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Abstract: This study analyzes the impacts of reducing greenhouse gas (GHG) emissions on the
meat and dairy industries. To achieve this goal, the Global Trade Analysis Project (GTAP) database
was used in a Computable General Equilibrium (CGE) setting, which allows for the inclusion of
carbon taxes and the definition of four alternative environmental policies scenarios using both Global
Warming Potential (GWP) and Global Temperature Potential (GTP) as GHG emissions measures.
All scenarios analyze the main effects of carbon-based tax economic instruments on the industry
and national production, trade, and emissions, comparing the results for different measures of GHG,
GWP, and GTP from the Greenhouse Gas Emissions Estimation System (SEEG) sectoral Brazilian
emissions database. In contrast with other industries, relatively lower taxes on the meat and dairy
industries seem to be the most adequate in terms of cost distribution in the Brazilian economic
structure when only the GWP measure is considered. Urban activities and less-methane-intensive
industries benefit from climate change policies designed using GWP-based rather than GTP-based
carbon taxes. The article also highlights the importance of a gradual introduction of carbon taxes,
allowing the most vulnerable industries a transition moment to adopt clean technologies and/or
redirect economic activity to less-GHG-emitting segments.

Keywords: GHG emissions; carbon taxes; meat and dairy industries

1. Introduction

Over the last decade, Brazil has experienced substantial economic growth in agricul-
ture and food processing, maintaining a leading position in international trade. Therefore,
Brazilian agribusiness exports were U.S. $101 billion and equivalent to 45% of the total ex-
ported by Brazil in 2020, with more than 55% destined for China, the European Union (27),
and the United States [1].

Agriculture and the agri-food industry are also significant sources of anthropogenic
greenhouse gas (GHG) emissions, with the meat and dairy industries being particularly
emissions-intensive [2]. As an example of this, the meat and dairy industries account
for 29% of the Brazilian GHG emissions [3]. Similarly, grain production (mainly soy and
corn as the basis of animal feed) is often associated with deforestation, animal production,
and biofuel [4–6].

On the demand side, climate change concerns have pressured governments and
multilateral organizations to establish goals for reducing GHG emissions, typically based
on carbon dioxide (CO2) equivalent footprint measures [2,7–9]. However, some of the
adopted targets and the applied GHG index in environmental agreements could penalize
economies with comparative advantages in the agri-food sector, especially the meat and
dairy industries [10–13].

Nowadays, the main GHG emission index is the Global Warming Potential (GWP).
However, in ruminant production (meat and dairy), the standardized GWP index underval-
ued the immediate impacts of temperature. Further, it overestimated the effect of methane
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emissions in the short run, disregarding the fact that the lifetime effect on atmospheric
warming is considerably lower than appraised [14]. Even though there is a growing body
of literature on GHG emissions from agri-food industries [15–22], disregard for sectoral
differences in the composition of GHG metrics can lead to biased conclusions about the
environmental responsibility of economies specializing in ruminant production. Although
the implications of these are straightforward, there remains a lack of comparative assess-
ments in the literature [2,9]. Moreover, there is a trend towards regulating carbon markets
claimed by multilateral organizations to mitigate environmental impacts. However, there is
a gap in the institutional regulation framework in Brazil, which requires empirical evidence
to contribute to policy-making [23]. This study addresses these issues by adding to the
existing literature’s economic and environmental results based on simulations of carbon
market policies, further providing novel measures comparing GTP and GWP for the meat
and dairy industries.

The Brazilian GWP-based emission reduction targets in the Paris Agreement were rati-
fied in 2015 [24]. However, the Brazilian environmental policy fails to consolidate a straight-
forward carbon-market-based approach for meat and dairy industry production, unlike
other competitors such as Australia, Finland, Mexico, South Africa, and Canada [12]. Specif-
ically, the leading Brazilian environmental policy is based on regulatory legislation [24–26].

In a seemingly contradictory way, the Brazilian agriculture policy supports the produc-
tion and export of non-environmentally friendly agri-food products with a set of financial
instruments, such as rural credit, minimum prices rules, and low-interest rates [1,25,27].
Specifically, in the Amazon, Cerrado, Mata Atlantica, and Pantanal biomes, the effects of
livestock activity upon deforestation are considerably underestimated, and there are no
mechanisms to effectively discourage emissions from the meat producer side [24,28,29].

Accordingly, this paper aims to estimate the impacts of the implementation of carbon-
based taxes as climate change policies on the economic and environmental outcomes, such
as production, trade, and GHG emissions, of the meat and dairy industries in Brazil. The
contribution is twofold. First, this study provides ex-ante estimates of taxation policies in
the short-term carbon market for production and trade, useful to Brazil’s policymakers, that
are generally based on regulatory instruments rather than taxation of production (economic
instruments). Second, it presents the different measures of GHG emissions indexes on
Brazilian economic sectors: the leading GWP and the Global Temperature Potential (GTP).
Although the GWP is the standard indicator defined in the Paris Agreement, the present
study considers the GTP in order to disclose the trade-offs between the economic and
environmental impacts for the meat and dairy industry.

Ex-ante assessments of climate change policies are particularly relevant for policymak-
ers, especially considering the systemic effects on the whole economic structure [30]. In this
regard, to highlight the potential impacts of carbon-based policies on the Brazilian meat
and dairy industries, this study focuses on the economic and environmental outcomes of
four alternative scenarios. Furthermore, we add a comparison of GTP and GWP targets
indexes to the existing GHG literature, providing further ex-ante forecasting evidence from
a systematic interconnected economic and environmental systems computable general
equilibrium (CGE) analysis.

The methodological framework was adopted to allow for the systematic evaluation of
trade-offs between environmental impacts and economic and/or regulatory instruments
on the production side [30–32]. This study adopted the static Global Trade Analysis Project
(GTAP) version 9 model and incorporated an environmental extension for comparing
GWP and GTP CO2-related metrics. There are alternative versions of GTAP with en-
dogenously imputed GHG emissions—for example, GTAP-E, GTAP-CO2, GTAP-Power,
and GTAP-BIO [33–35]. However, these extensions do not have the GTP index. To get
around this, the traditional economic GTAP database was adopted, linking the results
with specific coefficients from the Greenhouse Gas Emissions Estimation System (SEEG)
sectoral Brazilian emissions database, which presents statistics for both GWP and GTP [36].
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GHG emission coefficients were used for both measures and linked to economic results for
scenario simulations.

Two groups of alternative policies associated with Brazil’s meat and dairy production
were assembled to generate evidence about the potential trade-offs between the main-
tenance of regulatory policies and those based on carbon market taxes. The first group
comprises economic instruments (carbon-based market taxes), focused on the hypothet-
ical inclusion of tax mechanisms in the meat industry’s production in the context of the
absence of this type of instrument in Brazilian environmental policy. The second group
comprises flexible command and control instruments (as a regulation policy) according
to central policy measures for the production side [6,28,37,38]. The comparative assess-
ment of both groups provides useful elements relevant to the debate on Brazilian carbon
policies for the meat and dairy industry toward an environmentally and economically
complementary policy.

