipality-level informations.
temperatures, precipitations (including rain and snowfalls), and other weather out-
comes. We consider the twelve years 1988-1999 as the municipality-specific climate

reference. For each city 7, we range all daily temperatures observations and identify

4A seminal article is this direction is Rajan and Zingales (1998). This article provides evidence
that financial development is important for economic development by documenting that industrial
sectors that are more dependent on external finance grow faster in countries with a high level of
development. This estimation highlights interactions between financial development and dependency
on external finance.

5Variables in the SAFRAN grid are representative on average for 4 municipalities.
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specific thresholds in the distribution, T7,.;. Our baseline measures are the 10" and

the 90" percentiles of the observed distribution of temperatures, denoted T30, and

i,re

T respectively. These are the city-specific temperatures thresholds above which ob-
served temperatures—outside the reference period—are considered as extreme. Indeed,
we consider that temperatures that are outside of this interval are unlikely events,
consistently with the main definition of an extreme weather event (Stephenson et al.,

2008).

Outside this reference period, we compute at the city-year t level, extreme degree
days during the growing season (Deschénes and Greenstone, 2007) by calculating the
cumulative sum of degree days that can be considered as extreme. Hence, we define
H? as the extreme degree days when temperatures were above the 90 percentile of

observed past temperatures:

Hi? =3 (T — Tine) for all Ty yy > T (3.1)

i,ref ref
k

where k is a growing-season day, from April 1st to September 30th (Deschénes
and Greenstone, 2007), and where T} ;; is the average temperature for day & in munic-

ipality 4. In the same way, cold extreme degree days—C}’—are expressed as:

CR =3 (T — Th.) for all Ty < T} (3.2)

i,ref ,ref*
k

Other Weather Events Our data also allows us to identify other weather
shifts that may have an impact of farmers’ revenues. In particular, we compute average
degree days—M,""~that corresponds to the sum of degree days when temperatures
were comprised between the 10*" and the 90" percentiles of the observed distribution

of temperatures:

M7 =3 (T — i) for all n??ef > Thir > T (3.3)

i,ref i,ref
k

Finally, we capture cumulative precipitations over the growing season. All data

are aggregated by city-year.
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3.2 Farms accountancy informations

We combine the weather data at the city level with information on farmers’ activities
from the Farm Accountancy Data Network (FADN) dataset. We rely on the French
sample of farms included in the european FADN: it provides for the studied period
(i.e. 2002-2017), individual and annual survey data for 18,546 French crop farms, so
approximately 1,156 crop farms per year. In FADN, farms are localised at the city
level, allowing us to match this data with weather data. We thus know the weather

conditions faced by farmers depending on their city.

Farmers’ incomes For each farm, information regarding their activities, their
inputs, their output values, are available and allow us to estimate an income for farm-
ers. Following Piet and Desjeux (2021) we define income as the operating surplus—i.e.
the total output plus the current subsidies, minus taxes and the total intermediate
consumption—of the farm. We also present the results taking a per-individual ba-
sis by normalizing the operating surplus by the number of unpaid annual workforce

units (AWU) of the farm.

3.3 Land quality informations

An analysis on the effects of climate of farmers’ income may not be exhaustive without
soil informations. Hence, we rely on the European soil database (ESDB) produced by
the joint research centre Panagos et al. (2012). Data initially available at a grid
with cell sizes of 10km x 10km for a large number of soil related parameters, are
disaggregated to obtain the information at a municipality-level. It provides important
soils characteristics such as altitude, slope, and proportions of land quality in five class

of texture, presented in 3.1.

3.4 Descriptive statistics

In this section we aim at providing some descriptive statistics concerning extreme
temperature events and farmers’ income. We also explain the restrictions applied on

our dataset.
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Table 3.1: French class of soil texture.

Class texture Clay Sand

Coarse more than 18% less than 65%
Medium between 18 and 35% more than 15%
Medium fine more than 35% more than 15%
Fine between 35 and 60%
Very fine more than 60%

Evolution of Extreme Events Figure 3.1 plots the average extreme degree

days experienced by farmers, left: hot extreme degree days (H;°) and right: cold ex-

treme degree days (C}°). On the one hand, our measures display year-to-year fluctua-

tions in extreme events: indeed, we capture the 2003 European heat wave as expected,

as well as the cold winter 2010-2011 in Europe. On the other hand, there seems to

be a trend towards an increase in both hot and cold events over time, which can be

interpreted as a manifestation of a climate change. It should be noted that extreme

degree days experienced by the farmers present in the data are close from extreme

degree days for all France (See Appendix A). This suggests that our farmers are ran-

domly distributed over the country, as extreme temperatures they face are on average

representative of extreme temperatures all over France.
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Figure 3.1: Average annual extreme degree days experienced by farmers, left: hot ex-
tremes (H°), right: cold extremes (C°).

Note: Error bars represent standard deviation.
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Table 3.2: Descriptive statistics of income for two normalizations and two sets of farms.

Per farm Per unpaid AWU

mean s.d. min med. max mean s.d. min med. max

Full set of farms
Income (k€) 83.4 70.7 -93.1 66.7 9383 66.0 584 -303.8 54.8 1,162

Restricted set of farms with positive income and positive extreme degree days
Income (k€) 85.7 68.2 0.0 688 700.7 67.3 53.2 0.0 56.3 1,162

Note: Income is proxied by operational surplus (see text). AWU: Annual Workforce Unit; Full set
of farms: 17,267 farms and 22,575 unpaid AWU; Restricted set of farms with positive income and
positive extreme degree days: 13,465 farms and 17,725 unpaid AWU.

Data restriction We apply two restrictions to our dataset. First, we drop
out from the analysis farmers that did not experience any extreme degree days. It is
possible that, during a growing season that may be locally particularly soft, farmers did
not face extreme temperatures. Note that we also drop out the year 2003, exceptionally
hot with respect to other years. Second, our analysis only concerns positive incomes.
It is difficult to give an economic interpretation of negative incomes as their existence
is mainly due to accounting procedure. Hence, it complexifies both the analysis on (i)
aggregate weather impacts on income, and (ii) the distributional effects of weather.
Negative incomes represent approximately 2.6% of our dataset. In accordance with
De Battisti et al. (2019), we remove negative incomes from initial sample. Closest to
our study, this restriction is also in line with DePaula (2020) which excludes farms
with a gross revenue of less than 10 times the annual minimum wage.

Table 3.2 depicts the descriptive statistics of income for both (i) initial and
(ii) restricted datasets. The removal of some farms does not significantly change the
descriptive statistics. It slightly increases the median and the mean. For instance,
taking a per farm basis, average income is 83,400 € for the full set of farms whereas it
is 85,700 € for the restricted set of farms. It should be noted that the data restriction
also slightly decrease the Gini index. For example, concerning the distribution of farm

income, it goes from 0.43 for the full set of farms to 0.41 to the restricted set.

Farms statistics Table 3.3 depicts the repartition of the farms across four

parts of France. The geographical repartition is quite heterogeneous, North-East of
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Table 3.3: Regional repartition of restricted sample.

Part of France Number of farms Proportion

South-East 1,491 8.6%
South-West 4,149 23.8%
North-East 8,054 46.2%
North-West 3,728 21.4%

France is the most represented part (46.2%) as this contains important crop producing
regions (e.g. Tle—de—France, Grand Est). The North is logically more represented than
the South (approximately 70% vs 30%).

4 Empirical Strategy

This section is devoted to the presentation of our empirical specifications. First we
present our specification for estimating aggregate impacts of extreme temperatures
on farmers’ income. Second, we present our strategy for assessing the distributional

impacts of these weather shocks.

4.1 Impact of extreme temperatures on farmers’ income

To estimate the marginal effect of farmers exposition to extreme temperature events,

we run the following OLS general model:

Yiite = Bo + BLH + 82030 + v X + 6 Xy + 0 + Mg + € (3.4)

where y; ;)¢ is income for farmer j, located in city ¢, in year ¢, H})? and C}° are
the two extreme degree days. 1 and [y are coefficients of interests and capture the
marginal impact of respectively hot and cold extreme degree days on farmers’ revenues.
We include in X;; some control variables regarding the farm characteristics (e.g. land
surface, perceived subventions, input consumption) and X;; includes city-specific vari-
ables that all affect farmers’ income (e.g. other weather events, soils characteristics).
We include a control variable for the year o; to exclude macro-level schoks that may

affect all farmers in France in a specific year and a département d variable \; to absorb
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unobserved geographical variance across farmers. In metropolitan France, there are
97 départements. On average, a département covers 5000 km?, so around 70 km x 70

km.

We expect to estimate negative 8 and negative 35 as the increase of extreme de-
gree days should deter farmers’ revenues on average, controlling for other determinants

of income.

4.2 Distributional impacts of extreme temperatures

Beyond the average effect of extreme temperatures, we estimate the distributional
effects of these extreme degree days on farmers’ income. To this purpose, we adopt a
linear quantile regression approach. See e.g. Koenker and Hallock (2001) for a review.

Our specification is defined as follows:

Qyx(7|X) = for + XBr (3.5)

where y is the farmer’s income, X" is the vector of covariates we include in the
linear model (3.4), Qyx is the conditional quantile function of y given X and 7 € (0, 1)
is a quantile. [, are the coefficients capturing the marginal effect of covariates on
farmers’ income across quantiles. Quantile regressions allow to inform on the variation
of each quantile, respecting to the variable of interest. For instance, the estimate [y,
corresponds to the change of 7% of the conditional distribution of income following an
increase of one unit of X, all other things being equal. A particular attention is paid
to (1, and Bs,, providing informations on the marginal impact of respectively hot and

cold extreme degree days on farmers’ income, along the distribution.

5 Results

This section depicts our results. We first present aggregate results and then turn into

the distributional analysis.
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5.1 Extreme weather events impact on revenues

Table 3.4 presents our OLS estimation results on the marginal effects of extreme degree
days (bottom and top 10%) on farmers’ income. Column (1) shows the result of the
average effect of a variation in weather variables (i.e. cold and hot extreme degree
days, average degree days, and liquid precipitations), as well as the year and the
French département on per farm income. We find that both extreme degree days (i.e.
hot and cold) are associated with a negative impact on income. The effect is unrelated
to other weather shocks (e.g. precipitations) and purged from the normal effect of
average degree days. For hot extreme degree days (H;°), the coefficient is equal to
-0.083, significant at a 1% level, whereas for cold extreme degree days (C}), it is equal
to -0.024, significant at a 10% level. Hence, hot extreme degree days seem to be more

harmful than cold ones.

