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Agriculture, trade, and environmental policy

Abstract

Agriculture plays a pivotal role in shaping global land use, with nearly half of the
world's habitable land dedicated to agricultural activities. While essential for
meeting humanity's food needs, agriculture also exerts considerable pressure on
local and global environments. Addressing these environmental externalities
presents an urgent challenge for policymakers. This thesis comprises three papers
that aim to inform policy by examining the sources behind agricultural pollution
trends and exploring how shifting food preferences and different emissions policy
strategies impact agricultural land use, emissions, trade flows, consumption patterns,
and social welfare.

Paper I uses index decomposition methods to decompose nitrogen and phosphorus
leakage trends from Swedish arable land. Importantly, we find only modest leakage-
decreasing technique effects, mainly driven by increased yields per hectare rather
than reductions in per-hectare nutrient leakage. We argue that lax regulation of
agricultural pollutants is a key factor behind these results.

Paper II studies the use of strategic trade policy by high-income countries to reduce
global emissions, providing theoretical definitions and quantitative evidence on the
relevance of ‘Environmental Comparative Advantage’ (ECA). Our results show that
if a region has a global ECA in a pollution-intensive good whose production emits a
transboundary pollutant, there may be a role for subsidising that good to displace
even dirtier production elsewhere. We test policy alternatives quantitatively using a
novel Ricardian EU-South America trade model, focusing on beef and GHGs.

Paper III uses a structural trade model calibrated to food and feed crop production
in the Global South and the Global North to analyse the quantitative implications of
a hypothetical decline in wealthier consumers' relative preference for meat. The
results suggest that a five percent decline increases the share of global cropland
allocated to food crops, and net meat consumption falls by one percent, with some
shifting from the North to the South. These changes benefit all consumers but reduce
landowners' rents due to lower crop prices. The limited impacts suggest that making
the food system more resource-efficient will require additional targeted policy.

Keywords: agriculture, local and global pollution, land use, strategic trade policy,
environmental comparative advantage, emissions regulations, meat consumption



Jordbruk, handel, och miljopolitik

Sammanfattning

Jordbruk spelar en avgorande roll for den globala markanviandningen; nidstan hilften
av vérldens beboeliga landyta anvénds for jordbruksverksamhet. Samtidigt som det
ar helt nodvéndigt for att mota vérldens livsmedelsbehov, medfor jordbruk ocksa
betydande miljobelastningar. Att hantera dessa utgdr en bradskande utmaning for
beslutsfattare. Den hér avhandlingen bestar av tre artiklar som syftar till att stodja
styrmedelsutformning genom att undersoka kéllorna bakom fororeningstrender fran
jordbruket samt hur férindrade matpreferenser och strategisk miljopolitik paverkar
jordbrukets markanvéndning, utsldpp, handel, konsumtion och vilfard.

Artikel I anvédnder index-dekompositionsmetoder for att studera kdllorna bakom
trender i kvdve- och fosforlackage fran svensk akermark. Avgorande é&r att vi endast
finner sma utslippsminskande teknikeffekter, som fraimst drivs av 6kade skordar per
hektar, snarare &n minskningar i ndringslickage per hektar. Vi menar att bristande
reglering av jordbrukets utslépp dr en avgdorande faktor bakom dessa resultat.

Artikel II studerar hoginkomstldnders anvéndning av strategisk handelspolitik for att
minska de globala utsldppen, och ger teoretiska definitioner och kvantitativa bevis
for relevansen av "miljoméssig komparativ fordel’ (ECA). Vara resultat visar att om
en region har en global ECA i en utsléppsintensiv vara vars produktion sldpper ut en
gransoverskridande fororening, kan det vara motiverat att subventionera den varan
for att ersétta dnnu smutsigare produktion i andra regioner. Vi testar alternativa
miljopolitiska styrmedel kvantitativt genom en ny Ricardiansk EU-Sydamerika-
handelsmodell, med fokus pa notkott och vaxthusgasutslépp.