This article is structured as follows. The following section presents the background
to agriculture and GHG metrics and Brazilian environmental policies. The third section
describes the method and the CGE model adopted. The fourth section presents the main
results and policy implications of climate change, emphasizing the Brazilian meat and
dairy industries. The last section presents the main conclusions of the study.

2. Background

This study is focused on two issues related to Brazil and climate change. First, it
emphasizes the potential penalization of the meat and dairy industry in accounting for
GHG measures, mainly due to the positive correlation between methane emissions from ex-
tensive livestock production and the standardized use of GWP indicators. It also compares
the different atmospheric trends effects over time for GWP and GTP. Those differences
between the two indicators are significant and may affect Brazil’s strategies in developing
environmental policies to mitigate GHG emissions [7,8]. Second, it claims that the lack of
economic instruments in carbon-based market taxation can also negatively impact the meat
and dairy industry’s sustainability associated with mitigation and adaptation measures for
reducing global warming. Nevertheless, empirical evidence suggests the potential benefits
of imposing a tax on the externalities of the meat production chain, which could point to
essential directions for Brazilian environmental policy [12,26,29,35,39].

2.1. Agriculture and GHG Metrics

There are different ways to measure atmospheric warming, often determined by
the time effect over the climate change. In this case, the equivalence of CO2 footprints
neglects the relationship between the total amount of emissions and the time effect related
to the atmosphere [2,9,32]. This has the potential to considerably distort the comparative
advantage between countries, as it penalizes beef and dairy production and trade. The
ruminant production emissions based on the standard GWP measure undervalue the
immediate impacts on the atmospheric temperature, as well as the variation (increase or
decrease) in the number of animals releasing methane (CH4) [9,40,41].

The CH4 emission cycle starts with feeding pasture and/or grains, absorbing the
atmospheric carbon in the soil, food, and animals. This cycle ends with the CO2 and CH4
emissions in the atmosphere. Briefly, there is a positive emission of CO2 equivalent from
beef and dairy production. However, unlike the CH4 emissions from ruminants, the CH4
of fossil origin would remain for thousands of years, contributing to a more significant
greenhouse effect [14]. Therefore, the GWP overestimates the impacts of meat and dairy
industry emissions over time. To overcome this limitation, the Global Temperature Change
(GTP) concept incorporates the time horizon for an emission pulse [42]. Countries with
intense livestock activity need to consider GTP measures to compensate for the temporal
dimension of the climate system balance that is neglected by GWP measures and can help
to assess short-lived emissions, unlike the CH4 associated with ruminant production [43].
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Despite these differences, it is possible to establish the relative importance of emissions
per heating unit or global warming impact [42,43]. This comparison makes it possible to
demonstrate the relative importance of the different production sectors responsible for
emissions. Comparisons per unit with carbon dioxide in Brazil between 2005 and 2018 are
shown in Table 1. It is possible to identify the GWP and GTP metrics and relative variations
over time. Additionally, the GWP is defined as the integrated value of an emission pulse’s
cumulative effects at a specific time during the subsequent period indicated (sometimes 20
or 100 years) [14].

Table 1. GWP and GTP emissions from all industries (tons) and growth (%) during the period 2005–2018—Brazil.

SEEG Sectors
2005 2018 ∆%

(2005–2018)

GWP (t.) GTP (t.) GWP (t.) GTP (t.) GWP GTP

Meat & Dairy 400,022,781 114,435,703 408,675,212 117,924,190 2 3

Deforestation 1 2,068,426,095 1,989,495,796 827,043,560 794,106,885 −60 −60

Grains & Crops 94,537,522 48,417,779 146,699,271 83,439,144 55 72

Industry & Services 2 115,122,063 78,806,916 148,787,577 93,671,081 29 19

Energy 331,843,307 315,180,572 424,803,865 407,694,211 28 29

Carbon Sequestration −446,394,750 −446,394,750 −529,451,505 −529,451,505 19 19

Total 2,563,557,019 2,099,942,016 1,426,557,980 967,384,005 −44 −54

Note: 1—Change in land use plus forest waste. 2—Industrial processes plus solid waste. Source: SEEG, 2019.

Therefore, GWP accumulates the effects over time but disregards emissions after
that determined period. The GTP indicates the temperature for a selected year without
weights for years before or after the selected year (IPCC, 2013). Accordingly, the most
significant GHG emitter was deforestation, followed by the Energy and Meat & Dairy
industries, considering the GWP and GTP indicators in 2018. For both indicators, it can
be noted that Brazil has already met its Paris Agreement target for 2030. Even though
Brazil’s deforestation significantly decreased until 2018, all other sectors increased their
GHG emissions.

The differences between GWP and GTP indicators may affect Brazilian strategies for
building efficient environmental policies to mitigate GHG emissions [7,8,19]. It can be
noted that related urban activities increased their GHG emissions over time. For example,
the Energy and Industry & Services sectors increased their emissions by 28.0% (29.4%) and
29.2% (18.2%) for GWP and GTP, respectively. In turn, agriculture activities increased the
emissions of the Meat & Dairy and Grains & Crops sectors by 2.2% (3.0%) and 55.2% (72.3%)
between 2005 and 2018, respectively. Interestingly, there was a reduction in deforestation
emissions and an increase in carbon sequestration.

Despite these differences, GWP is the most used indicator in the climate change
literature and multilateral agreements [2,31]. On average, the world’s animal production is
estimated to account for 15% of GHG emissions, 80% of which originate from ruminant
animal systems [8]. For example, in Brazil, animal production represents 29% of GWP
emissions, 94% of which was related to ruminant production in 2018 [44].

Any political decision associated with an increase in methane emissions from agriculture
(or manufacturing) would potentially be more damaging, depending on the indicator applied
to mitigate the adverse effects of global warming. Therefore, the compensation for reduc-
ing emissions in different economic sectors—which have different GHG coefficients—can be
considered relevant to the Brazilian environmental policy debate [27].
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2.2. Brazilian Environmental Policy

Recently, Brazil has made progress in its recovery of deforested areas. The reduction
in degraded areas in the Amazon, Cerrado, Atlantica, and Pantanal biomes during the
same period allowed for a significant reduction in GHG emissions [25,45]. The Action Plan
for Prevention and Control of Deforestation in the Legal Amazon [46] and the Action Plan
for the Prevention and Control of Deforestation and Burning in the Cerrado [47] are mainly
responsible for these positive results. In addition, the country has also implemented the
ABC Plan and the RenovaBio program to reduce emissions from agriculture and energy
use, although these have been less effective at reducing the total amount of GHG emissions.