In columns (2) to (4), we successively add controls that could explain the sample
variation of our dependent variable. In column (2), we control for variables linked
to the size of the farm (i.e. the subventions perceived by the farm, the land surface)
and for the irrigated land surface. We add land quality informations in column (3)
by controling for the slope and for the soil texture. In column (4) we add spending
on chemical fertilizers and fuel. The coefficients estimating the effects of hot and cold
extreme degree days on income slightly increase when adding control variables. In
column (4), when we account for the most control variables, the model explains an
important part of income (i.e. R-squared of 0.508). The average elasticity of Hj°
with respect to income is -0.131 and the average elasticity of C}? with respect to
income is -0.048. Both are significant at a 1% level. It should be noted that we also
find a significant effect of other weather variables (i.e. average degree days, and liquid
precipitations). Note that we also find an elasticity of liquid precipitations with respect

to income equal to 0.120.

As robustness checks, several estimation results are presented in appendix B. For
instance, we change the dependant variable, normalizing the income by the number of
unpaid AWU or using the farm economic gross production (i.e. total output). We also

examine the marginal effect of bottom and top 5% extreme degree days. The negative
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impact of cold and hot extreme degree days, and the value of estimates is robust.

To summarize, the negative impact of an increase in cold and hot extreme degree
days on farms income holds when controlling for a set of variables regularly used in
the literature to estimate the effect of weather on agriculture (e.g. various inputs, land
quality, irrigation). The coefficient of H stands at -0.131, and the coefficient of C'}?
is -0.048 (column (4)). Both are significant at the 1% level.

This implies that a 10% increase in hot (resp. cold) extreme degree days is
associated with a decline in income of 1.31% (resp. 0.48%). Thus, average per farm
income over the period is 85,700 €, and a 10% increase in H;° implies a decline of
about 1,123€ per farm, and a 10% increase in C'}? implies a decline of about 411€ per
farm.

These results suggest that an increase in cold and hot extreme temperatures
is associated with a reduction in farms’ income. We now turn to the distributional

analysis of extreme degree days.

5.2 Distributional impacts of extreme temperatures

In this section we analyze the distributional impacts of extreme temperatures on farm
income. We apply quantile regressions to our OLS specification.

Figure 3.2 illustrates the quantile regression estimation results for hot extreme
degree days. Hot extreme degree days (H;", left) have a negative impact for all quan-
tiles. This indicates that these weather shocks globally shift down the distribution
of income. The effect of H" is constant up to the fifth decile and then decreases.
When controling for other variables, the reduction of the first decile of the conditional
distribution of income following an increase of one hot extreme degree day is -0.125
whereas it is -0.15 for the 9**. Hence, farm income dispersion decreases when hot
extreme degree days increase.

Figure 3.3 illustrates the quantile regression estimation results for cold extreme
degree days on farms’ income. Cold extreme degree days (C}°, right) have a negative
impact for incomes below the eighth decile, they have a slightly positive (close to
0) non-significative effect for the top 20% of income. Contrary to Hj°, the effect

of C? increases across quantiles. All other things being equal, the reduction of the
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Table 3.4: Estimation results.

Dependent variable:

log(farm income)

(1) (2) (3) (4)
log(H) —0.083"*  —0.164"*  —0.154**  —0.131***
(0.014) (0.011) (0.011) (0.010)
log(C19) —0.024* —0.031*** —0.025* —0.048"**
(0.014) (0.010) (0.010) (0.010)
log(M;;*~%) 0.470** —0.494*  —0.357"*  —0.328***
(0.118) (0.087) (0.088) (0.086)
log(precipitations) 0.049 0.178* 0.216** 0.120*
(0.035) (0.026) (0.026) (0.026)
log(subventions) 0.230™* 0.233** 0.205*
(0.015) (0.015) (0.015)
log(land surf.) 0.816™** 0.805*** 0.510*
(0.017) (0.018) (0.021)
irrig. land surf. 0.00001***  0.00001***  0.00001***
(0.00000) (0.00000) (0.00000)
log(slope) —0.033**  —0.026"**
(0.004) (0.004)
Soil text. coarse —0.166** —0.134%
(0.073) (0.071)
Soil text. medium 0.005 0.032
(0.069) (0.067)
Soil text. medium fine 0.032 0.068
(0.067) (0.066)
Soil text. fine —0.034 0.006
(0.068) (0.067)
log(fertilizer cons.) 0.133*
(0.010)
log(fuel cons.) 0.191*
(0.009)
Year X X X X
Département X X X X
Observations 13,465 13,465 13,465 13,465
R? 0.022 0.477 0.482 0.508
Adjusted R? 0.021 0.477 0.482 0.507

Note:* ** *** is the significancy at 10%, 5% and 1% respectively.
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Figure 3.2: Quantile regression estimates for hot extreme degree days (H.P).

Note: The grey ribbon represents standard deviation. The red lines represent the standard OLS
estimate (plain) and standard deviation (dashed).
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Figure 3.3: Quantile regression estimates for cold extreme degree days (C;).
Note: The grey ribbon represents standard deviation. The red lines represent the standard OLS
estimate (plain) and standard deviation (dashed).

first decile of the conditional distribution of income following an increase of one cold

extreme degree day is -0.09 whereas it is 0.005 for the 9. The dispersion of farm
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income increases when cold extreme degree days increase.

As a robustness check (see appendix C), we perform quantile regressions when
changing the dependant variable (i.e. income per unpaid AWU, farm gross production).
Findings seem robust. Note that the opposite distributional effects of hot and cold

extreme degree days are particularly marked on the gross production.

Liquid precipitations

020
|

Estimates
015
|

0.05
|

0.2 04 06 08
Income quantiles

Figure 3.4: Quantile regression estimates for liquid precipitations.
Note: The grey ribbon represents standard deviation. The red lines represent the standard OLS
estimate (plain) and standard deviation (dashed).

Figure 3.4 presents the quantile regression estimation results for liquid precipi-
tations on farm income. Liquid precipitations have a positive impact for all quantiles.
This indicates that these weather shocks globally shift up the distribution of income.
The effect of liquid precipitations increases up to the third decile. When controling for
other variables, the augmentation of the third decile of the conditional distribution of
income due to an increase of one unit of liquid precipitation is 0.11 whereas it is 0.17

for the 9t".
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6 Discussion

In this section we first discuss the potential impact of extreme temperatures and
climate change on inequality. Second, we provide some arguments that may explain
the observed distributional impacts of extreme temperatures. Third, we discuss the

consistency of our findings with respect to the literature.

Our findings indicate that both cold and hot extreme degree days have a negative
impact on farms income, but they have opposite distributional effects. On the one
hand, by hurting more the lowest incomes than the highest ones, an increase in cold
extreme temperatures may increase income inequality. On the other hand, extreme
heat appears to be more damaging for highest incomes than for lowest ones. An

increase in hot extreme temperatures may decrease income inequality.

Thus, one may be tempted to say that climate change, by increasing the frequency
of occurrence and the intensity of hot extreme temperatures, is likely to decrease
income inequality between French crop farmers. However, the effect of climate change
on cold extreme temperatures is unclear (Stephenson et al., 2008). By increasing
the variance of the distribution of temperatures, climate change may also increase
either the probability or the intensity of cold weather events. Also, a warm winter
followed by intense late frosts occuring in the beginning of the growing season may be a
consequence of climate change (Augspurger, 2013). This phenomenon, that happened
in Europe in past recent years, may be particularly harmful for agriculture (Castel

et al., 2017).

Figure 3.5 depicts the proportion of area allocated to major crops on the left, and
the regional proportion on the right, both by income deciles. The proportion of area
allocated to wheat is quite constant across income deciles (about 45%). However, area
allocated to rapeseed increases with income, whereas area allocated to corn decreases
with income. On the one hand, for the bottom 10% incomes of the population, corn and
rapeseed represent respectively 25.6 and 14.0% of the land area. On the other hand, for
the top 10% incomes of the population, corn and rapeseed represent respectively 14.0
and 23.3% of the land area. This could be a potential explanation to the distributional

impacts of extreme temperatures. Corn may be more affected by cold extremes, while
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Figure 3.5: Proportion of area allocated to four major crops by income deciles (left), and
regional proportion by income deciles (right).

rapeseed may be more affected by hot extremes. Another potential reason for the
distributional impacts may be a region effect. The more the income increases, the
more the probability of being a farmer from the north of France increases. Southern
farmers represent 53.5% of the bottom 10% of incomes whereas they represent only
15.1% of the top 10% of incomes. Hence, farmers from the south may be more sensitive
to cold extremes, as this part of France is the hottest one. On the contrary, Northern
farmers may be more affected by hot extreme temperatures, as they are used to quite

cold temperatures.

In line with the vast majority of studies assessing the effect of climate change
on crop production, we find that extreme heat may have a detrimental effect on both
production and income. These studies include Lesk et al. (2016); Asseng et al. (2014);
Schlenker and Roberts (2009). For example, Lesk et al. (2016) indicate that droughts
and extreme heat significantly reduced national cereal production across the world
by 9 to 10%. We find that a 10% increase in hot extreme degree day may decrease
the average production by 0.67%. Closest to the scope of our study, Gammans et al.
(2017) also identify negative impacts on the French crop production for both hot and
cold extreme temperatures. For instance, they find a significantly negative impact of

temperatures above 32°C on crop yield growth with respect to freezing, suggesting heat
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sensitivity. We also find that hot extreme temperatures may be more harmful for crop
prodution than cold extremes. Estimates are on average -0.067 for hot extreme degree
days versus -0.015 for cold extreme degree days. Very few studies attempt to estimate
the potential distributional impacts of weather shocks. However, our findings may
be compared with results from DePaula (2020). Studying the distributional impacts
of climate on Brasilian land quality, the author finds that a 1°C of warming is more
detrimental to farms with high-quality land, and that an increase in temprature could
reduce inequality. He also finds that a 100-mm decrease in annual precipitation is more
damaging to low-quality land, and may increase inequality. These results are quite in
accordance with what we present here, an increase in exposure to extreme heat may
be more damaging for high incomes, and may reduce income inequality. An increase
in liquid precipitations may benefit more to high incomes than low incomes. It should
be noted that unlike DePaula (2020) stating that an increase in temperatures may be
more harmful to warm places, we find that farms suffering the most from an increase

in extreme heat are in the coldest part of the country (i.e. the North of France).
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7 Conclusion

An extensive empirical literature attempts to assess the effect of temperatures and/or
precipitation on agricultural outcomes. The present study contributes to this research
by estimating the distributional effect of both cold and hot extreme temperatures on
French crop producers income.