Artikel 11 anvander en strukturell handelsmodell kalibrerad till produktion av mat-
och fodergrodor i det Globala Syd och det Globala Nord. Vi studerar kvantitativa
effekter av en hypotetisk minskning i rikare konsumenters relativa preferens for kott.
En femprocentig minskning 6kar andelen global akermark med matgrddor, och den
globala kottkonsumtionen minskar med en procent, med viss omfordelning fran
Nord till Syd. Detta gynnar alla konsumenter, men lagre avriakningspriser minskar
markédgares arrenden. De begrinsade effekterna tyder pa att dvergangen till ett mer
resurseffektivt livsmedelssystem kommer att krdva mer riktad politik.

Nyckelord: jordbruk, lokala och globala fororeningar, markanvindning, strategisk
handelspolitik, miljoméssig komparativ fordel, utsldppsregleringar, kottkonsumtion
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GHG
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Social cost of carbon
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1. Introduction

Agriculture is connected to several critical global challenges, ranging from
environmental externalities to food security. With nearly half of the world’s
habitable land dedicated to agricultural activities—and its close relationship
with the environment—the sector plays a pivotal role in shaping global land
use patterns, biodiversity provision, and the climate. The urgency of
addressing the sustainability challenges related to these areas is underscored
by international agreements, such as the Paris Agreement and the United
Nations Sustainable Development Goals (SDGs). The former calling for a
concerted effort to limit global temperature rise to well below two degrees
Celsius (United Nations, 2015), and the latter emphasising the need for
sustainable agriculture (SDG 2), climate action (SDG 13), responsible
consumption and production (SDG 12), and zero hunger (SDG 2). Achieving
these ambitious goals requires, among other things, rethinking traditional
agricultural policies, which historically have prioritised production over
environmental and social concerns. The shift towards sustainable agricultural
systems must also contend with the complexities of global agricultural
commodity markets, where disparities in environmental regulations and
economic development across regions complicate policy interventions, and
lead to trade-offs. This thesis aims to assist policymakers in reforming the
agricultural policy landscape by addressing central issues related to polluting
emissions, agricultural land use, food provision, and environmental policy.
Paper I addresses the relatively slow declines in polluting emissions from
agriculture. By utilising index decomposition methods tailored to the crop
sector, and spatial leakage data, we decompose historical nitrogen and
phosphorus leakage trends from Swedish arable land. This allows for
explicitly analysing the sources behind these trends. Papers II and III shift
focus to the meat sector, applying structural general equilibrium modelling
techniques. Specifically, the papers employ Ricardian general equilibrium
models within a Global South—Global North framework. Paper Il examines
whether a region with a high willingness to pay (WTP) for emissions
reductions, and intrinsically cleaner production of a pollution-intensive
good, could use subsidies and trade policy strategically to displace even
dirtier production elsewhere. Paper III focuses on the demand side, exploring
the implications of a decline in wealthier consumers’ relative preference for
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meat on regional and global cropland use, meat consumption, food provision,
and welfare.

Figure 1 presents a graphical summary of the three papers, highlighting
their interrelationships and specific focuses in terms of scope, environmental
emphasis, and methodological approach. The remainder of this thesis
introduction consists of two additional sections. Section 2 provides
summaries of the three appended papers, including further details on
background, methods, results, and policy implications, while Section 3 offers
concluding remarks.

Scope of the Environmental
study focus

Methodological

Paper No. approach

National
(Sweden)

International
(EU/South

America)

International
(Global
North/South)

Local pollution
(nutrients)

Global pollution
(GHGs)

Agricultural land
use (food/feed
production)

Figure 1. Graphical summary of the three thesis papers.
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Microeconomics
(index
decomposion)

International
economics

(GE trade model)

International
economics

(GE trade model)