The ABC Plan aims to adopt sustainable production technologies with the potential to
reduce GHG emissions in the agricultural sector [48]. On the other hand, the RenovaBio
program seeks to increase biofuel production and expand the internal energy supply (IPEA,
2019). Although relevant, these environmental policies are less useful in reducing GHG
emissions from livestock activities and agribusiness. Indeed, the sustainability of the
Brazilian meat industry may be penalized by the lack of precise economic instruments in
the country’s carbon market [2,12,29].

The growing role of agriculture in the Brazilian economy and trade requires more
intensive use of natural resources and a probable expansion of the cultivated area. These
aspects should continue to increase carbon emissions, increase deforestation, and use soils
less suitable for agricultural production [49].

In this context, it is necessary to advance the debate on complementary policy in-
struments to protect the sustainability of Brazilian agribusiness. Since the regulatory
mechanisms commonly adopted are less effective, there arises an opportunity to discuss
the introduction of alternative measures, of which carbon taxes can be highlighted [12,39].
Therefore, this issue is addressed by incorporating the simulation of economic instru-
ments compared to regulatory ones, identifying the main trade-offs between economic and
environmental impacts and GTP metrics, as detailed in the next section.

3. Materials and Methods

In order to analyze the effects of the implementation of a carbon-based tax on produc-
tion, trade, and GHG emissions for the Brazilian economy, this study considers a static
Computable General Equilibrium (CGE) model. The Global Trade Analysis Project (GTAP)
is an applied multiregional model that assumes constant returns to scale and perfect com-
petition in production and consumption activities [50]. Therefore, analyzing an arbitrary
region and its relationships with other regions can explain the global economy by imposing
equilibrium conditions between international agents. Industries use primary factors and
intermediate inputs, both locally produced and imported, in each region [50–52]. The
regional, industrial, and primary factor aggregation settings used in this study are shown
in Table 2. The initial equilibrium was characterized by the baseline scenario representing
the economy in 2011 according to the GTAP version 9 database. Thus, the GTAP makes
it possible to build regional and sectorial aggregations in line with empirical objectives.
The calibrated database is from input–output (IO) tables, being consistent with empirical
experiments such as those performed in our study. In this regard, the original GTAP9
database has two groups of regions associated with Europe: (1) the EU25; and (2) the rest of
Europe. Therefore, we considered this original structure of the GTAP base in the regional
aggregation, and we included in the Rest of the World (RoW) those countries in Europe
that are not part of the EU25. In our case, it is particularly relevant that some countries be
disaggregated for a better analysis of the results. For example, Brazil, Argentina, China,
Russia, and the United States were selected as strategic countries for the world’s production
and because they carry out significant trade exchanges with Brazil in the meat and dairy
sectors. Regarding economic sectors, aggregation was based on simulated carbon tax
policy shocks, which are directly and indirectly associated with higher levels of intensity
in emissions (energy and forestry, for example), sectors of empirical interest (meat and
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related products, grains, and activities related to agriculture), and linked sectors, such as
the Industry & Services sector.

Table 2. Regions, industries, and primary factors in the GTAP model.

Regions Industries Primary Factors

Africa (AFR)
Argentina (ARG)
Brazil (BRA)
China (CHN)
East Asia (EAS)
EU-25 (EUR)
Canada and Mexico (NAM)
Oceania (OCE)
Russia (RUS)
South Asia (SAS)
Southeast Asia (STA)
United States (USA)
Rest of the World (ROW)

Cattle production (BECA)
Chicken and pork production
(CIPO)
Raw Milk production (RMIL)
Other Agriculture (OTAG)
Forestry (FORE)
Beef—industry (BEEF)
Chicken and pork—industry
(CHPO)
Dairy-industry (DAIR)
Industry & Services (INSE)
Energy (ENER)

Capital
Land
Natural Resources
Skilled Labor
Unskilled Labor

Source: GTAP 9.

The impact of carbon-based taxation on production, trade, and GHG emissions (ac-
counted for in terms of GWP and GTP) was assessed according to the simulation of the
four alternative policy scenarios described in Table 3. Overall, it was assumed that the
policy implementation aims to reduce GHG emissions in Brazil by applying a tax to
the producer side. Therefore, two environmental policy instruments were considered:
(1) economic instruments (EIs) (carbon-based taxes); and (2) flexible command and con-
trol instruments (FCCIs) (without taxation). The latter instruments (FCCIs) are currently
adopted in Brazil, basically focused on institutional regulation, and are further considered
in the baseline scenario.

Table 3. Descriptions of alternative scenarios by different carbon taxes (COP21).

Scenarios Description Deforestation
Mitigation in the

Agricultural
Sector in Brazil

Mitigation in
Other Sectors

in Brazil

(1) COP21—MEAT
Carbon taxes apply to the
Brazilian Meat & Dairy
industry. (EI)

The same level of
carbon sequestration as
the base scenario.
(flexible command and
control instruments).

YES
(20, 40, 60 $/t) NO

(2) COP21—ENERGY
Carbon taxes are applied to
the Brazilian Energy
industry. (EI).

The same level of
carbon sequestration as
the base scenario.
(flexible command and
control instruments).

NO YES
(20, 40, 60 $/t)

(3) COP21—All INDUSTRIES Carbon taxes are applied to
all sectors in Brazil.

The same level of
carbon sequestration as
the base scenario.
(flexible command and
control instruments).

YES
(20, 40, 60 $/t)

YES
(20, 40, 60 $/t)

(4) COP21—MEAT & DAIRY
Carbon taxes: lower
taxes on the Meat &
Dairy industry.

The same level of
carbon sequestration as
the base scenario.
(flexible command and
control instruments).

YES
(20, 40 $/t)

YES
(40, 60 $/t)

Source: The authors.
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The four scenarios consider only the application of different carbon-based taxes to
Brazilian industries, keeping the same agricultural and environmental policies as in the
base scenario (see also [24,28,53]).

(a) Scenario 1 reflects the application of carbon taxes to the Meat & Dairy industry and
zero-carbon taxes to the other sectors in Brazil.

(b) Scenario 2 includes only carbon taxes on the Energy industry.
(c) Scenario 3 simulates equal carbon taxes on all industries ($20, $40, and $60 per t. of

CO2), though no carbon taxes apply to the forestry sector.
(d) Scenario 4 considers the application of carbon taxes to the Meat & Dairy and Grains &

Crops sectors lower than those applied to the Energy and Industry & Services sectors.

