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Résumé

Cette these étudie la relation entre le commerce mondial agricole et les normes destinées a
protéger I'environnement qui interviennent en amont et en aval des échanges. Notre travail est
structuré autour de trois chapitres. Dans le premier, nous analysons les caractéristiques du
réseau des mesures non tarifaires liées a I'environnement. Le deuxiéme chapitre mesure et
examine les déterminants de 1’efficacité agro-environnementale d’un large panel de 108 pays
au cours de la période 2003-2013. Le dernier chapitre traite les effets commerciaux de la rigueur
des politiqgues agro-environnementales ainsi que I’impact de [I’hétérogénéité des
réglementations sur les flux commerciaux bilatéraux. A cette fin, nous avons utilisé différentes
approches non paramétriques et économétriques, notamment l'analyse des réseaux dans le
premier chapitre, un modele de frontiere non paramétrique dans le deuxiéme chapitre et un
modele de gravité théoriquement justifié dans le chapitre trois.

Nos résultats indiquent que la croissance des exportations agricoles des pays du Sud a été
propice a la montée des conflits commerciaux liés a lI'environnement. Alors que les pays
d'’Amérique latine et d'Asie du Sud-Est s'affirment de plus en plus comme des fournisseurs
majeurs pour de nombreuses régions, nos résultats révelent une nouvelle relation conflictuelle
liée a I’environnement, ciblant les pays en développement et émergents d'un coté et se répandant
de plus en plus au sein des pays du Sud de l'autre. Les résultats montrent aussi que, globalement,
le secteur agricole a enregistré une hausse des scores d'efficacité agro-environnementale.
Toutefois, de fortes disparités sont constatées entre les pays. Nous constatons également que
I’ouverture commerciale et la spécialisation dans les exportations agricoles entravent
I’inefficacité, confirmant ainsi 1'hypothése des «gains environnementaux du commerce». En
outre, nous montrons que les mesures non tarifaires liées a lI'environnement s'averent étre des
leviers pour améliorer la performance agro-environnementale des pays émergents, développés
et a revenu intermédiaire, induisant ainsi un phénomeéne de «nivellement par le haut» dans leurs
normes environnementales. Par ailleurs, nos résultats indiquent que la rigueur des
réglementations environnementales réduit la capacité d'exporter du groupe des CAIRNS,
confirmant ainsi I'hypothése du « paradis des pollueurs ». En revanche, les politiques
environnementales rigoureuses augmentent les exportations agricoles de I'Union Européenne et
des Etats-Unis. Etonnamment, les exportateurs en voie de développement soutiennent
également I'nypothese de Porter, suggérant que des réglementations environnementales strictes
peuvent renforcer leur capacité d'exportation. Enfin, nous concluons que I'hétérogénéité agro-
environnementale entre les pays est plus déterminante pour la marge intensive des échanges
agricoles que les accords commerciaux. Cependant, ses effets varient selon les groupes de
revenus des pays exportateurs et importateurs.

Mots clés : Agriculture, produits vegétaux, commerce international, analyse des réseaux,
efficience, politiques agro-environnementales, modéle de gravité



Abstract

This thesis investigates the relationship between international agricultural trade and standards
intended to protect the environment, considering both upstream and downstream measures. The
work is structured around three chapters. In the first one, we analyze the network of
environmentally-related non-tariff measures. Chapter 2 investigates the stringency and the
determinants of agri-environmental regulations by measuring their efficiency in a large panel
of 108 countries during the period 2003-2013. The last chapter examines the effects of agri-
environmental regulations’ stringency and heterogeneity on the intensive margin of trade
between 108 countries over the same period. To this end, we used non-parametric and
econometric approaches. We employ the network analysis in the first chapter whereas we use
a non-parametric frontier model and the double bootstrapped truncated regression in chapter
two. In chapter three, we use a theoretically justified gravity model of trade.

Our findings indicate that trade growth of southern countries has been conducive to rising
environmentally-related trade conflicts. While Latin American and Southeast Asian countries
are increasingly asserting themselves as major suppliers for many regions of the world, our
results reveal new environmentally-related conflictual relation targeting developing and
emerging countries on one side and increasingly spreading within southern agro-producers on
the other. Further results show that the sector of crops has witnessed globally an increasing
trend in average agri-environmental efficiency. An intriguing finding is that agricultural trade
openness and the specialization in crop commodities’ exports hamper the inefficiency,
supporting therefore the “environmental gains-from-trade” hypothesis. In addition, our results
show that environmentally-related NTMs turn out to be levers for enhancing the agri-
environmental performance of exporters, especially in the BRICS and high as well as middle-
income countries. Nonetheless, low income countries react differently and record a
deteriorating agri-environmental performance due to environmentally-related NTMs. We also
show that the stringency of environmental regulations turns out to be trade reducing in the
CAIRNS group, supporting thereby the pollution haven hypothesis. By contrast, rigorous agri-
environmental policies have a significant trade-enhancing effect on bilateral agricultural
exports of the EU and the USA. Surprisingly, low and middle income countries support also
the Porter hypothesis, suggesting that strict environmental regulations can enhance their
competitive advantage against foreign rivals. Finally, we conclude that difference in exporter
and importer environmental regulations is more relevant to agricultural trade than trade
agreements. However, trade effects vary according to the income groups of exporting and
importing countries.