2. Summaries of appended papers

2.1 Paper |

The first paper of the thesis starts from the observation that, despite the
increasing adoption of agri-environmental policies over time, nitrogen and
phosphorus leakage from agricultural land continues to exceed critical levels
in most EU regions (European Environment Agency, 2019). Equivalent
observations are also made in many other parts of the world. To better
understand why we generally observe much slower reductions in polluting
emissions within agriculture than in other sectors of the economy, we apply
state-of-the-art decomposition methods (Grossman and Krueger, 1991;
Levinson, 2009, 2015) but adapted to the arable farming sector. The analysis
targets agricultural nutrient leakage from Swedish arable land to aquatic
environments—a severe but unresolved global environmental problem
(Kanter et al., 2020a,b; Richardson et al., 2023). Specifically, we show to
what extent leakage trends are explained by changes in: total hectares
cultivated (extensive scale effects); yields (intensive scale effects); crop
rotations (composition effects); and nutrient leakage coefficients (technique
effects). By using simulated leakage data we are able to derive year, region,
crop and soil-specific leakage coefficients (i.e. annual leakage of nitrogen or
phosphorus per Swedish krona (SEK) of crop value produced), allowing us
to calculate technique effects directly.

Although well-established within the environmental economics literature
and very useful for gaining a basic understanding of the sources behind
emission flows, decomposition methods are seldom used in agricultural
economics. One explanation is the difficulty in identifying and measuring
diffuse pollutants, which is why previous decomposition literature studying
agricultural nutrient leakage typically relies on indirect nutrient leakage
measurements (Wier and Hasler, 1999; Cai et al., 2018; Fujii et al., 2016).
The data on nitrogen and phosphorus leakage used in this paper, referred to
as leakage rates, was simulated through a soil science calculation system
(Johnsson et al., 2022) and has never been used in an economic context. The
calculation system consists of two model packages—one for nitrogen and
one for phosphorus. It has been parameterised and tested by cross-checking
with nutrient measurement data from various field trials, under different
conditions, and using different production techniques.
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The results, provided for Sweden as a whole and for Sweden divided into
five geographical groups, show considerable heterogeneity; technique and
composition effects caused leakage to increase in some areas and decrease
in others. Crucially, we find no indication of industry-wide technological
improvements leading to cuts in nutrient leakage coefficients. For the crops
and regions where we do see reduced annual leakage per SEK of crop value
produced, this is largely attributed to increased productivity per hectare
rather than reduced leakage per hectare. We contend that inadequate
regulation of agricultural emissions, including a lack of clear incentives, is
an important reason behind this outcome. These findings align with those in
the existing literature, showing that the direction of technological
advancements is strongly driven by economic incentives. For example,
empirical evidence indicates that directed price signals have been
instrumental in shifting manufacturing away from emission-intensive
production processes to cleaner technologies (Popp, 2002; Aghion et al.,
2016; Shapiro and Walker, 2018). Meanwhile, scholars argue that the design
and implementation of current agricultural nutrient leakage programs, such
as those addressing eutrophication in the Baltic Sea, are neither sufficient nor
cost-effective (Elofsson, 2012; Ollikainen et al., 2019; Brady et al., 2022).

2.2 Paperll

The second paper shifts focus from analysing the sources of agricultural
emissions to exploring policy options for mitigation. In brief, we study
whether a single region with a high willingness to pay (WTP) for emissions
reductions could use subsidies and trade policy strategically to affect
production decisions in another region, thereby lowering net global emission
levels. The use of strategic trade policy by high-income countries to enhance
global environmental objectives is a large area of research. Influential
scholars within this field argue that country-specific distributions of
comparative advantages are central to the impact of trade on the local and
global environment, which in turn depends on factors such as local pollution
policies (Copeland and Taylor, 2004; Baylis et al., 2021). Our contribution
to this discourse includes providing general definitions and quantitative
results concerning the importance of ‘Environmental Comparative
Advantage’ (ECA). We define ECA in a pollution-intensive good as either
local or global, triggered by locally or globally optimal policies.
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The paper concerns the case when regions tax global emissions according
to their local social cost of carbon (SCC) or WTP for emissions reductions.
Then, under plausible conditions, the Global South has a local ECA in
pollution-intensive goods, whereas the Global North has a global ECA. It
follows that locally optimal emissions taxes may drive international trade
flows in the wrong direction, resulting in suboptimal emission levels. A
border carbon adjustment (BCA) could help correct this, but we show that
there may also be a role for strategic policies, such as subsidising pollution-
intensive production in the Global North, to displace even dirtier production
in the South. We test policy alternatives quantitatively using a novel
Ricardian EU-South America general equilibrium trade model, focusing on
beef production and greenhouse gas (GHG) emissions. The model entails
production and trade in a manufacturing (numeraire) good, crops, and beef,
where beef is the most GHG-intensive good. Emissions arise directly from
manufacturing and beef production, with South America having significantly
higher beef emission intensities than the EU, while crop production only
generates indirect emissions.