3.1. Carbon Taxes

Regarding the environmental aspect, two points must be considered in order to
calculate the carbon taxes on Brazil using GWP and GTP measures (see also [54]). First,
the total GHG emissions from production are obtained from [44] in terms of GWP or
GTP. Particularly, the SEEG estimations include all sources of GHG emissions by sector,
following the IPCC guidelines. For example, in the agricultural sector all anthropogenic
emissions are considered, including Non-CO2 (CH4 and N2O). The agricultural sector is
subdivided into BECA, CIPO, RMIL, and OTAG in this paper. Changes in land use are also
considered separately and are associated with land cover and vegetation change calculated
through satellite monitoring. These include emissions and the removal of CO2 by land use
changes as well as estimates of emissions from forest waste. In this study, land use changes
are included in the forestry sector (FORE). More details can be found in [36]). These data
show the total GHG emissions for each industry in the base scenario as described in Table 1.
For instance, the total carbon emissions, in terms of GWP or GTP, are the sum of the total
GHG carbon emissions in the production for selected industries as described in Table 2. It
is assumed that the GTAP equivalent shock value (%) is related to the price of the GHG
emissions or the carbon taxes applied on the supply side. These carbon taxes are calculated
as the percentage ratio between the value of carbon emissions (tons of carbon emissions
multiplied by the price of carbon emissions per ton) and the production value of each
industry. The carbon taxes also represent a cost–benefit relation, a ratio between the cost
value of GHG emissions and the total production value by selected sectors [55].

Second, the used prices for carbon emissions are $20/t, $40/t, and $60/t (Tables 4 and 5)
as observed in the studies [12,26,56]. In this way, GTAP model version 9 is extended to
incorporate the environmental component related to GHG emissions based on GWP and
GTP emissions. Emissions data on the Brazilian industrial supply side were obtained from
the Greenhouse Gas Emissions Estimation System (SEEG) for the base year 2011. Finally,
the industrial output, emissions, and trade measures were obtained from GTAP version 9,
allowing for an analysis of welfare, production, trade, and emissions.

Table 4. The equivalent shock on GTAP using GWP (%) by sector.

Equivalent Shock (%)

Sector 10 $/GHG (t.) 20 $/GHG (t.) 40 $/GHG (t.)

BECA 10.76 21.53 43.05

CIPO 0.91 1.83 3.66

RMIL 4.20 8.40 16.80

BEEF 0.03 0.05 0.10

CHPO 0.03 0.06 0.12

DAIR 0.08 0.17 0.34
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Table 4. Cont.

Equivalent Shock (%)

OTAG 0.84 1.68 3.36

INSE 0.04 0.07 0.15

ENERG 3.50 6.90 13.9
Source: Calculated by the authors.

Table 5. The equivalent shock on GTAP using GTP (%) by sectors.

Equivalent Shock (%)

Sectors 10 $/GHG (t.) 20 $/GHG (t.) 40 $/GHG (t.)

BECA 2.87 5.74 11.47

CIPO 0.47 0.95 1.89

RMIL 1.48 2.96 5.91

BEEF 0.00 0.01 0.01

CHPO 0.00 0.01 0.02

DAIR 0.01 0.02 0.05

OTAG 0.45 0.90 1.79

INSE 0.03 0.05 0.10

ENERG 3.30 6.70 13.40
Source: Calculated by the authors.

Tables 4 and 5 show the carbon taxes applied, considering GTP and GWP as measures
of GHG emissions, to selected sectors. The carbon taxes were applied to the supply side,
simulating an equivalent shock on GTAP in terms of percentage. The carbon tax values
(the equivalent shock in GTAP) were applied to the production function as an additional
tax in percentage terms [24,28].

Based on Tables 4 and 5, three aspects can be highlighted. The first is that the percent-
age values for the Beef (BECA), Milk (RMIL), and Energy (ENER) sectors are higher than
those for the other sectors for both measures (GWP and GTP). The second aspect is that, by
using GWP, the carbon taxes (%) are significantly higher for Beef (BECA) and Milk (RMIL)
production when considering the same carbon price per ton. For example, for a price of
$10 per ton of GHG, the percentage rate for BECA emissions using GWP is 10.8% and that
using GTP is 2.9%. This is because GWP assigns a greater weight to methane gas emissions
than GTP. Finally, the Energy sector has approximately the same percentage values for both
GHG measures (GWP and GTP).

Another interesting aspect is that the chicken and pork (CIPO) sector has a significantly
lower tax value than the ruminant sectors (BECA and RMIL) for both emissions measures.
This results in a smaller and more favorable tax difference for the chicken and pork (CIPO)
sector in all scenarios. The agro-industrial and Beef industries have the lowest tax values,
regardless of the type of meat processed.

Finally, it is important to highlight that no carbon taxes were applied to GHG emissions
in the Forestry sector. It was considered that the same measures (FCCIs) as in the base
scenario were used to control and preserve the Forestry sector.

3.2. Closure and Channel Effects

Economic theory suggests that raising the price of normal goods and services with a
tax reduces the demand for them. Pigou [57] proposed using taxes to internalize negative
externalities and showed that a direct tax on polluting activity is the most efficient tax
instrument for reducing environmental damage. Similarly, the effect of an environmental
tax on carbon emissions from productive activities will depend on the implemented ap-
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proach, the economic structure, consumer preferences, and other sociopolitical factors [58].
In these simulations, short-term closing was considered. Additionally, carbon taxes based
on the origin of the emissions or upon the production level were applied, making it pos-
sible to identify the different effects on production output and trade in other economic
industries (Figure 1).
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Figure 1. Diagram illustrating the carbon tax model in a stylized GTAP setting. The blue boxes represent the Meat & Dairy
sectors. The economic sectors are modeled so that the output is intense in emissions. Therefore, it can be assumed that
the emissions released during production are incorporated into production and trade by all economic agents of the GTAP
model since all agents directly or indirectly use or burn fossil fuels that release GHG emissions.

From the producer side, a FCCI is not effective at reducing methane emissions from
animal production. However, as a carbon pricing mechanism covering emissions, the level
of prices and taxes imposed by the government changes with EI policies. According to [35],
the government revenue increases more when applying carbon taxes to production and
export than when applying carbon taxes to consumers and import goods. Within the scope
of GTAP, this argument suggests that countries that export carbon-intensive commodities,
such as Brazil, cause three possible types of effects:

(a) Pigou’s well-being: there is an efficiency gain associated with the decrease in the
consumption of the polluting good concerning the marginal external cost of pollution
and the change in the price of the polluting good;

(b) Tax interaction: environmental policies increase the price of polluting products related
to household leisure and create market distortions;

(c) Revenue feedback: when environmental tax revenue is recycled through cuts in
(other) marginal tax rates, this reduces the distortion caused by pre-existing taxes,
improving the level of well-being.

The following section presents the results considering the alternative scenarios defined
in this section. Initially, the effects of tariffs and their impact on changes in carbon emissions
are shown. Later, the effects of these carbon tariffs on meat and dairy exports and Brazil’s
GDP are assessed.
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4. Results

This section presents the estimated impacts of the carbon tax policy on the Brazilian
national economy in the four alternative scenarios. The GTAP model is used to simulate
the economic impacts of industrial emissions restrictions in a stylized way. The impact of
carbon taxes on the net carbon emissions of the industries is analyzed in Section 4.1, and
the effects on GDP and trade flows are shown in Section 4.2. To achieve these results, we
also considered two different carbon-equivalence measures (GWP and GTP). Furthermore,
the industry “Meat & Dairy” was disaggregated into three groups: Beef, Pork & Chicken,
and Dairy. This makes it possible to analyze in detail the different impacts, comparing the
other effects of the use of GWP and GTP.