Our work indicates that extreme temperatures are damaging for farmers. On
average, we estimate that an increase in 10% of hot (respectively cold) extreme de-
gree days may reduce per farm income of 1.31% (resp. 0.48%). Quantile regression
estimations show that cold and hot extreme degree days have contrary distributional
implications. Damages from cold extreme temperatures are decreasing with income
and may increase farm income inequality, whereas damages from hot extremes are in-
creasing with income and may decrease income inequality. We argue that two possible
reasons may explain these antagonistic distributional impacts of extreme tempera-
tures. First, the proportion of area allocated to corn (resp. rapeseed) reduces (resp.
increases) with income. Corn could be then more affected by cold extremes while
rapeseed could be more affected by hot extremes. Second, the probability of living in
the North of France is increasing with income. Farmers from the North (resp. South)
may be more sensitive to hot (resp. cold) extreme temperatures, as this part of France
is the coldest (resp. hottest) one.

This work could be extended in several directions. First, one may be intrigued
by future distributional impacts of extreme temperatures on agriculture. This study
could serve as a basis for implementing extreme temperatures projections from climate
scenarios, and hence quantify the consequences of a future increase in extreme tem-
peratures. Second, it could be of major interest to study the potential adaptation to
extreme temperatures. Are there practices set up by farmers that may soften these

extreme shocks?
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3.A French extreme degree days.
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Figure 3.6: French average annual extreme degree days, left: hot extremes (H;°), right: cold
extremes (C}).
Note: 36,608 metropolitan French municipalities are taking as a basis. Error bars represent standard

deviation.
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3.B Robustness checks: OLS estimation results.

Table 3.5: Estimation results.

Dependent variable: log(farm income)

(1) 2) (3) (4)
log(H) —0.066™*  —0.086™*  —0.082"*  —0.063"**
(0.009) (0.007) (0.007) (0.007)
log(C5) —0.023"*  —0.031"** —0.029** —0.043"*
(0.007) (0.005) (0.005) (0.005)
log(M;,°) 0.154 —0.7627*  —0.574™*  —(0.512**
(0.139) (0.102) (0.106) (0.103)
log(precipitations) 0.081* 0.215"* 0.251 0.153"**
(0.035) (0.026) (0.026) (0.025)
log(subventions) 0.233"** 0.235"* 0.206™**
(0.015) (0.015) (0.015)
log(land surf.) 0.811*** 0.801** 0.503***
(0.017) (0.018) (0.021)
irrig. land surf. 0.00001***  0.00002***  0.00001***
(0.00000)  (0.00000) (0.00000)
log(slope) —0.032"**  —0.026"**
(0.004) (0.004)
Soil text. coarse —0.162** —0.134*
(0.073) (0.071)
Soil text. medium 0.006 0.030
(0.069) (0.067)
Soil text. medium fine 0.032 0.066
(0.068) (0.066)
Soil text. fine —0.024 0.010
(0.069) (0.067)
log(fertilizer cons.) 0.135"**
(0.011)
log(fuel cons.) 0.194***
(0.009)
Year X X X X
Département X X X X
Observations 13,465 13,465 13,465 13,465
R? 0.019 0.476 0.480 0.507
Adjusted R? 0.018 0.475 0.480 0.506

Note:* ** *** is the significancy at 10%, 5% and 1% respectively.
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Table 3.6: Estimation results.

Dependent variable: log(farm gross production)

(1)

(2)

(3)

(4)

log(H}) —0.021"  —0.093"*  —0.084**  —0.067***
(0.010) (0.004) (0.004) (0.004)
log(C19) 0.004 —0.003 0.002 —0.015***
(0.009) (0.004) (0.004) (0.004)
log( MA"99) 0475 —0.402"**  —0.286** = —0.264"*
(0.081) (0.036) (0.036) (0.034)
log(precipitations) —0.004 0.113*** 0.139*** 0.072***
(0.024) (0.011) (0.011) (0.025)
log(subventions) 0.131% 0.133* 0.115**
(0.006) (0.006) (0.006)
log(land surf.) 0.808** 0.800** 0.582**
(0.007) (0.007) (0.008)
irrig. land surf. 0.00002***  0.00002***  0.00002***
(0.00000)  (0.00000)  (0.00000)
log(slope) —0.020™*  —0.015"**
(0.002) (0.001)
Soil text. coarse —0.140™*  —0.118"**
(0.030) (0.028)
Soil text. medium —0.104*  —0.086"**
(0.028) (0.026)
Soil text. medium fine —0.085"** —0.062*
(0.028) (0.026)
Soil text. fine —0.153" —0.118"**
(0.028) (0.026)
log(fertilizer cons.) 0.127*
(0.004)
log(fuel cons.) 0.111%=
(0.004)
Year X X X X
Département X X X X
Observations 13,465 13,465 13,465 13,465
R? 0.010 0.808 0.812 0.840
Adjusted R? 0.009 0.808 0.812 0.840

Note:* ** *** is the significancy at 10%, 5% and 1% respectively.
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Table 3.7: Estimation results.

Dependent variable: log(per unpaid AWU income)

(1) (2) (3) (4)
log(H) —0.095  —0.158"*  —0.144"*  —0.122***
(0.014) (0.011) (0.011) (0.011)
log(C19) —0.028**  —0.033***  —0.024** —0.045***
(0.013) (0.011) (0.011) (0.011)
log(M;2~%°) 0.286*** —0.446**  —0.254** —0.226***
(0.111) (0.093) (0.094) (0.093)
log(precipitations) 0.0001 0.097** 0.144* 0.058**
(0.033) (0.028) (0.028) (0.028)
log(subventions) 0.186*** 0.190** 0.165**
(0.016) (0.016) (0.016)
log(land surf.) 0.615** 0.597** 0.323**
(0.019) (0.019) (0.022)
irrig. land surf. 0.00001**  0.00001*** 0.00000
(0.00000)  (0.00000) (0.00000)
log(slope) —0.034**  —0.028"**
(0.004) (0.004)
Soil text. coarse —0.273** —0.244***
(0.078) (0.077)
Soil text. medium —0.148"* —0.124*
(0.074) (0.072)
Soil text. medium fine —0.088 —0.056
(0.072) (0.071)
Soil text. fine —0.219** —0.179*
(0.073) (0.072)
log(fertilizer cons.) 0.138*
(0.011)
log(fuel cons.) 0.161*
(0.010)
Year X X X X
Département X X X X
Observations 13,465 13,465 13,465 13,465
R? 0.019 0.319 0.326 0.350
Adjusted R? 0.018 0.318 0.325 0.349

Note:* ** *** is the significancy at 10%, 5% and 1% respectively.
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3.C Robustness checks: Quantile regression esti-

mation results.
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Figure 3.7: Quantile regression estimates for hot extreme degree days (H’), cold extreme
degree days (Cz-lto), and liquid precipitation on farms gross production.

Note: The grey ribbon represents standard deviation. The red lines represent the standard OLS
estimate (plain) and standard deviation (dashed).
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Figure 3.8: Quantile regression estimates for hot extreme degree days (HJ’), cold extreme
degree days (C’#)), and liquid precipitation on per unpaid AWU farmers income.

Note: The grey ribbon represents standard deviation. The red lines represent the standard OLS
estimate (plain) and standard deviation (dashed).
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CHAPTER 4. DISTRIBUTIONAL IMPACTS OF AUTONOMOUS
ADAPTATION TO CLIMATE CHANGE FROM EUROPEAN AGRICULTURE

Farmers facing a durable change in climate conditions may autonomously adapt
through the intensive margin, the extensive margin, or through the adoption of new
practices. Relying on a soft-coupling between a micro-economic model of European
agriculture (AROPAj) and a crop model (STICS), this chapter investigates the po-
tential distributional impacts of farm-level autonomous adaptation to climate change
within European Union. Considering the representative concentration pathway (RCP)
4.5 from the second report on emission scenario, assessment report 5 (SRES AR5), we
implement two levels of autonomous adaptation for farmers, and three time horizons.
Findings indicate that, ceteris paribus, climate change may lead to a worse situation
than the present one in terms of social welfare, in the short-term horizon but to a
better situation in the long-term horizon due to (i) a stable income share for bottom
quantiles and (ii) an increase in total income. Applying an inequality decomposition
method based on the Shapley value, we show that income inequality is largely ex-
plained by farmers region and type of farming. Climate change slightly modify the

marginal contributions of these two characteristics to overall income inequality.
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1 Introduction!

As agriculture is highly exposed to climate, the sector is expected to suffer impor-
tant economic losses from climate change (IPCC, 2022). Nevertheless, IPCC (2022)
highlight the existence of various agricultural adaptation options (e.g., agricultural
diversification, agroforestry, irrigation expansion) quite efficient at reducing climate
impacts in a 1.5°C warming world. Climate change impacts on agricultural production
may be softened by farmers’ autonomous adaptation. This adaptation, also known as
private adaptation in the literature (Mendelsohn, 2000), concerns adaptation actions
that farmers may take at their individual level from both the intensive margin (e.g. a
change in input demand) and the extensive margin (e.g. a change in crop choice) but
also from the adoption of new practices (e.g. agroforestry), more suitable to a change
in climate conditions.

The present chapter addresses two main issues. First, it investigates the potential
distributional impacts of farm-level autonomous adaptation to climate change on Eu-
ropean farmers’ income. To the best of our knowledge, this study is the first attempt
to assess the distributional effects of farms autonomous adaptation to climate change.
Second, it seeks to quantify the marginal contribution of the main individual charac-
teristics to overall farmers’ income inequality, and to analyse how these contributions

vary when farmers autonomously adapt to climate change.

European agriculture provides an interesting field for our question for two main
reasons. First, European agriculture is highly diverse in terms of productions and
may be substantially affected by climate change (Van Passel et al., 2016). Second,
the European Union (EU) has always included in the goals of the Common Agricul-
tural Policy (CAP) to ensure a fair standard of living to the agricultural community
(European Community, 1957) and more recently stated that CAP should contain a
more equitably distributed first pillar (European Commission, 2010), thus European
authorities may be concerned by the potential distributional consequences of farmers’

adaptation to climate change.