Keywords: Agriculture, crops, trade, NTMs, network analysis, efficiency, agri-
environmental regulation, gravity model
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Introduction

“Until we understand why our society adopts its policies, we will be poorly equipped to give
useful advice on how to change those policies.”
(Stigler, 1975, page ix)

Agriculture was the subject of broad exceptions to the rules of multilateral trade laws until
the 1980s. The exclusion of the primary sector was gradually perceived as problematic, whereas
the international community was regularly criticizing border protection, domestic support and
export subsidies in Europe and elsewhere (Croome, 1995). Although the inclusion of
agricultural negotiations in GATT disciplines was crossed by strong oppositions, negotiations
have made significant progress since the creation of the agreement on agriculture (AoA
hereafter).

In fact, the Uruguay round (1986-1994) was launched with the aim of bringing peace on
markets and deepen international trade while resolving the booming public agricultural
expenditures in developed countries. On April 15", 1994, the Marrakesh agreement was signed
and marked the end of the Uruguay round of multilateral trade negotiations. Simultaneously,
four major sub-agreements were reached under the “agricultural package”. Among which, we
note the AoA and the agreement on sanitary and phytosanitary (SPS) measures.

The AoA provides a framework for the long-term reform of agricultural trade and domestic
policies by addressing the following issues. First, it tackles provisions that encourage the use
of less trade-distorting domestic support policies to maintain the rural economy (Anderson,
2009) while ensuring a certain flexibility in the implementation of commitments. Second, the
agreement addresses the specific concerns of developing countries, namely food security of net-
food importing countries and the least-developed economies.

Additionally, the SPS agreement recognizes that governments have the right to pursue non-
economic targets and addresses market failures (namely information asymmetries and negative
environmental externalities) without imposing barriers to trade (Beestermdller et al., 2018;
Cadot et al., 2018; Disdier et al., 2008). In sum, and according to the WTO (2001a), the
agricultural package provides for commitments in the following areas:

o First, the market access issue where non-tariff border measures are replaced by tariffs
that provide substantially the same level of protection.

e Second, WTO members are required to reduce the value of direct export subsidies with
respect to their level of development.



e Finally, domestic support devices that have a minimal impact on trade are excluded from
reduction commitments and are gathered in a “green box”. The latter includes specific
forms of decoupled subsidies, income support and direct payments under environmental
and regional assistance programs. However, amounts of domestic support are defined
according to the level of development of countries.

In 2001, multilateral agricultural negotiations resumed within the framework of the Doha
development agenda to achieve greater trade liberalization by strengthening market access,
eliminating export subsidies, reducing distorting domestic support and dealing with several
developing country issues (WTO, 2001b). Although the Doha ministerial elicited an optimistic
agreement to launch the agenda, the subsequent conferences of Cancun (2003) and Hong Kong
(2005) did not share the same positive fate and failed to deal with agricultural issues (Flente &
Ponte, 2017). However, the WTO ministerial conferences in Bali (2013) and Nairobi (2015)
provided direct impetus to multilateral negotiations, particularly in the agricultural field (Pavot
& Dufour, 2016) and remained in line with the AoA.

According to Bellmann (2014), the Bali package is an agreement on a small subset of issues
being negotiated under the Doha round. Regarding the field of agriculture, the ‘‘mini-package”
includes four decisions (WTO, 2013). First, an agreement to negotiate a permanent solution to
public stockholding for food security purposes. The same decision states to refrain from
challenging breaches of domestic support commitments resulting from developing countries'
public stockholding programs for food security. Second, the agreement calls for more
transparency in tariff quota administration and for governments not to create trade barriers by
how they distribute quotas among importers. The third decision qualifies the land use, land
reform, water management, and other poverty-reduction programs for green box support.
Finally, the agreement provides a declaration to reduce all forms of export subsidies and to
enhance transparency and monitoring.

Due to the difficult negotiations that followed ministerial conferences in Bali, there were
fewer expectations for a successful and substantial agreement in Nairobi. Despite the overall
lack of consensus, an agreement was reached in 2015. As stated by the ministerial declaration
of the WTO (2015), it includes the following provisions regarding agricultural commodities.
Firstly, a legally binding agreement that seeks the removal of export subsidies in agriculture by
2020 for developed countries, and by 2023 for developing countries. Secondly, the WTO
members agreed to engage constructively in finding a permanent solution that allows
developing countries to use public stockholding to ensure food security. Finally, WTO members
agreed to continue negotiations on a special safeguard mechanism that would allow developing
countries to temporarily raise tariffs on agricultural products in cases of import surges or price
falls. In sum, and apart from the decision to eliminate agricultural export subsidies, the Bali and
Nairobi packages regarding this sector can be summed up in a series of ‘‘peace clauses” that
favor mostly developing countries in addition to the commitment of WTO members to negotiate
further market access.