The model includes the interdependent structure of countries and trade flows in the
GTAP database. The results are based on percentage relative changes from the baseline
scenario (given by the data) and the estimated counterfactual situations from the simulated
scenario shocks. Therefore, it was assumed that the baseline scenario reflects the current
policy configuration (in terms of trade, environmental, and agricultural policies). Remark-
ably, Brazil’s trade policies are characterized by a higher degree of protectionism, and the
strengthened agricultural policy is focused on increasing productivity, output, and exports.
In addition, the Brazilian Agricultural Ministry uses a support policy with rural credit,
minimum prices, and interest rates below the market average (subsidies) [1,23].

On the other hand, in terms of Brazil’s environmental policies, the main instrument
used is the national FCCI. To provide evidence on both economic and environmental out-
comes, the counterfactual analysis includes the main changes in an environmental setting
represented by the main multilateral initiative, the Paris Agreement on Climate Change
(also referred to as “COP21”). In this regard, the following section presents the results
of the alternative scenario simulations for six industrial sectors (Meat, Pork & Chicken,
Grains & Crops, Energy, Forestry, and Industry & Services). As the focus of this paper
is sectoral, the effects on macroeconomic aggregates, exports, and gross production are
presented only for the agricultural sectors.

4.1. GHG Emissions

The initial effects of carbon rates on emissions from the Meat & Dairy, Grains & Crops,
Energy, and Industry & Services sectors are presented in Tables 6 and 7. From these
tables, it is possible to identify how the different strategies of pricing the GHG emissions
generate other effects on each individual sector and all sectors in Brazil. As expected, the
carbon taxes applied to GWP emissions have more significant impacts than the GTP on the
activities that have higher methane emissions. Even after the same carbon tariff is applied
to each of the sectors in the Meat & Dairy industry, there is a substitution effect between
the production of beef and dairy and the production of poultry and pork. This results in a
more intense reduction in cattle and dairy farming (Pigou’s well-being effect) and increases
the emissions from the production of other meats, such as chicken and pork. As a result
of these changes, there is a net reduction in GHG emissions. As an example of this, in
Scenario 1, the carbon tariffs are the same for all sectors of the Meat & Dairy industry (Beef,
Pork & Chicken, and Dairy). Still, the observed effects have different intensities according
to the indicator (GWP or GTP) and their link with the other economic sectors in Brazil. This
occurs because, in the structure of the GTAP, the industries affected directly by the shock
present the most significant variation. However, the way these industries are linked with
the others in the economic system triggers indirect effects. Therefore, for all alternatives
in this scenario, it is possible to observe a more significant reduction in the production of
Beef & Dairy than in the production of Chicken & Pork and the other sectors.
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Table 6. Variations (%) in GWP and GTP emissions by agricultural industries in all scenarios.

Scenario and Carbon-Tax Amount
Beef Pork & Chicken Dairy Grains & Crops

GWP GTP GWP GTP GWP GTP GWP GTP

1–20 −11.9 −2.7 1.7 1.6 −1.4 −0.3 0.7 0.2
1–40 −24.5 −6.0 1.0 0.9 −3.0 −0.9 1.6 0.4
1–60 −37.1 −9.3 0.3 0.1 −4.6 −1.4 2.4 0.6
2–20 0.5 0.5 2.3 2.2 0.0 0.0 0.8 0.8
2–40 1.1 1.1 4.8 4.6 0.1 0.1 1.8 1.7
2–60 1.7 1.7 7.3 7.0 0.1 0.1 2.7 2.6
3–20 −12.0 −3.0 0.9 0.3 −1.5 −0.4 −1.1 −1.1
3–40 −23.7 −5.5 4.1 2.7 −3.0 −0.9 −0.5 −0.6
3–60 −35.3 −8.1 7.1 5.2 −4.5 −1.4 0.1 0.0

4–20/40 −11.2 −2.4 3.9 2.7 −9.2 −0.4 0.2 −0.2
4–20/60 −10.6 −1.9 6.9 4.9 −1.3 −0.4 1.1 1.7
4–40/60 −23.0 −4.9 7.0 5.1 −2.9 −0.9 0.6 0.3

Source: The authors based on results.

Table 7. Variations (%) in GWP and GTP emissions by the Energy, Forestry, and Industry & Services sectors and the total in
all scenarios.

Scenario and Carbon-Tax Amount
Energy Forestry Ind. & Serv. Total

GWP GTP GWP GTP GWP GTP GWP GTP

1–20 0.6 0.1 −0.1 0.0 0.1 0.0 −2.4 −0.2
1–40 1.3 0.3 −0.2 −0.1 0.2 0.1 −5.0 −0.4
1–60 2.0 0.5 −0.3 −0.1 0.3 0.1 −7.6 −0.6
2–20 −6.8 −6.6 0.1 0.1 0.2 0.2 −1.7 −2.5
2–40 −14.5 −14.0 0.2 0.2 0.4 0.4 −3.7 −5.2
2–60 −22.1 −21.3 0.2 0.2 0.6 0.1 −5.6 −8.0
3–20 −7.7 −8.1 0.3 0.3 0.5 0.4 −4.6 −3.2
3–40 −14.2 −15.0 0.2 0.4 0.8 0.6 −9.1 −6.1
3–60 −20.6 −21.9 0.2 0.4 1.1 0.8 −13.5 −9.0

4–20/40 −15.1 −15.5 0.3 0.4 0.7 0.6 −6.7 −6.0
4–20/60 −22.5 −22.9 0.4 0.4 0.8 0.7 −8.4 −8.7
4–40/60 −21.6 −22.4 0.3 0.4 1.0 0.8 −10.9 −8.8

Source: The authors based on results.

For these industries, the production of Beef (Dairy) decreased by between −11.9%
and −37.1% (−1.4% and −4.6%) considering GWP and between −2.7% and −9.3% (−0.3%
and −1.4%) considering GTP. The production of Chicken & Pork, even with carbon taxes,
has increased due to a change in relative prices in the Meat & Dairy market.

Due to the growth of this industry, the model shows an increase in the production of
the Grains & Crops and Energy industries, resulting in higher emissions for these last two
groups. For the Brazilian economy in Scenario 1, there is a reduction in carbon emissions
considering GWP, from −2.4% to −7.6%, while for GTP, the reduction is from −0.2% to
−0.6%. Reductions in GHG emissions in terms of GTP are less sensitive to changes in
tariffs when compared with GWP. As discussed earlier, this is mainly due to Brazilian GHG
standards and the higher share of methane.