The paper primarily contributes to two strands of the trade modelling
literature. The first body of literature is limited but growing, mainly using
computable general equilibrium models to study how pollution flows and
global food supply are affected by pricing agricultural GHG emissions
(Avetisyan et al., 2011; Golub et al., 2013; Frank et al., 2017; Henderson et
al., 2018; Frank et al., 2019; Jansson et al., 2023). We extend this growing
source of literature by developing a theoretically grounded trade model in
which we also analyse the effect of including the beef sector in BCA and
export rebate schemes. The second strand of literature closely related to our
work is the rich literature on carbon leakage (see for instance Fowlie et al.
(2022) and Ambec et al. (2024)). A few of these studies focus on agricultural
emissions leakage in the EU as a response to emissions taxes or BCAs.
However, these are limited to using computable partial equilibrium-type
models. Such models risk overstating the advantages of strategic trade
policy, which we avoid by using a general equilibrium approach that
accounts for countervailing effects of production changes in other sectors.

The calibrated model studies four counterfactual policy scenarios and a
baseline ‘business as usual’ scenario, serving as the point of comparison. Our
first policy scenario is (i) First best, where an emissions tax equal to the
global SCC is applied to all polluting emissions in both regions. The other
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three scenarios involve different combinations of second-best policies only
implemented in the EU to mitigate global GHG emissions in the absence of
(1). These scenarios are: (ii) Conventional trade policy (an emissions tax, a
BCA, and export rebates); (iii) Strategic trade policy (an emissions tax, a
BCA, and export rebates—strategically chosen for EU beef exports); and (iv)
Strategic production subsidy (strategically chosen output-based production
subsidy to all EU beef producers). Scenarios (iii) and (iv) involve allowing a
benevolent regulator to strategically set export rebates or subsidy levels in
the EU beef sector, with respect to a welfare maximisation condition. We
thus explore whether, in the absence of first best (i.e., international carbon
taxes), it would benefit society to excessively subsidise a region’s dirty-good
production if the region has a global ECA in that good.

Our quantitative results show that while the reach of strategically chosen
export rebates is greater than that of conventional, strategic production
subsidies are ineffective in reducing GHG emissions from international beef
production. Hence, scenario (iii) Strategic trade policy performs the best
among the second-best policy alternatives. Under this scenario, the regulator
sets an export rebate to EU beef producers higher than the global SCC (USD
150 instead of USD 66), resulting in a ten percent reduction in global
emissions from beef production and nearly a two percent decline in total
GHG emissions. Nevertheless, only a quarter of the welfare increase attained
under first best is accomplished in scenario (iii). Our findings, highlighting
the importance of local and global ECA in determining the impacts of
strategic trade policy, could support policymakers in designing climate
policies when international cooperation on climate change mitigation is
lacking.