Although the Nairobi outcome has energized the Doha round, the future for the multilateral
trading system is questioned by several scholars in the absence of a universal endeavor. Martin
and Mercurio (2017) argue that the Nairobi Ministerial has marked the end of the Doha round
and suggest that the inability of WTO members to reach a comprehensive agreement is likely
to foster plurilateral agreements (e.g. FTA, PTA, etc.) at the expense of the single undertaking
and the multilateral level. In turn, the break point according to Wilkinson et al. (2016) is the
privileged position of developing countries compared to their developed counterparts.

In this regard, emerging and developing countries have become important players in
multilateral trade negotiations after numerous accessions, which reinforced opposition across
agricultural negotiations. Indeed, the divide between the North and the South is far from being
the only cleavages (WTO, 2017). First, we distinguish the Europe - United States duopoly that
has set the main agricultural parameters for the Uruguay Round in conjunction with highly
protective countries, namely the group of Ten! (G10). The latter brings together mainly net
food-importing and industrialized countries that grant significant protection to their agriculture.
Essentially defensive, these countries protect their domestic policies by promoting
multifunctional and environmentally friendly agriculture.

Second, few industrialized countries (notably Canada, Australia and New Zealand) have
escaped this rule and allied themselves to several developing nations such as Argentina, Brazil,
Uruguay and Thailand. They jointly putted forward their comparative advantages and formed
the CAIRNS group? in 1986. This has marked the first step in the aggressive participation of
developing countries in agricultural negotiations. The group has been denouncing tariffs and
export subsidies of highly protective countries as they have historically distorted trade and
negatively impacted their exports.

Third, and contrary to the CAIRNS, the group of Twenty® (G20) plays the role of a
counterweight to exert the influence of developed countries and assert the rise of emerging
economies (Daviron & Voituriez, 2006). Created in 2003 at the WTO ministerial conference in
Cancun, the G20 gathers mostly developing net food exporters and endeavors to audit northern
countries’ proposals to make them favorable to the South.

Cleavages continue to spread within southern countries with the emergence of the group of
thirty-three (G33) and the G90 during the Doha round. Their interests are indeed opposed to
those of the CAIRNS and G20. In fact, some countries have poorly modernized their
subsistence agriculture due to various factors, namely unfavorable natural conditions, low land
use, low-productivity workforce and lacking infrastructure. Accordingly, they have increased
their customs duties to protect their fragile sector from international competition.

! Marked by an economic dependence on the United States and Europe, the G10 is composed of Bulgaria,
Korea, Iceland, Israel, Japan, Liechtenstein, Mauritius, Norway, Switzerland and Taiwan.

2 Composed of South Africa, Guatemala, Argentina, Indonesia, Australia, Malaysia, Bolivia, New Zealand,
Brazil, Paraguay, Canada, Philippines, Chile, Thailand, Costa Rica and Uruguay.

3 Composed of Argentina, Bolivia, Brazil, Chile, China, Cuba, Ecuador, Egypt, Guatemala, India, Indonesia,
Mexico, Nigeria, Pakistan, Paraguay, Peru, Philippines, South Africa, Tanzania, Thailand, Uruguay, Venezuela
and Zimbabwe



The G33* group brings together countries characterized by subsistence-oriented agriculture
in addition to nations with the ambition to pursue agricultural policies (e.g. Venezuela and
Turkey). The latter are jointly seeking to exempt southern countries from agricultural
liberalization. Finally, the G90 is often described as the group of the 90 poorest countries
(namely the least developed nations and African, Caribbean and Pacific group) and is
considered as the least active in multilateral negotiations due to its large size.

According to Bellmann (2014), coalitions of developing countries have marked the Doha
negotiating process of the Bali package. For instance, the G20 has submitted two proposals
concerning export subsidies and tariff rate quotas that favor reform in developed countries’
trade policies. Meanwhile, the G33 coalition had rallied around the Indian proposal on public
food stockholding for food security (Pavot & Dufour, 2016). The latter was controversial and
caused negotiations to break down in November 2013 (Efstathopoulos & Kelly, 2014).
Eventually, the USA and India have negotiated a bilateral and indefinite ‘‘peace clause” to
protect India’s food security program from being legally challenged under the WTO until a
permanent solution is reached (Flentg & Ponte, 2017).

Regarding environmental issues, they had a low priority over the first four decades of the
GATT (1947-1994) but came back with a vengeance in the early 1990s. This is particularly true
for agriculture, a sector of great interest in developed and developing countries and usually
subject of natural resources’ exhaustion. Accordingly, managing depletable resources such as
biodiversity, water and soil became more challenging for agriculture and critically important
whether for ensuring food security (S. Khan & Hanjra, 2009; Tilman et al., 2002), conserving
ecosystem services (Dominati et al., 2010; Ribaudo et al., 2010) or coping with global warming
(Battisti & Naylor, 2009). To tackle these issues, several countries have been implementing
environmental devices to enhance agricultural productivity in an ecologically sustainable
manner (Moon, 2011).