This study builds on several streams of the literature. It borrows from the

!This chapter comes from a collaboration with Pierre-Alain Jayet and Pierre Humblot.
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extensive literature on the measurement of inequality by a Lorenz-consistent criterion
(Aaberge, 2001). In particular, we employ generalized Lorenz curves (Shorrocks, 1983)
for ranking farmers’ income distribution? and delta Lorenz curves (Ferreira et al., 2018)
for analyzing income changes across the distribution. The study also relates to the
inequality-decomposition literature (Bourguignon, 1979; Shorrocks, 1980) by adapting
a framework based on the Shapley (1953) value, developped in Chantreuil et al. (2019,
2020).

Climate change has given rise to an important body of literature in environmental
economics (see e.g. Dell et al. (2014) for a review), where agriculture occupies a
special place (Mendelsohn et al., 1994; Deschénes and Greenstone, 2007; Schlenker
and Roberts, 2009). In particular, very recent examples try to quantify gains from
adaptation, or to highlight adaptative behviors. For example Aragon et al. (2021) find
that extreme heat increase area planted, and modify crop mix among Peruvian rural
households. In Meuse (a French département), Bareille and Chakir (2021) find that
climate change increase fertilizer but reduce pesticide consumptions.

Our modeling approach broadly refers to the literature quantifying the effect of
adaptation to climate change using crop simulation models and assuming some incre-
mental adaptations (see e.g. Challinor et al. (2014) for a meta-analysis). In particular,
we rely on a coupling between a supply-side micro-economic model of European agri-
culture (AROPAj) and a crop model (STICS). This strategy originates from Godard
et al. (2008) and has been extended by Leclere et al. (2013) for assessing European
farms autonomous adaptation to climate change. Humblot et al. (2017) present a the-
oretical framework for generating water-nitrogen yield response functions at the plot
scale, then employed in bio-economic farm models. Originally implemented for maize
in two French regions, yield response functions have been extended to all France for
nine major crops Barberis et al. (2020). In this study, we expand the extraction of
yield response function to EU for nine European crops.

Two types of farmers’ autonomous adaptation to climate change are simulated.

For weak adaptation, by modifying yield response functions, climate change shifts the

2Atkinson (1970) formally demonstrates that an ordering of income distributions with Lorenz
curves is equivalent to an ordering of aggregate social welfare. (Shorrocks, 1983) extended the result
for ranking distributions with different means.
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optimal quantity of inputs and farmers can adapt through adjustments in the intensive
and/or the extensive margin. However, crops remain the same as initially. For strong
adaptation, farmers have in addition the possibility of changing the sowing date, or the
crop variety. AROPAj has the main advantage of providing EU-27 aggregate results
while covering an important diversity in terms of type of farming, region and economic
size. Our study must be considered as an analysis of the effects of a change in climate
variables on European agricultural sector ceteris paribus, rather than a prospective—or

a forecasting—exercise of the future state of the European agricultural system.

Our contribution to the literature is twofold. First, we provide an estimate of
the potential distributional consequences of farmers’ autonomous adaptation to climate
change. Our findings indicate that, all other things being equal, climate change could
in the short-run worsen the situation compared to the present one in terms of aggregate
welfare. This is due to (i) a reduction in income share for bottom quantiles and (ii) a
decrease in total income. Nevertheless, in the long-term horizon, climate change may
lead to a preferable situation in terms of aggregate welfare, due to (i) an income share

quite stable for bottom quantiles, and (ii) an increase in total income.

As a second contribution, we identify the two main drivers—i.e. region and type
of farming—of farmers’ income inequality. We show that these two individual charac-
teristics contributes approximately 73% to overall farmers’ income inequality. We find
region as an even more determinant characteristic than type of farming for explain-
ing this inequality. Our results also indicate that climate change slightly impact the

marginal contribution of these two attributes to farmers’ income inequality.

The remainder of the chapter is structured as follows. Section 2 presents the
modeling framework, the data and the inequality-decomposition framework Section 3
depicts our aggregate and distributional results of farm-scale autonomous adaptation
to climate change within the European agricultural sector. It also presents the re-
sults of our income inequality decomposition. Our findings are discussed in section 4.

Section 5 concludes.
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2 Modeling strategy

Our assessment of the potential distributional impacts of European farm-level au-
tonomous adaptation to climate change relies on a soft-coupling between a micro-
economic supply-side model of the European agricultural sector (AROPAj) and a crop
model (STICS). Yield response functions, obtained from STICS for various climate
and soil characteristics, are incorporated into production factors from AROPAj. This
modeling framework, already used for several analysis of climate effects (Leclere et al.,
2013; Humblot et al., 2017; Barberis et al., 2020) is an updated version of the one pre-
sented in Barberis et al. (2020).®> An overview of the modeling framework is presented

in4.1.

Input data

Agricultural Climate parameters

. Soil informations
Management practices (LSCE atmospheric model) (ESDB)

(STICS Library) » RCP 4.5 - 3 time horizons

Farm data
(EU-FADN)

Micro-economic supply-
side model (AROPAj)
» Representative farmers
maximizing their gross

margin
Yield response function

» 2 levels of farm-scale
Income

adaptation
> Distributional effects
» Inequality decomposition

Economic output
» Gross margin
» Yields and surface
» GHG emissions

» Chemical fertilizer use
> lIrrigation

Figure 4.1: Overview of the modeling framework.

In this section devoted to methods and data, we first introduce the models,
AROPAj and STICS. Second we present the climate scenario and the two levels
of adaptation. Third, we describe the construction of income and the inequality-

decomposition framework.

3In comparison with Barberis et al. (2020), the major update lies in the extension of the modeling
framework to EU-27.
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2.1 A micro-economic model of the EU agricultural supply

The micro-economic model (AROPAj (Jayet et al., 2021)) depicts the annual eco-
nomic behavior of a set of European representative farmers in terms of farmland
allocation (crops, pastures and grasslands) and livestock management (animal num-
bers and feeding). The model includes various agricultural productions in terms of
crops? (i.e., 24 major European crops, permanent and temporary grassland) and ani-

mal husbandry (i.e., dairy and non-dairy cattle, sheep, goats, swine, poultry).

The economic behavior of each representative farmer is modeled with a static,
mixed integer linear-programming model. Each farmer is assumed to maximize its
gross margin® subject to technical (e.g. required crop rotations, nitrogen and water
needs for associated crop yields, animal feeding requirements for milk or meat produc-
tion) and economic (e.g. CAP payments, environmental policies) constraints. Farmers,
assumed to be price-takers, are entirely independent one from another. It should also

be noted that the herd size is bounded into a £15% range.

The representative farm results from a clustering procedure of actual surveyed
farms from the European farm accountancy data network (EU-FADN). FADN pro-
vides general farm economic data, costs and prices, as well as crop and livestock yields.
Farms are clustered along (i) type of farming (FADN classification TF14 Grouping?®),
(ii) the proportion of irrigated areas, (iii) economic size (9 categories), and (iv) loca-
tion: region and altitude (3 thresholds; 0, 300, and 600 meters above sea level). The
clustering procedure allows us to comply with FADN privacy policy while improving
AROPAj computing time. EU-FADN year 2012 provides data for 70,000 farms (rep-
resenting 3.766 millions of European farms) clustered into 1,993 representative farms,
across 133 regions.

Model outcomes include farms’ gross margin, input consumption (i.e., irrigation
water and nitrogen fertilizers), animal products, crops yield and surface, and various

environmental outputs, for instance greenhouse gas (GHG) emissions.

4Permanent crops (e.g., orchards, vineyards), horticulture and market gardening are not modeled.

®The gross margin is defined as the difference between farm’s profit minus variable costs

6The classification can be find at https://ec.europa.eu/agriculture/rica/detailtf -
en.cfm?TF=TF14& Version=13185.
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2.2 A crop model providing yield response functions

The micro-economic model of European agriculture is sharpened by substituting a
function linking inputs and yields at the plot scale. The major reason for incorporat-
ing dose-response functions in AROPAj production factors is to overcome the lack of
exhaustivity of the EU-FADN. EU-FADN does not allow us to estimate yield functions
for a large diversity of context in terms of crops and farming systems. The crop model
STICS simulates the soil-atmosphere—crop system applied to a wide range of crops and
pedo-climatic conditions (Brisson et al., 2003). For a given representative farm and a
given crop, it provides a yield function associated with inputs in (i) nitrogen fertilizers
and (ii) water. STICS crop model requires (i) climate parameters, acquired from the
Laboratoire des sciences du climat et de l’environnement (LSCE) atmospheric model,
(ii) soil information, gathered from the European Soil Database (ESDB) (Panagos
et al., 2012), and (iii) data on agricultural management practices (delivered by the
STICS library). It should be noted that the substitution of yield response functions
from STICS to AROPAj input-yield points turns non-linear the structure of AROPAj.
Thus, the optimization solving problem is in two stages. First, the gross margin is
maximized for each unit of area of a crop and for each farm type. Second, yields from
STICS are replaced in the linear optimization problem. Note also that the use of yield
response functions allows us to come through the estimation of input prices.

In summary, STICS generates yield response functions for a specific crop in
specific pedo-climatic conditions and calibrates nitrogen-water-yields relationships for

crops present in a given AROPAj farm group.

2.3 Time horizons for climate change and autonomous adap-

tation

The climate scenario implemented in this study is the representative concentration
pathway (RCP) 4.5 from the second report on emission scenario, assessment report
5 (SRES ARS5). This climate scenario is then translated into weather variables by
the LSCE atmospheric model, available at the scale of a regular grid with a mesh

size of 0.11°—approximately 12.5 km. As a farm type is localised by a region and an
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altitude, weather variables are averaged for each region and altitude levels, which leads
to, at most three values per region for a variable. In order to quantify the European
farm-level autonomous adaptation to climate change, we compute three time horizons.
The present horizon is the representative climatic year for the period 2006-2035. The
short-term (resp. the long-term) horizon is the representative climatic year for the
period 2041-2070 (resp. 2071-2100)."

We simulate two levels of autonomous adaptation for farmers. In the weak
adaptation level, farmers may adapt to a change in weather conditions through the
extensive—e.g. a change in crops allocation—and the intensive—e.g. a change in in-
put demand-margins. Farms only adapt through crops initially present in their farm
type (calibrated on the 2012 EU-FADN). In the strong adaptation level, farmers can
in addition adapt through the adoption of crop varieties more suitable to the new
weather conditions, or through a change in the sowing date. None of the two levels of
adaptation take into account a possible improvement in plant genomics to create new
varieties more resistant to heat and/or water stress. However, autonomous adaptation

remains quite important and realistic in this work.

2.4 Farmers’ income and active population

Several difficulties lie in the estimation of an appropriate income for farmers. First,
the economic outcome from the model AROPAj is the gross margin. Thus to get closer
to a measure of a disposable income, we remove wages paid from the gross margin.