In the second scenario, the emissions pricing policy was simulated only for the Energy
industry. In this case, two critical issues related to the GTAP model must be considered.
First, there is a proportional relationship between a sector’s emissions and the average
energy use for each industry. Second, the production of the Energy industry assumes a
CES function of energy and value addition [32,45]. Due to this proportional relationship
and the reduced participation of methane in the total emissions of the Energy industry, the
results are very similar for both GHG measures.

As mentioned before, the changes in GHG emissions in terms of GWP and GTP are
similar due to the imposition of equal tariffs only on the Energy industry in Brazil. As a
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result, there is a reduction in the GWP emissions of between −6.8% and −22.1% and a
reduction in the GTP emissions of between −6.6% and −21.3%. In the Brazilian economy,
Scenario 2 shows a reduction in GWP of between −1.7% and −5.6% and a reduction in GTP
of between −2.5% and −8.0%. For the Meat & Dairy industry, Chicken & Pork production
presents a more significant increase in GHG emissions for both indicators.

In Scenario 3, carbon taxes on emissions for all industries of the economy were
simulated, considering the same amount per ton of GHGs. The carbon taxes in this
scenario mainly reduce the emissions from the Energy and Beef & Dairy industries for
both indicators (GWP and GTP). In contrast, even with an equivalent carbon tax, there
is an incentive to increase GHG emissions from Pork & Chicken production due to the
substitution effect between Pork & Chicken and Beef production. As a result, the emissions
from the Energy industry reduce by between −7.7% and −20.6% with respect to GWP and
between −8.1% and −21.9% with respect to GTP. For the Beef industry, there is a reduction
in GWP emissions of between −12.0% and −35.3% and a decrease in GTP emissions of
between −3.0 and −8.1%. Although it experiences a smaller decline, the Dairy industry’s
GWP emissions fall by between −1.5% and −3.5% and its GTP emissions fall by between
−0.4% and −1.4%.

The third scenario also shows the difference between the used indicators (GWP and
GTP) regarding the sensitivity of different measures in pricing carbon emissions for the
various segments of the economy. In most cases, the variations measured in GWP are
greater than the variations in terms of GTP. As a result, the carbon tax effects on GHG
emissions using GWP have a more intense impact on activities related to Beef and Dairy,
mainly because these activities emit more methane.

In the case of GHG emissions measured in GWP, the simulations from Scenario 3 show
a reduction of between −4.6% and −13.5% for the entire Brazilian economy. For GTP, the
variations are between −3.2% and −9.0%. When comparing the results between the two
indicators, it is possible to observe a smaller variation in emissions with respect to GTP for
most industries. For both indicators, the industries most impacted by the application of the
carbon tariff are Energy and Meat & Dairy. In the case of the Energy industry, there are
no essential differences between GWP and GTP. However, in the Meat & Dairy industry,
the variations are smaller in the case of GTP. Therefore, considering equal applied carbon
taxes, GTP seems to be more appropriate than GWP because it does not penalize a relevant
sector of the Brazilian economy with greater intensity.

The last scenario (Scenario 4) simulates different tariffs between industries of the
Brazilian economy. The central idea is to not penalize agricultural activities, which have
lower profitability and carry greater risk than the other economic activities. Three forms
of collection were defined: in the first option of Scenario 4 (4–20/40), a $20/t tariff was
applied to carbon emissions for the Meat & Dairy and Grains & Crops industries and a
$40/t tariff was applied to the Energy and Industry & Services industries. Similarly, the
two other alternatives (4–20/40) and (4–40/60) apply lower carbon taxes to the agricultural
sectors and higher taxes to the Energy and Industry & Services industries.

The different carbon taxes have dissimilar effects on the industries and the economy
compared with the previous scenarios. Specifically, for the Meat & Dairy industry, the
decrease in GHG emissions is smaller when compared with Scenarios 1 and 3 for the same
carbon taxes. On the other hand, because of the substitution effects, the Pork & Chicken
sector increases both its production and emissions, assuming the same carbon tax level and
compared with the alternative scenarios.

In the fourth scenario, Pork & Chicken production has a more significant variation in
GHG emissions than all previous scenarios considering the same carbon tax applied to this
industry. As for dairy production activities, there was a more significant reduction than in
the earlier scenarios. Finally, the changes were more negative and intense in the Energy
industry than in the previous scenarios for the same carbon tax. In general, the results for
the Brazilian economy indicate that GHG emissions would be reduced by between −6.7%
and −10.9% for GWP and by between −6.0% and −8.8% for GTP.
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In Scenarios 1 and 2, tariffs were applied only to the Meat & Dairy and Energy
industries. In Scenario 1, the tariffs on emissions were only applied to the Meat & Dairy
industries. These pricing simulation results imply lower emissions and an intense reduction
in the production of Beef and Dairy. Therefore, Scenario 2 has the potential to create a
greater inequality between the rural and the urban areas in Brazil. On the other hand, in
Scenario 2, where tariffs are applied only to the Energy industry, there is an increase in the
production of Meat & Dairy and in the GHG emissions, which is also undesirable.

Scenario 3 seems to be more appropriate when we use GTP as an indicator of GHG
emissions, mainly because this indicator assigns a lower weight to methane emissions,
which are characteristic of beef and dairy production. The use of GTP, unlike GWP, allows
for a less marked reduction in production and in emissions in the Beef & Dairy industry,
which allows for an equal carbon tax to be applied to all sectors. Scenario 4 seems to be
more appropriate when GWP is used as an indicator for GHG emissions. In this case,
the lower carbon tax for the agricultural sectors than for the other sectors allows us to
compensate for the negative impacts on the production and emissions of these segments
caused by the greater weight of the methane emissions that exists in the GWP.

In the next section, the different scenarios are analyzed in order to evaluate the effects
of carbon taxes on Meat & Dairy exportation and the Brazilian GDP.

4.2. Economic Output and Trade Impacts

This section describes the results from the simulations in terms of changes in Brazilian
exports and GDP. Table 8 presents results for three industries important to Brazilian
international trade (Beef, Pork & Chicken, and Dairy) and the variations in exports and
GDP. The last two columns indicate the variation in GDP considering GWP and GTP.
Finally, for all scenarios, the impacts of these two sorts of carbon equivalence measures
are presented.

Table 8. Changes in exports and GDP in terms of GWP and GTP in all scenarios (%).