Several studies have addressed the relationship between agricultural trade and the
environment. Some of them were interested in the environmental drawbacks of agricultural
trade like Duarte et al. (2019) and Fracasso (2014) who examined the determinants of global
virtual water trade using the gravity model. Both studies have shown that the virtual water
embodied in agricultural goods is affected by the classical economic, institutional and
geographic variables. Additionally, national water endowments and the level of pressure on
water resources turn out to be determinant for virtual water trade.

A second type of studies has investigated the impact of climate change on agricultural trade.
El Hadri et al. (2018) show that natural disasters appear to reduce agricultural exports of about
3% regardless the location. Jones and Olken (2010) showed that agricultural exports from

4 Composed of Antigua and Barbuda, Guyana, Nicaragua, Sri Lanka, Barbados, Haiti, Nigeria, Suriname,
Belize, Honduras, Uganda, Tanzania, Benin, India, Pakistan, Trinidad and Tobago, Botswana, Indonesia, Panama,
Turkey, China, Jamaica, Peru, Venezuela, Congo, Kenya, Philippines, Zambia, Korea, Madagascar, Saint Kitts
and Nevis, Zimbabwe, Ivory Coast, Mauritius, Saint Lucia, Cuba, Mongolia, Saint Vincent and the Grenadines,
Grenada, Mozambique and Senegal.



developing countries to the United States are particularly reduced due to direct impacts of
climate shocks on crop yields. In the same vein, Péridy and Brunetto (2013) underlined the
double impact of climate change on agricultural trade in MENA countries. Rising temperatures
and decreased precipitation not only lower their export capacity but also increase their
dependency to cereal and milk imports.

A third category of studies was more interested in the relationship between trade and
environmental regulations. From a theoretical perspective, the issue has been a hot topic for
economists for some years now. As presented in Figure I. 1, a first school of thought relates to
the environmental outcomes of trade openness. In this regard, the “race-to-the-bottom”
hypothesis was initially formulated in the context of local competition for investments and jobs
within federal states in the USA before 1970. Back then, responsibilities for the environment
were decentralized. The theory argues that increased competition for trade and foreign direct
investment could lead to lowering environmental standards and regulations (World Bank, 2000;
WTO, 1999).

However, few studies have countered this negative link using the terms “race to the top” and
“the gains-from-trade hypothesis”. For instance, Frankel and Rose (2005) examined the positive
impact of globalization on environmental regulation and argued that increased trade could
eventually lead to better environmental protection. This finding was supported later on par other
scholars, namely Dong et al. (2012), Yao & Zhang (2008) and Tamazian et al. (2009).

In fact, this hypothesis adds to a growing number of trade theories, from old doctrines to the
new trade theory. The latter have highlighted the outcomes of free trade and, accordingly,
impacted on policy at many levels. We recall that free trade was first initiated by the absolute
advantage theory of Adam Smith to achieve production efficiency at a global level (Smith &
Skinner, 1999). He argues that the division of labor in the nascent large-scale industries allows
for lowering labor costs, ensuring therefore effective competition across countries. Basic
premises of the free trade theory were further developed by Ricardo at the beginning of the 19'"
century. His theory is based on the comparative advantage, which is both necessary and
sufficient to ensure mutually gainful trade across countries (Ricardo, 2001).

Later on, free trade theory moved away from the Ricardian comparative cost doctrine and
the technology-based explanation to endowment-based interpretations for nations having
similar access to technology (Sen, 2010). The Heckscher-Ohlin, and later Heckscher— Ohlin—
Samuelson (HOS) versions laid a foundation for the defense of free trade as Pareto-optimum
(Samuelson, 1949). In turn, Linder (1961) provides a demand-based framework for explaining
product differentiation and intra-industry trade. In his theory of overlapping demand, he argues
that representative demand in the trading countries determines the feasibility of trade between
them.

In the framework of new trade theory, Ethier (1984) and Krugman (1981) argue that
production achieves a global span in terms of location through countries which are external to
the firm but internal to the industry. Thus, relocating production away from economies where
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it is not cost-efficient allows for a better cost reduction on a global scale. This argument put
forward the potential gains to all trading countries by achieving increasing returns on a global
scale (Krugman, 1981), which is considered as an additional incentive for free trade. Finally,
Grossman and Helpman (1991) argue how a country’s research and development sector can be
enhanced by international trade. They show that free trade increases competition and expands
the market size in which innovative firms produce.

Figure I. 1. Main theories of environmental economics and trade
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Regarding the environmental aspect, Figure 1. 1 shows that the second school of thought
relates more to environmental regulations’ impact on competitiveness. According to the
traditional assumption, known as the “pollution haven” hypothesis, an environmental regulation
adds additional constraints on the possible actions of companies and increases thereby their
production costs. Eventually, this would affect negatively their competitive position on the
international market (Taylor, 2005). This theory suggests that countries tend to reduce their
firms’ production costs by applying more lenient environmental regulations. Thus, they
improve their ability to export despite the possibility of becoming pollution havens. The
hypothesis implies a deliberate strategy on the part of host governments to purposely
undervalue the environment and attract new investment.