Second, there is possibly several unpaid workers by farms. EU-FADN data gives
the amount of unpaid workers in a full-time equivalent annual workforce unit (AWU).
The 3.766 millions of European farms represents 4.967 millions of unpaid farmers. It
corresponds to about 1.32 unpaid AWU on average per farm, from 0.04 to 6 unpaid
AWU per farm. We perform an income per unpaid AWU to analyse the income
inequality per individuals. This is the farmers’ income estimation in Piet and Desjeux
(2021). Note that we present some results taking a per farm basis in 4.5.

Third, when using farms accounting data, a non-negligeable share of incomes is

7A note on the method used for the choice of a representative climatic year over a 30-year period
is given in appendix A.
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negative. This is clearly an issue when conducting distributional analysis, as negative
incomes make it difficult to draw social welfare implications (Atkinson, 1970) and
unclear to interpret delta Lorenz curves (Ferreira et al., 2018). Several authors suggest
alternative Gini index to include negative values (Chen et al., 1982; Raffinetti et al.,
2014), particularly used in agriculture where the presence of negative income is not
rare (Allanson, 2008; Deppermann et al., 2014). However, when including negative
incomes, a Gini index must be seen as a variability measure instead of the concentration
measure (De Battisti et al., 2019). Thus, in line with Ravallion (2017); De Battisti
et al. (2019); Piet and Desjeux (2021), we chose to remove the negative incomes from
the analysis. Our distributional analysis concerns 4.702 million unpaid AWU (94.3%
of initial sample) in the weak adaptation level, and 4.731 million unpaid AWU and
(95.7% of initial sample) in the strong adaptation level.

Fourth, the use of individual data may favor the presence of outliers. To avoid
them, Ferreira et al. (2018); Piet and Desjeux (2021) remove bottom and top 0.5% of
incomes. As the farm group is made of a real-farm clustering procedure, we limit the

potential presence of outliers.

2.5 Inequality-decomposition framework

We decompose farmers’ income by region (w) and by type of farming (o) (Chantreuil
and Lebon, 2015). Farmers’ income (y) of a farmer ¢ can be written in two ways, as

follows:

Yi = ywi + (ywi,m B ywz) + (yl B gwi,ai) (41)

or

Y = y(]ai + (gwi,oi - gogi) + (yz o y‘”ivgi) (42)

According to equation 4.1 (respectively equation 4.2), individual income can be
expressed as the sum of (i) income share associated with region (respectively type of
farming): 7, (respectively 7, ), (ii) income share associated with type of farming:
(Yoo, — U) (respectively region (7, ,. —Js,)), and (iii) income share associated with
unobserved characteristics (residuals): (y; — ¥,,,,). The two possible decomposition

orders are presented because there is a priori no reason to choose an order over another
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(Chantreuil et al., 2020).

The contribution of a characteristic j = {w, o, r} to the overall farmers’ income

inequality can be defined by the following Shapley formula:

(s — D)I(k — 5)!
Kl

(IY(9) = L(Y(S = {5})] (4.3)

Shj= >

SCK,jeS

where [ is the chosen inequality index (Gini in this study), K is the set of farmers’
characteristics, k the cardinality of K, S a subset of K, s the cardinality of S. Y (5)
is the distribution of farmers’ income among the subset S, defined by Y (0) = 0, and
for all S € 25, 5 0.

Y(S) =Y i+ uy), .. > v+ > u) (4.4)

jES ¢S jES ¢S

where 1(y”) is the average farmers’ income from farmers characteristic j.

3 Results

In this section we first provide aggregate results. We then go deeper in the distribu-
tional analysis. We end the section by delivering our findings in terms of region and

type of farming, and by assessing their contribution to farmers’ income inequality.

3.1 Aggregate results

Table 4.1 presents aggregate results in terms of crops (corn and wheat), inputs (fertil-
izers and irrigation), GHG emissions and income for both weak and smart adaptation
levels and for three time horizons. In both weak and strong adaptation levels, produc-
tion (wheat and corn) and total income decrease in the short-term horizon with respect
to present, -6.2% (respectively -8.5%) for weak (resp. strong) adaptation level. Income
then increase in the long-term horizon with respect to present, +2.6% (respectively
+2.0%) for weak (resp. strong) adaptation level.

In the weak adaptation level, the model computes 67.714 million tons of corn and

140.022 million tons of wheat for present, which is quite close to the actual produc-
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Table 4.1: Aggregate results for studied sample (4.702 million unpaid AWU for weak adap-
tation vs. 4.731 million unpaid AWU for strong adaptation) for crop production (corn &
wheat), input consumption (mineral fertilizers & irrigation water), GHG emissions, and in-
come.

Unit Present Short-term  Long-term

Corn 103t 67,714 47,821 72,192

Wheat 103t 140,022 129,888 150,619

Weak Fertilizers 103t 42,124 39,201 44 416
Adaptation Irrigation 103m?3 4,710,097 4,931,883 5,063,983

GHG emissions  103tCOseq 349,328 345,950 353,266

Income 10%€ 170,932 160,168 175,365

Corn 103t 103,941 73,848 111,550

Wheat 103t 169,924 158,427 173,531

Strong Fertilizers 103t 49,746 47,921 48,898
Adaptation Irrigation 103m? 6,301,973 7,036,939 5,771,647

GHG emissions  103tCOseq 353,635 353,031 352,558

Income 105€ 193,456 176,977 197,284

tion (i.e. for the period 2010-2020, the European Commission recorded on average 67
million tons of corn and 125 million tons for wheat per year®). It should be noted that
the increase in income and production in the long-term horizon is accompanied by
an increase in water (+7.5%) and mineral fertilizers (+5.4%) consumption, and GHG
emissions (+1.1%).

In the strong adaptation level, more optimistic than the weak adaptation level,
income and crop production are quite high, even in the present horizon. Thus, input
consumption and GHG emissions are also higher than in the weak adaptation level.
However, one may notice that input demand could decrease in the long-term horizon

with respect to present, due to the adoption of less input-consuming varieties.

3.2 Distributional analysis

Figure 4.2 illustrates per unpaid AWU farmers’ income Lorenz curves (left) and delta
Lorenz curves with respect to present (right) for weak adaptation. Delta Lorenz curves

(Ferreira et al., 2018) show the change in cumulative share of income across quantiles.

8Source:  https://ec.europa.eu/eurostat /statistics-explained /index.php?title=Agricultural_pro-
duction_-_crops
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Figure 4.2: Distribution of farmers’ income for weak adaptation level. Left: Lorenz curves.
Right: Delta Lorenz curves with respect to present time horizon.

Lorenz curves are quite close: the Gini index is equal to 0.681 in the present and
short-term horizon, and 0.680 in the long-term horizon. However delta Lorenz curves
show that, in the short-term horizon, bottom 50% of incomes (i.e. incomes below
the fifth decile) reduce their income share in total income whereas almost top 50%
of incomes (i.e. incomes above the fifth decile) increase their income share in total
income. It should be noted that the short-run horizon is also detrimental for the very
high incomes. In the long-term horizon, income share seems quite stable (compared
to present time horizon) for bottom 50% of incomes, then increases for upper middle

incomes and decreases for top 20% of incomes.

Figure 4.3 illustrates per unpaid AWU farmers’ income Lorenz curves (left) and
delta Lorenz curves compared to present (right) for strong adaptation. Lorenz curves
are quite close in this level of adaptation too. The Gini index is equal to 0.674 in
the present, 0.680 in the short-term, and 0.674 in the long-term horizon. Delta Lorenz
curves are quite similar to the weak adaptation level. They show that, in the short-term
horizon, bottom 50% of incomes reduce their income share in total income whereas
top 50% of incomes increase their income share. In the long-term horizon, income
share seems quite stable for bottom 50% of incomes, then increases for upper middle

incomes and decreases for top 20% of incomes. Note that the very high incomes (i.e.
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Figure 4.3: Distribution of farmers’ income for strong adaptation level. Left: Lorenz curves.
Right: Delta Lorenz curves with respect to present time horizon.

top 1% of incomes) reduce (respectively increase) their income share in the short-term

(respectively long-term) horizon.
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Figure 4.4: Generalized Lorenz curves of farmers’ income. Left: Weak adaptation. Right:
Strong adaptation.

Figure 4.4 presents the per unpaid AWU farmers’ income generalized Lorenz

curves (Shorrocks, 1983) for weak and smart adaptation levels, for three time horizons®.

9The generalized Lorenz curve is constructed by scaling up the Lorenz curve by the mean of
the distribution: GL(F(x)) = pL(F(x)), with p the mean of the distribution and F' the cumulative
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For the two levels of adaptation, the generalized Lorenz curve of income lies entirely
below the present generalized Lorenz curve in the short-term horizon. This result
may be explained both by (i) a decrease in income share fot bottom quantiles and (ii)
a decrease in total income. Then in the long-run, the curve lies entirely above the
present, for weak and strong adaptation. This can be explained both by (i) a constant
income share for bottom quantiles and (ii) an increase in total income.

In terms of aggregate social welfare,'” climate change (under RCP 4.5 scenario)
may lead to (i) a worse situation in the short-run and to (ii) a preferable situation in

the long-run with respect to the present situation.

3.3 Reranking effects

We now study the potential reranking effects (i.e., the shift of individual places in
the distribution). Figure 4.5 shows future income (in the short-term and in the long-
term horizon) with respect to present income, for both adaptation levels. For both
short and long-term horizons, future income is quite close from income in the present
horizon. Note that there is coherently more incomes that decrease with respect to
present income in the short-term than in the long-term horizon.

Distributional effects of autonomous adaptation are slightly pronounced but there
is an important share of the population which changes its place in the distribution.
For both adaptation levels, and both short and long-term horizon, only 3% (from 1.5%
to 4.3%) of the population on average keep unchanged its position in the distribution
with respect to present. Approximately on average 50.3% (respectively 46.7%) of the
population experience an increase (resp. a decrease) in its rank in the distribution.

We turn now into the income inequality decomposition.

3.4 Regional and type of farming income

What are the marginal contributions of the main individual farmers’ characteristics to

income inequality? How these contributions vary when farms autonomously adapt to

distribution function.
0The generalized Lorenz dominance is equivalent to a second-order stochastic dominance
(Shorrocks, 1983; Thistle, 1989).
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Figure 4.5: Future income with respect to present income (in logs). Top left: Short-term
horizon and weak adaptation, Top right: Short-term horizon and strong adaptation, Bottom
left: Long-term horizon and weak adaptation, Bottom right: Long-term horizon and strong
adaptation.

climate change? To investigate these questions, we apply the inequality-decomposition
framework based on the Shapley value (Shapley, 1953) introduced by Chantreuil and
Trannoy (2013) to farmers’ income. The method aims at assessing the marginal contri-

bution of an individual caracteristic to an overall inequality (Chantreuil et al., 2019).