2.3 Paperlll

The third and final paper of the thesis then turns to the demand side. Unlike
the two previous papers, which study agricultural emissions, the third paper
focuses on global cropland use and food provision. Since the 1950s, there
has been a surge in wealthier regions' meat demand, largely shaping global
land use patterns; feed crops are currently cultivated on 40 percent of
worldwide croplands, implying considerable competition with crop
production for direct human consumption. While wealth has been the main
driver of high-income countries' rising meat consumption, existing data
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suggests that a decoupling between GDP growth and meat intake is taking
place; meat consumed per person is stagnating—or even decreasing—in
many rich countries (Bodirsky et al., 2015; Godfray et al., 2018; Parlasca and
Qaim, 2022). An important explanation behind the observed slowdown in
wealthier countries' demand for meat is increased awareness of the adverse
effects of meat consumption. As a calorie source, meat production has a high
resource-input demand, and its pressure on the climate and natural
environments is much larger than what most plant-based foods bring about
(Godfray et al., 2018; Poore and Nemecek, 2018). Excessive consumption of
red meat could also cause negative health effects (Godfray et al., 2018).

This paper analyses the quantitative impacts for cropland usage, food
prices, consumption, land rents, and social welfare from a potential reduction
in wealthier regions' relative preference for meat. If meat is increasingly
opted out of plates in high-income countries, this could induce significant
shifts in the allocation of global cropland devoted to food versus feed crops.
To study the potential implications, a general equilibrium quantitative trade
model calibrated to the production and trade of crops between countries in
the Global South and the Global North is employed. The model is based on
a structural trade model developed by Mérel et al. (2023), which builds on
works such as Costinot et al. (2016) and Gouel and Laborde (2021), while
adopting a more parsimonious approach. Previous work within this field has
studied the role of market-mediated adjustments in mitigating the impacts of
climate change, or the effect on food production and prices from increasing
richer countries' share of land devoted to organic crops, but not the market
implications from changes in food preferences.

The model is calibrated on four crops (wheat, maize, rice, and soybean)
and 51 countries representing the majority of total production, consumption,
and trade in agricultural commodities. Crop harvests could either be used as
feed for meat production or for producing final consumption plant-based
food. The paper studies two counterfactual scenarios: (i) a five, and (ii) a
one, percent reduction in the Global North consumers' relative preference for
meat. The results suggest that a five percent reduction (scenario (i)) would
cause the Northern consumers' meat consumption to decrease by two percent,
leading to a cut in regional prices of feed and meat. Hence, food crop
revenues rise relative to feed crop revenues, inducing an increase in the share
of cropland allocated to food crops. The increase in provision of food crops
in the North, in turn, leads to reduced prices for food crops and plant-based
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foods. Since prices are intertwined through trade, and preferences remain
unchanged in the South, the consumers in the South use the extra surplus
from price cuts to boost overall food consumption. The decline in food prices
causes consumer welfare to rise, but in the South, this increase does not
outweigh the negative impact on landowners from falling land rents. The
overall change in social welfare is still positive (albeit small). For a one
percent change in the North’s relative meat preferences, the directions of the
results are the same but more limited.

The results agree with previous literature, showing that decreasing meat
demand may have favourable effects on food security and agricultural land
use (see for instance Parzianello and Carvalho (2024), Westhoek et al.
(2014), and Doelman et al. (2019)). I find that a reduction in wealthier
consumers’ meat preferences results in a modest reduction in overall meat
consumption and global cropland allocated to feed crops. Accomplishing
impacts that are more significant would likely require larger changes in
consumer preferences. For example, increasing efforts to communicate the
adverse environmental effects of different foods to consumers could
encourage more sustainable dietary choices (Poore and Nemecek, 2018).
However, since dietary changes are typically a slow process, policymakers
should not rely solely on behavioural changes on the demand side to reduce
resource-intensive food production.
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3. Concluding remarks

The present agricultural policy landscape is largely a result of historical
trajectories (De Schutter, 2017; McNeill, 2019; Conti et al., 2021). In the
wealthier parts of the world, the development of the modern industrialised
food system began during the 1930s, resulting in an increased dependency
on external inputs, such as fertilisers and pesticides, and a prioritisation of
producing large volumes. The surge in population rates, along with weak
productivity growth during the second half of the 20th century, further came
to shape a ‘productionist’ agricultural policy approach (De Schutter, 2017;
Conti et al., 2021). This evolution was not confined to high-income countries
but it gradually extended to other areas like South Asia and South America,
leading to overproduction of many food products.