On the other side of this debate, the negative link between environmental regulations and
competitiveness was questioned first by Porter (1991) and then by Porter and Van der Linde
(1995). Based on what is now known as the “Porter hypothesis”, the introduction of well-
designed environmental regulations leads, in most cases, to innovation. The latter will
ultimately generate a rent to cover the costs of compliance and will eventually allow firms to
reach new markets. Put differently, this approach emphasizes the potential synergic effect
between environmental regulation and trade competitiveness. Several empirical studies, namely



Jiménez-Parra et al. (2018) and Pautrel (2009) have confirmed the positive link between
environmental policies and growth. However, and to the best of our knowledge, few studies
regarding the agricultural sector are available. Runge and Nolan (1990) were the first scholars
to address the issue by drawing a descriptive analysis of trade distortion effect of environmental
and health regulations. They conclude that developing countries may be prevented from selling
their agricultural products to richer nations because they fail to reach environmentally
acceptable standards.

One year later, Tobey (1991) provided a sketchy evidence on environmental policies’ effects
on agricultural trade. He performed a simple correlation analysis between the revealed
comparative advantage index with the overall pollution content ordinal ranking index of 10
primary crops of the United States. He found that the crops in which the country performs best
in world trade are also the most polluting. Diakosavvas (1994) extented the analysis of Tobey
(1991) and tested the hypothesis of whether international trade for agriculture is hampered by
environmental control policies. His method was based on the Heckscher-Ohlin theorem of
comparative advantage to deal with the environment as a productive capital. The author found
that trade patterns of polluting commodities have mostly deviated from the Heckscher-Ohlin
predictions due to environmental control measures.

Few years later, Feix et al. (2008) have reignited the debate and employed a cross-section
approach of the Heckscher-Ohlin-Vanek model to examine the relation between net exports of
agribusiness sectors and the environmental regulation. The latter was proxied by the
Environmental Performance Index of Esty et al. (2008) as well as the emissions of greenhouse
gases (GHG). Nonetheless, results were not conclusive and varied according to the commodity
and exporting countries’ origin. More recently, Ramzy and Zaki (2018) showed that stringent
environmental regulations affect positively agricultural exports between the European Union
and 20 MENA countries during the period 2001-2014. They employed the gravity model and
followed the method of Feix et al. (2008) by introducing the Performance Index and total GHG
emissions as indicators of environmental regulation.

Given these mixed results, the relationship between rules aimed at liberalizing trade and
standards intended to protect the environment has been the source of controversy for many
years. In this regard, our work seeks to contribute to this debate. By examining Figure I. 2 that
summarizes the structure of the present thesis, we understand that the answer is not that obvious.
The scheme shows that trade can be directly or indirectly affected by agri-environmental
regulations that impose additional costs to producers. Accordingly, the adequacy to new
environmental patterns requires changes of production techniques and final goods.

Additionally, environmental regulations can be supported by trade restrictions in order to
become more effective. This is the case of border measures that play a determining role in
agricultural trade. Despite the progressive reduction of customs duties resulting from the
successive rounds of the GATT and WTO, Bureau and Jean (2013), Liapis (2015) and the WTO
(2012) argue that agricultural products are the most concerned by the rise of non-tariff measures
(NTMs), particularly in terms of technical barriers to trade (TBT) and sanitary and
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phytosanitary (SPS) measures. The reduction of explicit barriers to trade such as quotas and
customs duties has thus been accompanied by a multiplication of technical, procedural and
regulatory provisions. The latter are governing trade flows and compromizing current and
future trade agreement negotiations (Claquin et al., 2017).

Figure I. 2. Structure of the thesis

Environmental

Regulations

Agricultural
Upstream measures > i
> > production
™
g c’@
& %
s @
(W)
Y
Downstream . A Agricultural Trade
measures g

Source: the figure is made by the author.

Non-tariff measures were in turn the focus of a vast literature to characterize their impact on
agricultural trade using traditional gravity models. For instance, Fontagné et al. (2005) reported
that the trade-distorting effects of non-tariff barriers (NTB) were important in the food trade.
Moreover, they highlighted their negative effects on fresh and processed food products. In turn,
Disdier et al. (2008) showed that NTMs constitute obstacles and considerably reduce exports
from developing to OECD countries. Nonetheless, NTMs do not affect trade between OECD
members according to this study. In addition, Péridy & Ghoneim (2013) have shown that NTMs
significantly reduce trade in almost all MENA countries, including sanitary and phytosanitary
measures and TBT to a lesser extent. In sum, the above-mentioned studies demonstrate the trade
distortion effect of NTMs (or NTBs).