Exports
GDP

Scenarios
Carbon-Tax

Beef Pork & Chicken Dairy Total

GWP GTP GWP GTP GWP GTP GWP GTP GWP GTP

1–20 −73.9 −16.5 3.9 3.7 −16.8 −3.6 1.5 0.4 −0.3 −0.1
1–40 −152.1 −37.1 2.6 2.0 −37.3 −10.9 3.0 0.8 −0.5 −0.1
1–60 −230.2 −57.9 1.3 0.5 −57.8 −18.1 4.4 1.2 −0.8 −0.2
2–20 5.1 4.9 5.5 5.4 5.5 5.3 2.4 2.3 −0.9 −0.8
2–40 10.4 10.4 11.3 11.3 11.1 11.1 4.9 4.9 −1.8 −1.8
2–60 16.5 16.7 17.9 18.2 17.6 17.9 7.7 7.8 −2.8 −2.8
3–20 −74.9 −15.9 2.3 0.6 −18.2 −5.3 −1.0 −2.4 −0.3 0.0
3–40 −144.2 −32.2 10.3 6.7 −29.6 −6.0 4.1 1.1 −1.8 −1.2
3–60 −213.8 −45.8 18.1 12.9 −41.2 −5.7 9.1 4.6 −3.3 −2.3

4–20/40 −68.5 −13.3 9.7 6.6 −10.9 −0.4 2.4 0.2 −1.4 −0.9
4–20/60 −61.5 −8.5 16.9 12.1 −3.9 5.0 5.6 3.0 −2.5 −1.9
4–40/60 −137.6 −26.75 17.4 12.7 −22.5 −0.11 7.3 3.7 −2.9 −2.1

Source: The authors based on results.

In Table 8, the first scenario simulates carbon taxes only on the Meat & Dairy industries.
Therefore, the effects on exports in Scenario 1 are mainly concentrated in these segments.
As a result, the Beef sector has the most negative impact on exports, followed by the Dairy
sector. When considering GWP, beef exports were reduced from −73.9% to −230.2%, while
beef exports were reduced from −16.5% to −57.9% for GTP. In the case of GWP, Brazil
changes from a Beef exporter to a Beef importer in Scenario 1–60. For the Dairy sector,
exports also decreased by between −16.8% and −57.8% for GWP and between −3.6% and
−18.1% for GTP in Scenario 1. However, Brazil is not a traditional dairy exporter (it is a
traditional beef exporter) in the international market [59]. As a result of this pattern from
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the base scenario, after applying carbon taxes in Scenario 1, it is possible to observe the
greatest losses in the Beef sector in the international market.

Brazil’s total exports increased from 1.5% to 4.4% for GWP and from 0.4% to 1.2%
considering GTP. Scenario 1 has the smallest variations in GDP, from −0.3% to −0.8%
for GWP and from −0.1% to −0.3% for GTP. However, as previously mentioned, this
scenario presents the negative aspect of pricing only in the Meat & Dairy industry, changing
the relative prices in the Brazilian economy and reducing the production, exports, and
emissions for just one sector.

The results for the second scenario consider the changes in emissions in the Energy
sector. In general, this scenario has an increase in Brazilian exports in the Meat & Dairy
sectors and total exports. There is a significant reduction in GDP (between −0.8% and
−2.8%) for both GWP and GTP in this scenario. On the one hand, this scenario promotes
a reduction in emissions from energy generation. On the other hand, it increases the
production, exports, and emissions of the Meat & Dairy industries. This last aspect has a
determining role for beef cattle production in deforestation in Brazil. The results reinforce
the idea that higher beef production is associated with greater deforestation and more
considerable emissions from the forestry sector.

In Scenario 3, equal tariffs on carbon emissions are applied to all industries. This
scenario also observed the most considerable reductions in beef and dairy exports and the
biggest increases in pork and chicken exports for both indicators (GWP and GTP). Beef
exports decreased by between −74.9% and −213.8% for GWP and by between −15.9%
and −45.8% for GTP. With less intensity, dairy exports decreased by between −18.2% and
−41.2% for GWP and by between −5.3% and −6.0% for GTP. As can be seen, the negative
effects on beef and dairy exports are relatively more intense than those observed in other
scenarios. On the other hand, pork and chicken exports increased by between 2.3% and
18.1% for GWP and by between 0.6% and 12.9% for GTP. Again, the different beef and pork
and chicken exports are due to the substitution effect on meat production.

For the Brazilian economy, this is one of the scenarios that foresees the greatest
reductions in GDP, which can be reduced by up to −3.3% for GWP and by up to −2.3% for
GTP. Despite a significant drop in beef and dairy exports and a predicted drop in GDP for
this scenario, the total exports in Scenario 3 have grown by up to 9.1% for GWP and up to
4.6% for GTP. This scenario indicates that an equal carbon tax on the emissions from all
segments may negatively affect strategic industries in terms of the export of such products
as beef and dairy products.

In the fourth scenario, the pricing for GHG emissions is simulated by applying lower
tariffs to the agricultural sectors than to the Energy and Industry & Services industries. This
alternative scenario is proposed to minimize the effect of carbon taxes on meat and milk,
mainly when the GWP is used as a reference for total emissions. The beef exports decreased
by between −68.5% and −137.6% for GWP in Scenario 4, although they decreased less than
in Scenarios 1 and 3. Likewise, dairy exports fell by between −3.9% and −22.5%, seeing
only GWP emissions. As explained above, this mainly occurs because these industries are
methane-intensive, and GWP penalizes these industries more than GTP does. Similarly, to
Scenario 3, Pork & Chicken sector exports and total exports have increased in Scenario 4,
although the variation is minor. As a result of this dissimilar charge between industries,
the GDP in this scenario has a smaller decrease than in Scenario 3, dropping from −1.4%
to −2.9% in the fourth scenario for GWP.

Considering the results from Tables 6–8, it is possible to observe the disadvantages of
only charging for the emissions from one economic sector. Despite providing reductions in
carbon emissions, Scenarios 1 and 2 increase the differences in income generation between
the analyzed industries of the Brazilian economy, as it charges for emissions from only
one segment. It is also possible to observe that Scenario 3 may be the most appropriate
when using the GTP measure to estimate emissions. In this case, the reduction in GDP is
not as intense as when using GWP, though the export of beef and dairy is also expected
to drop. Finally, as discussed above, Scenario 4 is a combination of different carbon taxes
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on industries that seeks to minimize the effects of GWP on the activities that emit the
most methane. Considering only the GWP alternative, the fourth scenario seems to be the
most adequate in terms of cost distribution among the various economic sectors in Brazil.
Although it presents a significant reduction in beef and dairy exports and the Brazil’s GDP,
it apparently redistributes this cost of carbon emissions among the different industries in a
more balanced way than Scenario 3 for GWP.

5. Discussion

How does the taxation of carbon markets affect economic (gross production and
international trade) and environmental (GHG emissions) outcomes? Our economic results
relate to the amount of sectoral output and trade, while the environmental results that
relate to GHG emissions in terms of GTP and GWP are shown in Figure 2. The fundamental
theoretical assumption is that the shocks that apply to a specific industry affect the produc-
tion cost based on the imposition of a tax. Hence, the objective of a firm is to minimize costs.
The advantage of our general equilibrium framework is that it recognizes that productive
sectors have heterogeneous emission coefficients. They depend fundamentally on the
production function and the nature of the economic activity. Furthermore, the effects occur
directly and by sector in the presence of sectoral shocks and indirectly through backward
and forward input–output linkages.
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Figure 2. Design of simulated carbon-based tax policies in the GTAP model. Source: the authors.