Figure 4.6 depicts the per unpaid AWU average regional income for the three
time horizons and two levels of adaptation. It shows an important variability among

regions. For both levels of adaptation and for the three time horizons, findings are
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Figure 4.6: Average regional per unpaid AWU farmers’ income (103€). Top left: Present
horizon and weak adaptation, Top right: Present horizon and strong adaptation, Middle
left: Short-term horizon and weak adaptation, Middle right: Short-term horizon and strong
adaptation, Bottom left: Long-term horizon and weak adaptation, Bottom right: Long-term
horizon and strong adaptation.

quite close. Regions with the highest average income are concentrated in Northern
Europe, for instance the North of France, Germany, Netherlands and Denmark. It
should be noted that per unpaid AWU average income is particularly high in Eastern
Germany and Austria, approximately 200 thousands euros. In the short-term horizon,
the mean income decreases in a majority of regions with respect to present, for example

in Mediterranean regions or Eastern Europe countries. It should be noted that mean
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income increases in some regions, among them Denmark and Scandinavia. In the long-
term horizon, the majority of regions experience an increase in average income with
respect to present horizon. For instance, mean income increases in Eastern Europe
countries (approx. +50%) and in several German, Danish, and Scandinavian regions

(approx. +20%). Various French regions experience a slight reduction in mean income.

Table 4.2: Average per unpaid AWU farmers’ income by type of farming for weak and strong
adaptation and for three time horizons.

Type of farming Present  Short-term  Long-term
Specialist cereals, oilseeds and protein crops 73.5 62.7 77.3
General field cropping 40.9 39.2 43.4
Specialist dairying 50.2 49.5 50.2
Specialist cattle — rearing and fattening 24.9 24.8 25.1
Weak Cattle — dairying, rearing and fattening combined 29.9 28.7 29.6
Adaptation Sheep, goats and other grazing livestock 18.2 174 17.8
Mixed cropping 13 12.1 13.7
Mixed livestock, mainly grazing livestock 8.6 7.8 9.2
Field crops - grazing livestock combined 47.3 44.7 48.3
Various crops and livestock combined 8.6 7.8 9.6
Specialist cereals, oilseeds and protein crops 87.9 73.2 93.3
General field cropping 50.4 46.3 51.8
Specialist dairying 52 50.8 51.8
Specialist cattle — rearing and fattening 25.9 25.6 26.1
Strong Cattle — dairying, rearing and fattening combined 31.6 29.8 31.1
Adaptation Sheep, goats and other grazing livestock 19.2 17.9 18.6
Mixed cropping 16.3 14.2 16.7
Mixed livestock, mainly grazing livestock 10.2 8.6 10.7
Field crops - grazing livestock combined 54.8 50.3 54.9
Various crops and livestock combined 11.1 9.6 12

Note: Only the main European types of farming (at least 80,000 unpaid AWU) are presented. See

4.4 for an exhaustive list of the computed types of farming.

Table 4.2 presents the per unpaid AWU average income by type of farming for
two levels of adaptation and three time horizons. For both weak and strong adaptation,
the reduction in mean income concerns all types of farming in the short-term horizon
with respect to present. This loss is quite marked for crop producers, for example
-15% (resp. -16%) for specialist cereals in the weak (resp. the strong) adaptation level.
This loss in mean income is less marked for livestock farmers: it is on average -1.7%
for specialist dairying for both adaptation levels. In the long-term horizon, average
income increases for a majority of types of farming with respect to present. This
increase is more pronounced for crop producers, for instance approximately +6% on

average for both adaptation levels. Generally, wee can see that crop producers average
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income is more sensitive to climate change than livestock producers average income,

which is quite stable over the different time horizons.

3.5 Decomposition results

Table 4.3: Shapley decompositions of per unpaid AWU farmers’ income Gini index for three
time horizons.

Time Horizon Present Short-term Long-term

Decomposition start w o w o w o

Region (w) 45.3% 50.2% 47.6% 51.9% 44.3% 49.7%
Type of farming (o) 27.5% 222% 268% 22.1% 27.9% 22.3%
Residual (r) 27.2% 27.6% 25.6% 26.0% 27.8% 28.0%

Gini index 0.6805 0.6814 0.6796

Region (w) 44.9% 49.1% 47.9% 51.0% 43.5% 48.3%
Type of farming (¢) 26.9% 22.5% 26.0% 22.4% 27.7% 22.8%
Residual (r) 28.2% 28.4% 26.1% 26.6% 28.8% 28.9%

Gini index 0.6740 0.6796 0.6743

Note: The two decomposition orders are presented, when starting the decomposition by region

Weak Adapt.

Strong Adapt.

(order w) and when starting the decomposition by type of farming (order o).

Table 4.3 illustrates the Shapley decomposition of farmers’ income inequality
for weak and strong adaptation levels and for present, short-term and long-term time

horizon.

Region and type of farming importantly contributes to overall farmers’ income
inequality. Whatever the decomposition order, the level of adaptation, or the time
horizon, these two characteristics explain from 71.1 to 74.4% of overall farmers’ in-
come inequality. Region seems to be the individual attribute contributing the most to
farmers’ income inequality (43.5 - 51.0%), whereas type of farming explains from 22.1
to 27.9% of income inequality. The contribution of farmers’ region and type of farming
is quite similar for all time horizon. Climate change slightly alter the marginal con-
tribution of these two individual attributes to overall income inequality. It increases
the contribution of region in the short-term horizon, and reduces it in the long-term

horizon.

120



CHAPTER 4. DISTRIBUTIONAL IMPACTS OF AUTONOMOUS
ADAPTATION TO CLIMATE CHANGE FROM EUROPEAN AGRICULTURE

4 Discussion

In this section we first discuss the consistency of our results with respect to the lit-
erature. Second, we debate our positive findings in the long-term horizon. Third, we

highlight several limits of this study.

Our results are broadly in line with the existing literature. The majority of
studies assessing climate change impacts on European agriculture globally indentifies
positive effects on agricultural production or revenues (Iglesias et al., 2011; Van Passel
et al., 2016). These studies also find that mediterranean regions may suffer from
climate change whereas regions from Northern Europe could benefit from it. Note
that the increase in irrigation and chemical fertilizer use in the weak adaptation level
is consitent with Iglesias et al. (2011) mentioning this increase in production and
inputs which may have in turn unwanted environmental consequences. Also working
on European agriculture, Vaitkeviciute (2018) finds that climate change may have
negative impacts on the short-term, and positive impacts on the long-term. In a
meta-analysis, Challinor et al. (2014) highlight that crop yields may increase from 7 to
15% under climate change with adaptation, quite close from our results (about +7%

for corn and +5% for wheat, on average for both adaptation levels).

The positive findings of this study regarding farmers autonomous adaptation to
climate change in the long term may be nuanced on certain points. First of all, the
climate scenario used in this study (RCP 4.5) is quite optimistic. This climate scenario
implies an ambitious global GHG emission mitigation policy, as overall emissions start
to decrease in mid-21% century. Thus, by late 21°" century the COy., concentration
is expected to stabilized at about 650 ppm and world mean surface air temperature
to increase by 1.8°C (from 1.1°C to 2.6°C). For the weak adaptation level, the better
situation in the long-term horizon than in the present horizon in terms of social welfare
is accompanied by an increase in mineral fertilizer demand. This increase may cause
additionnal environmental pollution—e.g. eutrophication, GHG emissions—and degrade
aggregate welfare in turn. We also note a serious increase in irrigation water consump-
tion, which could lead to a possible tension on the resource. The slight increase in

GHG emissions naturally arises the question of combining GHG emission mitigation
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policies with adaptation to climate change. Does the implementation of an ambitious
climate policy within European agriculture constrain the adaptation options available
for farmers? How does it affect the positive long-term distributional consequences of
autonomous adaptation? For the strong adaptation level, in the long-term horizon we
also obtain positive economic results, and a decrease in input (i.e. water and mineral
fertilizers) consumption. It should be noted that this adaptation level is quite opti-
mistic as it enables farmers to procure varieties more suitable for their environment.
As a consequence of this important adaptation option, the strong adaptation level
overestimates the European production in the present horizon. Our positive findings
may also be nuanced by other dimensions of climate change that we do not account for
in this study. For instance, climate change could cause an increase—or an apparition—
of plant disease affecting crop yields. Climate change is also certainly increasing the
frequency of extreme weather events, such as droughts and floods (IPCC, 2014) that

may have an important effect on agricultural production.

Although our results are conform to the existing literature, our study suffers
from limitations. The first type of limitation is due to the underlying assumptions and
characteristics of our modeling framework. The findings of this work strongly rely on
the crop yields computed by the STICS crop model. Among the crop simulation models
able to perform under various climate, soil and managements practices parameters,
STICS is a well evaluated model (Palosuo et al., 2011; Rotter et al., 2012). However,
the model has been found to slightly overestimate crop yields. It should also be
noted that we do not consider any technical progress. Particularly, plant breeding
will certainly help to obtain crops that better suit a different climate. Concerning
the autonomous adaptation at the farm scale, our analysis is dependent on several
assumptions. Prices for goods taken into account in the micro-economic model are
exogenous. Thus we do not account for a possible change in input or output prices, due
e.g. to climate change or to a change in eating habits. We also consider the structure
of farms as unchangeable. We maintain the original typology (i.e. constant number
of representative farms, constant farms agricultural surface). On the one hand, these
assumptions enable us to assess European farmers autonomous adaptation to climate

change all other things being equal. As we keep the agricultural population constant
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across the different time horizons, we are able to quantify the distributional effects.
On the other hand, this prevents us from capturing indirect effects. By modifying
agricultural yields, climate change could obviously impact agricultural goods prices,

and thus, farms structure.

5 Conclusion

Relying on a soft-coupling between a crop model and a micro-economic model of
European agricultural supply, we inform the distributional impacts of EU-27 farm-
level autonomous adaptation to climate change. In addition, we provide a farmers’
income inequality decomposition. It allows us to identify and quantify the contribution
of major farms characteristics to overall income inequality and how they vary under
climate change.