An alternative strand of empirical studies suggests that NTMs expand trade and can act as
market-creating “catalysts”. Cadot et al. (2018) argue that well-designed SPS and TBT
measures have a trade-facilitating effect although they raise prices. They show that technical
NTMs can have a demand-enhancing effect and correct pre-existing market failures. In turn,
Maertens and Swinnen (2007) conducted two case-studies in Madagascar and Senegal to
analyze the local welfare effects of high agricultural standards imposed by developed countries.
Their main findings suggest that they can be a catalyst for trade, growth and poverty reduction
in developing countries.



Nonetheless, technical NTMs, namely TBT and SPS measures, are environmentally-related
according to Fontagné et al. (2005). Despite its significance, this feature was not fully covered
by the existing literature and several questions related to their environmental aspect remain
asked.

As presented in Figure 1. 2, this thesis investigates at different levels the relation between
international trade, upstream and downstream environmental regulations using empirical
analyses and considering the income heterogeneity of countries. Along this line, this research
extends previous findings and highlights that environmental regulations related to the
agricultural sector (agri-environmental regulations hereafter) take many forms. The latter are
thereby crucial to understand the new trade patterns. With this in mind, several questions arise:

e Have trade growth led to stronger environmentally-related conflict between major
supplying countries?

e How can we measure the stringency of agri-environmental policies?

e Is the agri-environmental performance affected by international trade features? If that is
the case, did they encourage a “race to the bottom” or a “race to the top” in environmental
standards?

e Regarding bilateral trade flows, are agricultural exports affected by environmental
regulations? If so, do they support the “Porter hypothesis” or the “pollution haven
theory”?

e Finally, does the difference in exporter and importer environmental regulations affect
their bilateral trade flows?

We try to answer these questions and contribute to current strands of literature by examining
the relationship between trade and environmental regulations after the implementation of the
AoA. Thereby, we examine the new patterns of agricultural trade using both upstream and
downstream environmental regulations. On the one hand, we extend our analysis beyond the
simple quantification of trade volumes and investigate the network structure of technical NTMs.
The purpose is to identify the new “hot-spots” of environmentally-related disputes. On the other
hand, this research focuses on upstream environmental measures that affect agricultural
production. The idea here is to compute their efficiency and explain their variability across-
countries. Finally, we explore new environmental determinants of the capacity for exporting
crop commodities considering the income heterogeneity of countries.

This thesis is organized around three chapters. Chapter 1 draws a descriptive analysis that
will guide the rest of our work. The conducted study identifies the recent international dynamics
of crop commodities’ trade. Besides, we extend the analysis by including downstream
environmental regulations that affect agricultural trade, namely technical NTMs. Then in
Chapter 2, we focus on upstream measures and examine the recent greening agricultural reforms
that have marked several countries around the word. To that end, we measure the agri-
environmental efficiency of a large country sample and investigate its determinants. Finally,



Chapter 3 examines the effects of agri-environmental regulations’ stringency and heterogeneity
on the intensive margin of trade.

Chapter 1 investigates the new patterns of agricultural trade and deals with one of the most
visible and effective facets of the AoA, namely the environmentally-related NTMs. The study
addresses more precisely the bilateral specific trade concerns (STCs hereafter) raised at the SPS
and TBT committees, and closely tied to agricultural commaodities (Horn et al., 2013). To that
end, we use the tools of network analysis introduced by Harary (1953) to visualize the evolution
of the regulatory distance between WTO members over the period 2003-2013. The second
motive is to understand to what extent developing and emerging countries are concerned by
environmentally-related trade conflicts.

The concept of interdependence lying within the network analysis is in fact the basic motive
behind choosing this tool. To the best of our knowledge, this is the first time that the analysis
of bilateral STCs has been expanded to study their global structure using network techniques.
Additionally, we compute the centrality measures developed by Bonacich (1987) and Newman
(2010) as a way of describing the level of country heterogeneity in bilateral STCs on the one
hand, and to identify the new “hotspots” of the environmentally-related conflicts on the other.

Our analyses indicate that agricultural trade has been marked by a strong growth in
developing and emerging countries. This increase was less reflected by market share gains in
exports to developed nations than by a strong increase in "South-South™ flows, which is
detrimental to high income suppliers. In addition, the structure of trade has become more
complex in 2013 compared to 2003 and is marked by a growing interconnection and lower trade
concentration.

Further results show that bilateral STCs can be thought of as networks. The latter confirm
the “old” offensive position of industrialized countries, namely Japan, the US and the European
Union. An interesting finding is that this effect has been dissipating over time, suggesting that
high income countries have left their central positions within the environmentally-related STC
network to several emerging and developing agricultural suppliers, namely Peru, Argentina,
Brazil and Indonesia. Accordingly, it appears as if trade growth of southern countries has been
conducive to rising environmentally-related trade conflicts. Finally, our results reveal new
environmentally-related conflictual relation targeting developing and emerging countries on
one side and increasing environmental tensions within southern agro-suppliers on the other.