The first paper of this thesis demonstrates that while agri-environmental
policies have become more prevalent in agricultural policy, large-scale
adoption of production techniques that drastically mitigate polluting
emissions within agriculture remains limited. As a result, levels of many
polluting emissions from agriculture are either stagnating—or decreasing
much more slowly—than in other sectors of the economy, where targeted
emissions regulations have been implemented.

In the second paper, we find that international agreements to tax global
emissions from agriculture could lead to substantial emission cuts and
welfare improvements. But, given that globally optimal emissions taxes are
unlikely to be materialised, policymakers must turn to second-best
alternatives. We show that it may be motivated for a region with a high WTP
for emissions reductions, like the EU, to include the agricultural sector in
existing carbon-tax schemes while simultaneously favouring exports of
domestic agricultural produce through excessive export rebates. Considering
the agricultural market and policy landscape, such a policy scenario also
appears unlikely in the near future. Rather, the most straightforward policy
measure, both from the perspective of international trade rules and policy
acceptance, may be to subsidise agricultural output in regions like the EU to
displace relatively more pollution-intensive production in other parts of the
world. However, unsurprisingly, the results in Paper II suggest that such a
policy has very limited prospects, primarily due to the countervailing effect
on emissions caused by increased domestic production.
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The conclusions from Papers I and II leave us with the task of influencing
the demand side: could a shift towards more resource-efficient diets
positively affect outcomes related to the allocation of agricultural land use,
emission flows, and global food provision? Paper III finds that reducing meat
preferences in the Global North could have such implications, but these
remain limited. To achieve the large-scale impacts necessary to make the
global food system sustainable, policymakers should target both the supply
and demand sides. In other words, implementing targeted environmental
policy regulations is crucial for advancing cleaner production technologies
within agriculture, which are necessary for achieving society's sustainability
goals.
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Popular science summary

Agriculture is vital for feeding the world, but it also puts significant pressure
on the environment. It is one of the biggest drivers of land use change,
biodiversity loss, and climate change. Balancing the need to produce enough
food while minimising environmental harm is a pressing challenge for
society. This thesis aims to support the transition towards a more sustainable
agricultural system by addressing policy-relevant issues related to
agricultural pollution, trade, land use, and food preferences.

The first study analyses historical nutrient leakage from Swedish cropland
and explores the sources behind the relatively slow pollution reductions. The
results suggest that farmers' adoption of leakage-reducing production
techniques, such as precision farming methods, has been relatively modest.
Weak regulation of agricultural pollutants likely plays a key role in why
reductions in per-hectare nutrient leakage have not been more significant.

The second paper examines different policy options available to a single
environmentally conscious country seeking to cut global GHG emissions in
the absence of international climate policy agreements. It finds that the
country could strategically subsidise its exports to crowd out more polluting
production abroad, thereby reducing total emissions. This is illustrated
through a case study of trade in beef, crops, and manufactured goods between
the EU and South America, where beef is the most GHG-intensive good.

The third and final paper looks at the effects of reduced meat consumption
preferences in wealthier countries. The results show that if wealthier
consumers demand less meat on their plates, the share of global cropland
used for food crops increases, total meat demand shrinks, and overall calorie
provision rises. However, the effects are rather modest, leading to the
conclusion that policymakers should not only rely on consumers switching
to less resource-intensive foods but should also incentivise changes on the
production side.

Together, the three papers highlight the complexity of transitioning to a
sustainable agricultural system, with trade-offs between firms, consumers,
and regions arising along the way. The main message is that policymakers
need to combine efforts to change consumer behaviour with policies
targeting agricultural production and trade to address the environmental
challenges facing the agricultural sector and, by extension, our society.
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