Our findings indicate that, ceteris paribus, climate change may lead, in terms of
social welfare, to a worse situation (with respect to present) in the short-term horizon.
This result can be explained by (i) an decrease in income share for bottom quantiles
and (ii) a decrease in total income. However, in the long-run, climate change could
lead to a better situation, due to (i) a constant income share for bottom quantiles
and (ii) an increase in average income. We also assess the marginal contribution of
two major individual characteristics—i.e. region and type of farming—to overall income
inequality. These two attributes substantially contribute to farmers’ income inequality
(approximately 73%). Region seems to be the most determinant characteristics. Our
results show that climate change slightly influence the region and type of farming
contribution to income inequality.

This work could be extended in several directions. First, the analysis could con-
cern other regions. Distributional impacts of climate change may be different where
agriculture is differently structured. Ome could also be interested in studying the
distributional impacts of climate change on other economic sector. Second, it could
consider other sides of climate change, such as the increase of the frequency of extreme
weather events, or the apparition of crop diseases. Third, it could be of major interest

to study the interaction of adaptation to climate change with GHG emission mitiga-
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tion policies, within European agriculture. How could agricultural GHG mitigation
policies impact the distributional effects of adaptation to climate change across the
European agricultural system? The micro-economic model used in this work could

help disentangle this question.
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4.A Modeling strategy

For selecting a representative year over a 30-year period, we measure the distance
between each year’s observations and the average values for the period. Each distance is
calculated for the days of the year, and the FADN region and altitude class intersection
(indexed by n). The variables considered are indexed by k. We thus compare the
matrice with average values (M), and the matrice with annual observations for the

year i (A;) as follows:

n k
Distance; = > > (M — 4;)? (4.5)
j=11=1
Since the units of the climate variables and their variability are different, we

calculate the distance with the variables normalized by their mean annual values over

the 30 year period (avg), as follows:

n M— A\
Normalized distance; =» ( Z) (4.6)

J=11=1 avg
Following the results obtained with the normalized distance, the year 2016 is the
best choice to represent the climate in the beginning of 21st century (period 2006-
2035), and the year 2073 is the best choice to represent the climate in the late 21st
century (period 2071-2100).
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Figure 4.7: Normalized distance between year observations and average values for periods
2006-2035, 2041-2070, and 2071-2100.
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4.B Classification of types of farming

Table 4.4: Types of farming modeled

Specialist cereals, oilseeds, protein crops
General field cropping

Specialist dairying
Specialist cattle - rearing and fattening
Cattle - dairying, rearing and fattening combined
Sheep, goats and other grazing livestock

Specialist pigs
Specialist poultry
Various granivore combined

Mixed cropping
Mixed livestock, mainly grazing livestock
Mixed livestock, mainly granivores
Field crops - grazing livestock combined
Various crops and livestock combined

4.C Gini index

Table 4.5: Gini index for per unpaid AWU and per farm income, for weak and strong
adaptation levels, and for three time horizons.

Income Present  Short-term  Long-term
Weak Per unpaid AWU  0.6805 0.6814 0.6796
Adaptation Per Farm 0.6907 0.6931 0.6885
Strong Per unpaid AWU  0.6740 0.6796 0.6743
Adaptation Per Farm 0.6840 0.6907 0.6817
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General Conclusion

This dissertation has explored several key aspects of climate change within agriculture
in Europe. The sector is at the heart of climate change due to (i) its substantial
contribution to GHG emissions, (ii) its reliance on weather and climate variables,
and (iii) adaptation solutions it has to develop. These issues of emissions mitigation,
weather impacts and adaptation are investigated through the prism of social justice
and inequality. The guiding thread of this dissertation is to study the distributional
consequences of these various aspects of climate change on farmers’ income.

This conclusive section is composed of two parts. The first section summarizes
the contributions of each chapter of the dissertation. The second section suggests

several leads for future research.
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Summary of contributions

Chapter 2

The second chapter investigates the distributional consequences of various climate
policies, first from an analytical approach, and second applied to GHG emissions from
European agriculture. Our analytical framework illustrates the importance of both
distributions of (i) initial emissions and (ii) marginal abatement costs for explaining
the potential regressivity of climate policies. We also show how these two distributions
differently affect post-policy income inequality according to the type of policy.

We then assess the distributional effects of these climate policies on European
farmers’ income. Our results indicate that a single emission tax increases income
inequality, and the higher the tax level, the greater the inequality. However, it is
possible to offset this regressive impact through a rebate of the collected tax. A
lump-sum transfer of the collected tax, neutral for the regulator’s budget, is found to
substantially reduce income inequality, even more than its pre-tax level. A rebate of
the collected tax in proportion of initial emissions, neutral for the regulator, leaves
the pre-tax income inequality level unchanged. It should be noted that an abatement
subsidy delivers close distributional results.

At the moment of writing, European agriculture is not involved in any climate
policies. These findings may be crucial for implementing a cost-effective instrument
without fearing important and negative distributional consequences within European

agriculture.

Chapter 3

In the third chapter, we focus on the effect of extreme temperatures on French crop
producers’ income. The assessment of distributional impacts of climate change is
particularly relevant for identifying the farmers most affected by the weather and, to
provide the right response.

Our empirical analysis combines farms accounting, weather, and soil information.

We isolate and quantify the negative effect of extreme temperatures, both cold and
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hot, on farmers’ income. Our distributional analysis reveals that these extremes have
opposite consequences. While cold extremes are more damaging for low-income farmers
and increase inequality, hot extremes are found to be more harmful for high income
farmers and decrease inequality.

We suggest two hypothesis for explaining these distributional impacts. First, it
may be due to the evolution of the crop mix along the distribution: the proportion of
corn in the crop mix decreases with income while the one of rapeseed increases with
income. Hence, corn production may be more sensitive to cold extremes and rapeseed
production may be more sensitive to hot extremes. Second, a reason for these opposite
distributional impacts could be the geographical distribution: the probability of being
located in the North of France increases when income increases. Northern farmers
may be more sensitive to hot extremes, and Southern farmers may be more sensitive

to cold extremes.

Chapter 4

The fourth chapter looks at farmers’” adaptation to climate change.

In the face of climate change, farmers can adapt to a modification in weather con-
ditions on their own scale. Our modeling framework relies on a soft-coupling between
a micro-economic model of European agriculture and a crop model. We consider the
climate scenario RCP 4.5 from SRES AR5 and implement two levels of autonomous
adaptation for farmers. We then decompose farmers’ income inequality into character-
istics and explore the marginal contributions of region and type of farming to income
inequality.

All other thing being equal, our results show that climate change may lead to
a worse situation than the present one in the short-term horizon. This is due to a
decrease in (i) income share for low income farmers and (ii) total income. However,
the long-term horizon may lead to a better situation than the present one because of
(i) a stable income share for low income farmers and (ii) an increase in total income.
The decomposition of income inequality unveils the important contribution of region
and type of farming to income inequality. Climate change only slightly affect their

marginal contributions.
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Our findings, mostly positive in the long-term under an ambitious scenario of
reduction in total GHG emission (i.e., RCP 4.5), are an argument for the implemen-
tation of climate policies. A moderate warming (i.e., +1.5°C on average) may prevent

from important distributional consequences within the European agricultural system.

Future research

This section is dedicated to further research. We focus on three particular lines of

research.

Interaction between GHG emission mitigation, climate im-

pacts and adaptation

In this dissertation, GHG emission mitigation policies, weather impacts and adaptation
to climate change have been separately examined. However, it could be of major
interest to study the effect of their interactions within the agricultural sector. For
example, one may wonder how an emission tax would impact farmers’ abilities to
protect from weather impacts. Do climate policies constraint available adaptation
options for farmers? One may also question the potential consequences of adaptation
strategies on GHG emissions. Note that this question could be extended to other
environmental policies, for example nitrates control, pesticides ban, or water resource
constraints.

Findings from chapter 4 show that this question may be especially relevant.
Farmers adaptation to climate change increases both fertilizer and water consumption,
and slightly increases GHG emissions. Hence, an emission tax or a nitrates control

policy may have an effect on adaptation options.

Characterization of the winners and losers from climate change

Behind inequality and the distributional considerations that have been explored in this
manuscript, there is the differential impacts of climate change. It appears to be an

important concern to better discern how climate change impacts and mitigation affect
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individuals. It can help to better understand who the losers and winners are and why.
It can also help to more clearly determine good practices, both in terms of mitigation
and adaptation. The increasing availability of more accurate databases will probably
contribute to this development.

In particular, carbon sequestration practices have not been mentioned in this
dissertation. Agricultural soils have a significant carbon storage potential that could

contribute substantially to the mitigation of GHG emissions.

Impact of a change in demand

One of the limitations of this study (particularly in chapters 2 and 4) is due to the
underlying assumptions of the micro-economic model of the European agricultural
sector. We evaluate the distributional impacts of climate policies and climate change
adaptation all other things being equal with exogenous prices. Nevertheless, it could be
interesting to investigate how a change in demand may impact the agricultural system.
For instance, a change in food demand may come from a public policy promoting
low-carbon food or from a shift in consumers preferences. One could wonder how a
large-scale adoption of vegetarian regimes or the development of less meaty diet in

school restaurants can affect the distribution of farmers income.
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Résumé long

Cette these traite des effets du changement climatique sur les inégalités de revenu
parmi les agriculteurs européens. En particulier, elle examine successivement les
conséquences distributives (i) des politiques de réductions des émissions de gaz a effets
de serre (GES), (ii) des températures extrémes, et (iii) de 'adaptation autonome au
changement climatique. Elle est composée de trois chapitres indépendants, encadrés

par un chapitre introductif (chapitre 1) et un chapitre de conclusion.

Chapitre 2. Conséquences distributives des poli-
tiques climatiques: une application a P’agriculture
européenne

L’objectif principal de ce chapitre est d’évaluer les impacts distributifs de divers
systemes de taxation et de remises, a partir d’'une approche analytique et empirique.
Suite aux travaux de Kolm (1969) et Atkinson (1970) définissant le critére de

dominance au sens de Lorenz!