Although suggestive, findings of chapter 1 do not give full account of the environmentally-
related implication of the agreement on agriculture. In chapter 2, we focus on its repercussion
on upstream agricultural production systems, and more precisely, on agri-environmental
policies around the world. To that end, we conduct a large-scaled empirical application to
measure the agri-environmental efficiency of 108 countries over the period 2003-2013.

The evaluation is based on a two-step data envelopment analysis model developed by
Andersen and Petersen (1993). As a first step, we use time-varying data and undesirable output
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to compute the efficiency scores following the method of Seiford and Zhu (2002). We employ
in the second step the double bootstrapped truncated regression suggested by Simar and Wilson
(2007) to conduct a sensitivity analysis and test the effect of a wide range of variables, in
particular international trade features, on the agri-environmental inefficiency. In this model, we
consider the income heterogeneity of countries and control for country-specific unobserved
heterogeneity.

The findings show that the sector of crops has witnessed globally an increasing trend in
average agri-environmental efficiency between 2003 and 2013. An interesting and somewhat
expected result is that the agri-environmental performance of developing countries is more
sensitive to climatic variables compared to emerging and high-income economies. Moreover,
the effect of environmental protection’s expenditure is highly detrimental to the agri-
environmental inefficiency in low and middle income countries, whereas the effect is weaker
in the BRICS and high income economies. An intriguing finding is that agricultural trade
openness and the specialization in crop commodities’ exports hamper the inefficiency. We
confirm by this means the “environmental gains-from-trade” hypothesis.

In addition, our results show that environmentally-related NTMs affect considerably the
agri-environmental performance. In fact, technical barriers to trade and sanitary and
phytosanitary measures turn out to be levers for enhancing the agri-environmental efficiency of
exporters especially in the BRICS and high as well as middle-income countries. This would
suggest that the overall increase of environmentally-related NTMs against tariff dismantling in
the agricultural sector has aligned developed, emerging and middle income exporting countries
with their partners’ strict regulations. Accordingly, this has induced a “race to the top”
phenomenon in their domestic environmental standards. Nonetheless, low income countries
react differently and show a deteriorating agri-environmental performance due to technical
NTMs.

In Chapter 3, we deeply examine the question of agricultural trade and the environment using
the computed efficiency scores as a proxy of the stringency of environmental policies. On the
one hand, the chapter investigates whether the agricultural sector support the “Porter theory”
(Porter, 1991) or favor the “pollution haven hypothesis”. On the other hand, this research
furthers the analysis by determining the trade effect of regulations’ heterogeneity, highly
determined by the level of development of exporters and importers.

To that end, we employ the theoretically justified gravity model of trade of Anderson and
van Wincoop (2003) to examine the impact of environmental policies’ stringency on exports,
focusing on trade creation and diversion effects. The model is tested on a sample of 108
countries over the 2003-2013 period and using bilateral export data for crop commodities. To
obtain unbiased and consistent estimates, we considered the endogeneity bias problem due to
omitted variables by controlling for time-varying multilateral resistance terms and country-pair
fixed effects following the method of Yang and Martinez-Zarzoso (2014). Additionally, we use
a high- dimensional fixed effects Poisson pseudo maximum likelihood (PPML) model of Santos
Silva and Tenreyro (2006) to solve the zero-trade issue and the presence of heteroskedasticity.
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Results show that the stringency of environmental regulations is determinant for bilateral
agricultural exports. However, our findings are sensitive to the level of development of
exporting countries. First, the environmental stringency turns out to be trade reducing in the
CAIRNS group, supporting thereby the pollution haven hypothesis. This finding suggests that
free agricultural trading nations characterized by lenient environmental regulations have gained
comparative advantages in pollution-intensive goods and are turned into pollution havens.

By contrast, rigorous agri-environmental policies have a significant trade-enhancing effect
on bilateral agricultural exports of highly protective and industrialized countries such as the EU
and the USA. Similarly and surprisingly, further results show that low and middle income
countries with higher agri-environmental performances export larger volumes of crop
commodities, supporting therefore the Porter hypothesis. Our findings suggest that strict
environmental regulations can enhance the competitive advantage of developing countries
against foreign rivals.

In addition, we note that agricultural commodities react differently to environmental
regulations. The sector of fruit and vegetables is more sensitive to this determinant unlike
cereals that remain relatively less affected. Finally, our results show that difference in exporter
and importer environmental regulations is more relevant to agricultural trade than trade
agreements. Overall, the environmental gap between two trade partners is decreasing slightly,
but significantly, crop commodities’ exports. However, trade effects vary according to the
income groups of exporting and importing countries.

To conclude, the relationship between trade and the environment has long been a concern of
researchers in economics. The key results emerging from these chapters enable us to clarify the
complex relationship between agricultural trade and environmental regulations, especially
when we consider the environmentally-related NTM in conjunction with upstream policies.
Overall, the present research reveals the positive relationship between agricultural trade and
environmental regulations. Although this finding is highly determined by the income
heterogeneity of countries, it shows so far promising results related to southern countries.

Finally, we want to point out that our study is limited to crop commodities, excluding thereby
livestock products. This choice is in fact purely technical. First, crop commaodities share similar
production process and have thereby similar environmental impact (this issue is discussed in
chapter 2). Accordingly, they are subject to the same agri-environmental measures unlike other
products such as live animals, meat and dairy production. The second motivation is the strategic
role of these products in both developed and developing countries (this point is discussed in
section 3.3.1 in Chapter 3). The present study includes 108 countries that together account for
more than 90% of the world’s food crops production and covers the period 2003-2013.
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1. Chapter 1. The new “hotspots” of the
environmentally-related non-tariff
measures: New evidence from network
analysis

1.1.Introduction

The aim of this first chapter is twofold. First, we investigate the new patterns of agricultural
trade over the past years and characterize the recent international dynamics of crop
commodities. Nonetheless, the study of international trade needs to be expanded. It should
integrate new perspectives other than the quantification of trade volumes, namely technical non-
tariff measures (NTMSs) that influence international trade as acknowledged by Cadot et al.
(2018). This is the central objective of this work.

In fact, the signature of the agreement on agriculture (AoA hereafter) in 1994 is usually
considered as a breakpoint in the history of global food trade (Anderson, 2009; Bureau & Jean,
2013). The aim behind the agreement was to open a new era of trade growth and enhance the
liberalization of domestic markets. Additionally, several developed countries have restructured
their agricultural policies since the mid-1990s and implemented progressively the agenda of
trade liberalization. The project sought also to define new rules for fairer competition between
exporting countries and better market access. To that end, the World Trade Organization
(WTO) implemented a regulatory framework for environmental and food safety concerns in
order to achieve these targets.

Therefore, we deal with one of the most visible and effective facets of the agreement on
agriculture, namely the environmentally-related non-tariff measures. The study addresses more
precisely the bilateral specific trade concerns (STCs) raised at the sanitary and phytosanitary
(SPS) and technical barriers to trade (TBT) committees that are closely tied to agricultural
commaodities (Horn et al., 2013). We thereby employ network techniques to assess the different
characteristics of STCs related to crop commodities. The purpose of this descriptive analysis is
to provide a global vision of the international agricultural market over time and integrate
different groups of countries to capture the extent to which environmental NTMs affect
international trade.

Network analysis has rapidly evolved in recent years. Traditionally, scholars explore trade
flows data using network techniques at both aggregated (De Benedictis & Tajoli, 2011;
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Garlaschelli & Loffredo, 2005; Kali & Reyes, 2007) and sectoral (De Benedictis et al., 2014;
De Benedictis & Tajoli, 2010; Puma et al., 2015) levels. Before going into technical details, it
IS appropriate to answer a preliminary question: why do we want to look at the structure of
bilateral STCs using network analysis? First, networks are about relations and the dyad “origin-
destination” is the fundamental piece of their information. In other words, the analysis is
structured around the relationship between the country of origin and the destination instead of
the monads. The specificity of graphs is that the link between both countries is not analyzed in
isolation. In fact, their relation is studied by focusing on its structural dimension while taking
into account the effect of neighbors. Accordingly, the network (or graph) is constructed by
extending the effect of others to the many third parties included in the set of possible STCs’
relations.

The implication of this “structural view” is that the environmentally-related conflictual
relation between countries cannot be considered independent from the relation between the
origin and destination country, as well as between the destination and the third country. The
concept of interdependence lying within the network analysis is thereby the basic motive behind
choosing this tool in our study. To the best of our knowledge, this is the first time that the
analysis of bilateral STCs has been expanded to study their global structure using network
analysis.

Starting from the visualization of the network of SPS and TBTs’ specific trade concerns, we
define and describe its topology in the weighted version. We then calculate and discuss some
of the commonly used statistics of network. The graph is calculated using bilateral STCs
notified in 2003 and 2013. The data come from the integrated trade intelligence portal (I-TIP)
of the World Trade Organization (WTO, 2018). We consider the period 2003-2013 to be in line
with chapter 2 in which, the study extends to 2013 due to missing data. In order to visualize the
evolution of the regulatory distance between trade partners and understand to what extent
developing and emerging countries are concerned by environmentally-related trade conflicts,
we compare between two graphs relative to the above-mentioned years. We finally focus on
centrality measures as a way of describing the level of country heterogeneity in STCs’
networks.

Our findings indicate that agricultural trade has been marked by a strong growth in
developing and emerging countries. This increase was less reflected by market share gains in
developed importers than by a strong increase in "South-South” flows, which is detrimental to
high income suppliers like the US and the EU. In addition, trade structure has become more
complex in 2013 compared to 2003 and marked by a growing interconnection and lower trade
concentration. Further results show that bilateral STCs can be thought of as networks. The latter
confirm the “old” offensive position of industrialized countries, namely Japan, the US and the
European Union. An interesting finding is that this effect has been dissipating over time,
suggesting that high income countries have left their central positions within the
environmentally-related STCs' network to several emerging and developing suppliers, namely
Pe