, une littérature théorique a émergé a partir de Jakobsson
(1976) et Kakwani (1977) pour lier la progressivité de la fiscalité aux propriétés de
dominance au sens de Lorenz. Jakobsson (1976) démontre qu’'une taxe est réduit les
inégalités au sens de Lorenz si et seulement si elle est progressive partout. Ce modele
a ensuite été affiné en termes d’hypotheses par Eichhorn et al. (1984), en ajoutant une

condition sur la préservation du rang des individus, ou étendu a la fiscalité composite

par Le Breton et al. (1996). Nous nous appuyons sur cette littérature pour aborder

!Une situation peut étre préférée & une autre en termes de bien-étre global si et seulement si la
courbe de Lorenz de sa distribution se situe entierement au-dessus de la courbe de Lorenz de I'autre
distribution.
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la question d’une taxe sur les émissions, éventuellement accompagnée d’une remise.
Notre cadre nous permet de déméler I'importance (i) de la distribution des émissions
initiales par rapport au revenu initial, et (ii) de la distribution des cofits marginaux
de réduction par rapport au revenu pour que la taxe réduise les inégalités au sens de
Lorenz. Nous explicitons deux types de remises de la taxe collectée : des remises basées
sur un seuil d’émissions absolu constant, équivalent a des transferts forfaitaires aux
agents, et des remises basées sur un seuil d’abattement relatif constant, proportionnel
aux émissions initiales individuelles. Pour les deux types de remises, le régulateur
peut redistribuer le montant total de la taxe collectée, ou plus. Nous comparons les
propriétés de réduction des inégalités de ces différents systeémes de taxes et de remise.
Nous examinons également comment ces derniers sont affectés par une augmentation

du taux de taxe.

Nous appliquons ensuite ce cadre a la question de la réglementation européenne
des émissions de GES dans 'agriculture. L’exploration des conséquences distributives
des politiques climatiques dans I'agriculture européenne est pertinente pour plusieurs
raisons. Premierement, bien que I'agriculture européenne contribue a environ 10%
des émissions totales de GES en Europe, elle n’est soumise a aucune politique clima-
tique contraignante. Deuxiémement, la politique agricole commune (PAC) présente
des objectifs d’équité pour les agriculteurs européens. Enfin, il a été démontré que les
exploitations agricoles sont tres hétérogenes en termes d’émissions de GES et de cofits
marginaux de réduction. Notre évaluation s’appuie sur un ensemble de simulations
(Isbasoiu, 2019) obtenues a partir d’'un modele micro-économique de I'agriculture eu-
ropéenne. Dans ce modele, des agriculteurs représentatifs, calibrés sur des données
d’exploitations réelles, maximisent leur marge brute, sous diverses contraintes. Nous
construisons donc un revenu, en soustrayant les salaires versés de la marge brute, et en
pondérant par le nombre de travailleurs non rémunérés sur I’exploitation. Il faut noter
la présence de revenus négatifs, qui ne sont pas rares dans l'agriculture et que nous
retirons pour 'analyse distributive, conformément a la littérature. Nos résultats in-
diquent qu’une taxe sur les émissions sans remise augmenterait les inégalités de revenu
des agriculteurs. Ceci est principalement di a une élasticité des émissions de GES par

rapport au revenu inférieure a un. Cependant, nous montrons que des rabais basés sur
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un seuil d’émissions bien choisi peuvent ramener les inégalités de revenu a un niveau

inférieur au niveau initial (avant la taxe).

Dans une annexe, nous proposons une extension de ce travail. En appliquant une
méthode basée sur la valeur de Shapley Chantreuil et al. (2019), nous décomposons
les inégalités de revenu des agriculteurs. Nous quantifions la contribution marginale
de deux caractéristiques principales, la région et le type d’agriculture, aux inégalités
de revenu. Nous examinons également comment ces contributions varient, en fonction

du type de politique climatique mise en place.

Chapitre 3. Températures extrémes et inégalité de

revenu dans le secteur agricole francais

L’objectif de ce chapitre est d’estimer les effets distributifs des températures extrémes

sur le revenu des producteurs céréaliers francais.

Les études récentes de DePaula (2020) et Malikov et al. (2020) examinent les im-
pacts distributifs de variables climatiques au sein des agriculteurs. DePaula (2020), qui
étudie les fermes commerciales brésiliennes, constate qu’'un réchauffement de 1°C peut
étre plus préjudiciable aux fermes ayant un climat chaud et des terres de haute qualité.
Malikov et al. (2020), travaillant sur la production de mais et de soja aux Etats-Unis,
indiquent que les impacts du changement climatique futur pourraient étre plus dom-
mageables aux fermes qui ont de faibles rendements. S’appuyant sur ces études, ce
chapitre se concentre sur les impacts distributifs des températures extrémes au sein des
producteurs céréaliers, en France. A cette fin, nous combinons trois bases de données.
Premierement, nous utilisons les informations individuelles du Réseau d’Information
Comptable Agricole (RICA). Il fournit des données comptables sur les exploitations
agricoles (par exemple, I’excédent d’exploitation, la production, les cotits des intrants),
mais aussi des informations sur les cultures, pour 18 546 exploitations sur la période
2002-2017. Deuxiémement, nous tirons profit d’une base de données MétéoFrance. Elle
fournit des informations météorologiques quotidiennes au niveau de la grille SAFRAN

(8 km) que nous désagrégeons au niveau de la commune. Nous construisons ensuite
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des variables pour capturer l'effet des températures extrémes pendant la saison de
croissance. Une période de douze ans, de 1988 & 1999, est prise comme distribution (lo-
cale) de référence. Ensuite, les jours ou la température se situe dans les 10% inférieurs
(respectivement supérieurs) de la distribution sont considérés comme des extrémes
froids (respectivement chauds). Leur somme cumulée est notre variable capturant les
températures extrémes. A noter que notre cadre empirique controle également pour
leffet des températures moyennes et des précipitations. Troisiemement, nous nous ap-
puyons sur la base de données européenne des sols. Elle nous fournit des informations

sur la qualité du sol au niveau d’une commune en cinq classes de texture.

Nous estimons ensuite 'effet des températures extrémes chaudes et froides sur
le revenu des exploitations agricoles (i.e., I'excédent d’exploitation), en contrélant
les variables météorologiques (i.e., les températures moyennes, les précipitations), la
qualité des sols, les caractéristiques des exploitations agricoles (i.e., la surface des sols,
l'irrigation) et les informations comptables (i.e., les dépenses en intrants, les subven-
tions percues). Les résultats indiquent que les températures extrémes, tant chaudes
que froides, peuvent étre particulierement cotiteuses pour les agriculteurs. Nous es-
timons une élasticité de -0,131 (resp. -0,048) pour les degrés-jours extrémes chauds
(respectivement froids) par rapport au revenu des exploitations. En nous appuyant sur
un cadre de régression quantile (Koenker and Basset, 1978; Machado and Silva, 2019),
nous allons plus loin dans la distribution. Notre analyse révele des effets opposés des
températures extrémement froides et chaudes. Alors que les températures extrémes
froides s’averent plus néfastes pour les revenus les plus bas, et augmentent donc les
inégalités, les extrémes chauds s’averent plus néfaste pour les revenus les plus élevés,
et diminuent donc les inégalités. Nous explorons deux explications possibles pour ces
effets distributifs opposés. Premierement, il pourrait y avoir un effet de culture : la
proportion de mais dans le mélange de cultures diminue avec le revenu, tandis que
celle du colza augmente avec le revenu. Deuxiémement, il pourrait y avoir un effet de

région : la probabilité d’étre situé dans le Nord de la France augmente avec le revenu.
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Chapitre 4. Effets distributifs de I’adaptation au-
tonome au changement climatique dans ’agriculture

européenne

L’objectif de ce chapitre est de quantifier I'impact sur la distribution des revenus
de 'adaptation autonome des exploitations agricoles au changement climatique en

Europe.

Face a un changement durable de leur environnement climatique, les agriculteurs
peuvent s’adapter de maniere autonome, a leur échelle. Cette adaptation autonome
peut provenir de la marge intensive, de la marge extensive, ou encore de l'adoption de
nouvelles pratiques. Notre stratégie de modélisation repose sur un couplage souple en-
tre un modele micro-économique de 'agriculture européenne (AROPAj) et un modele
de culture (STICS). AROPAj décrit le comportement économique annuel d’un ensem-
ble d’agriculteurs européens représentatifs en termes d’allocation des terres agricoles
(cultures, paturages et prairies) et de gestion du bétail (nombre d’animaux et alimen-
tation). Le modele inclut diverses productions agricoles en termes de cultures (i.e. 24
cultures européennes majeures, prairies permanentes et temporaires) et d’élevage (i.e.
bovins laitiers et non laitiers, ovins, caprins, porcins, volailles). Chaque agriculteur
maximise sa marge brute sous réserve de contraintes techniques (par exemple, les
rotations de cultures requises) et politiques (par exemple, les paiements de la PAC,
les politiques environnementales). Pour pallier le manque d’exhaustivité du RICA,
AROPA]j est affiné en substituant une fonction extraite de STICS reliant les intrants
et les rendements a ’échelle de la parcelle. STICS simule le systeme sol-atmosphere-
culture appliqué a une large gamme de cultures et de conditions pédo-climatiques
(Brisson et al., 2003). Il nécessite des parametres climatiques, des informations sur le

sol et des données sur les pratiques de gestion agricole.

Nous considérons la trajectoire représentative de concentration (RCP) 4.5 du
SRES AR5. Le scénario climatique est ensuite traduit en variables météorologiques
par le modele atmosphérique du LSCE. Nous nous intéressons a trois horizons tem-

porels : un horizon actuel (période 2006-2035), un horizon a court terme (période 2041-
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2070), et un horizon a long terme (période 2071-2100). Nous simulons deux niveaux
d’adaptation autonome pour les agriculteurs. Premierement, un niveau d’adaptation
faible, ot les agriculteurs peuvent s’adapter a un changement de conditions météorologiques
a travers les marges extensives et intensives, mais seulement avec les cultures initiale-
ment présentes dans leur type d’agriculture. Deuxiémement, un niveau d’adaptation
fort, ou les agriculteurs peuvent en plus adopter de nouvelles variétés de cultures ou
changer la date de semis. Les résultats montrent que toute chose égale par ailleurs, le
changement climatique peut conduire a une situation pire que la situation actuelle, en
termes de bien-étre social, a court terme, en raison (i) d'une diminution de la part de
revenu pour les revenus les plus bas et (ii) d’une diminution du revenu total. Toute-
fois, la situation peut étre meilleure a long terme en raison (i) d’une part de revenu
stable pour les quantiles inférieurs et (ii) d’une augmentation du revenu total. Nous
appliquons ensuite un cadre de décomposition des inégalités issu de Chantreuil et al.
(2019) et évaluons les contributions marginales de la région et du type d’agriculture
aux inégalités de revenus. Nous examinons aussi comment ’adaptation autonome des

exploitations agricoles au changement climatique affecte ces contributions.
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