In the cost competitiveness approach, firms become more competitive as production
costs fall (inputs are less expensive), investors expect returns as the cost of capital changes,
and households depend on the variation in the budget constraint to change their consump-
tion patterns. As the tax affects relative prices in the economy, firms can vary the amount
produced to meet domestic and international demand, which requires inputs and primary
factors of production. As the cost-minimizing strategy affects the quantity produced, this
will generate direct and indirect effects on the market for factors of production, which,
in turn, affect the level of capital investment and the level of household wages. These
variations occur simultaneously with the changes in relative prices, whether domestic or
international. Thus, the effects on the use of inputs in specific economic sectors affect the
availability of resources to other sectors of the economy, propagating through intersectoral
and international production chains. The environmental extension of the model assumes a
relationship between the technical coefficients of emissions (dependent on the intensity
with which economic sectors emit GHGs), the intersectoral links (technical requirements),
and the relative prices of the economy.

Building on this CGE framework, this paper has proposed four scenarios of implemen-
tation of carbon-based policies focused on EIs. In this regard, as discussed above, Brazilian
agriculture policies have enabled an increase in agri-food production. Still, they have also
intensified concerns about agribusiness and environmental protection and climate change
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mitigation actions. While Brazilian environmental legislation seeks to control deforestation
and the use of land not suitable for agriculture, the agricultural policy encourages a contin-
uous increase in the area destined for production and natural resource exploitation. As a
result, there is an increase in (and spread of) the environmental impacts of food production,
not accompanied by specific policy instruments that allow for the mitigation of negative
effects of agri-food production systems on the environment. Moreover, agricultural expan-
sion is often related to increased deforestation, which may negatively affect the growth and
sustainability of Brazilian agricultural and food exports in the coming years [4,6,60].

Over the past few decades, Brazil has positioned itself as an essential driver of the
international meat and dairy industries. At the same time, the country has been an active
player in the multilateral discussions about agreements focused on sustainability and the
control of carbon emissions worldwide. Therefore, the need to develop environmental and
food policies capable of associating the sustainable growth of Brazilian agriculture with
socio-environmental guidelines is fundamental to Brazil’s trading position in the context
of climate change.

The policy implications of the results presented suggest the need for a debate on the
definition of a specific EI regarding the mitigation potential of Brazilian GHG emissions
in the food industries where Brazil has comparative advantages. International evidence
corroborates these results [35,39], showing the relevance of adopting policies based on the
carbon market as a mechanism to induce changes in agri-food production systems that
allow for the amount of GHGs in the atmosphere to be reduced [61]. These instruments
change relative prices in the Brazilian economy and can reduce GHG emissions, stimulating
the adoption of clean technologies and production activities that emit less GHGs. As
discussed above, carbon taxes not only reduce the production of beef-related deforestation
in new agricultural areas but also partially change the whole sector’s production towards
other segments that emit less GHGs, such as the production of pork and chicken meat.
Although these latter two are not directly linked to the expansion of new agricultural areas
or associated with deforestation, this EI may minimize conflicts between agricultural and
environmental issues in Brazil.

A relevant aspect of the international debate on climate change policies relates to
CO2 equivalence measures, which tend to penalize economies with advantages in terms of
meat-related industries and that engage in intense land-use activities. The counterpart of
the total GHG emissions concerning the industrial structure is given by the different types
of GHG, which have different sectoral coefficients according to the measure considered.
The results reinforce the fact that the use of an EI with GWP and GTP measures produces
distinct effects on total emissions, production, and trade. For the analyzed scenarios, the
use of GWP always has a more intense impact on beef and milk production. For this reason,
the taxation of all industries (Scenario 3) implies reducing not only beef exports but also
changing Brazil’s position from an exporter to a beef meat importer when GWP is used as
a measure of GHG emissions.

Notwithstanding, the application of an EI on the industry level (Scenarios 3 and 4)
restricts less than the GTP the urban economic activities and reduces more the urban
economic activities in those industries with methane emissions. For example, the Energy
industry had a similar production change for both indicators (GWP and GTP) when
applying carbon taxes. However, there was a sharper drop for GWP for the beef and dairy
industries than for GTP. In addition, the Industry & Service sector, even when the GHG
emissions were taxed, showed an increase in GHG emissions due to the change in the
economy’s relative prices.

Another relevant aspect evidenced in this study is the adjustment in the size of the
carbon pricing policy in a sector-specific way. Adjusting the levels of environmental taxes
generates results that vary in terms of economic and trade effects and the potential for
reducing the amount of pollutants generated by Brazil in the international setting. In food
production, trade, and consumption, meat chains are indirectly penalized by failing to
consider emissions reduction targets measured in GWP. Including taxes on all industries
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(Scenario 3), emissions reduce less intensely with respect to GTP than with respect to GWP
in beef and dairy production. The negative effect on exports is also lower for beef and dairy
when using GTP than when using GWP.

As the environmental policy applied lower taxes to the Meat & Dairy sector compared
with others (Scenario 4), the results are more promising for the agri-food industry; the more
significant the difference and the lower the carbon taxes applied to the agricultural sector in
relation to the other industries, the larger size of the relative tax-driven results in terms of
total output and GHG emissions. When taxed (Scenario 4, 20/60 per ton), the agricultural
sector was less penalized, especially the beef and dairy industries. The negative economic
impacts were also lower for beef and dairy exports.

To minimize the adverse effects on economic activity, particularly meat and dairy
production, it is important to consider the possibility of a gradual introduction of carbon
taxes on GHG emissions, allowing those industries more intensely affected by charging
for GHG emissions a period of adaptation. It will enable farmers to adapt, adopt clean
technologies, and/or reorganize their economic activities into less-GHG-emitting industries.
The following section presents the main conclusions of this research and the contributions,
which are related to reductions in carbon emissions obtained by applying carbon taxes to
GHG emissions.

6. Conclusions

This article analyzed the effects of the implementation of economic instruments
based on carbon taxation on strategic industries of the Brazilian economy in terms of
economic (GDP and exports) and environmental (GHG emissions for both the GWP and
GTP measures) outcomes. To identify the effects of this policy implementation, a strategy
was adopted to compare four different environmental policies scenarios evaluating the
degree of effectiveness at reducing emissions.

In terms of climate policies, the article contributes to broadening the discussion and
presenting different strategies to reduce carbon emissions in Brazil. Although Brazil
significantly reduced its GHG emissions from 2005 to 2018 for both GWP (−44%) and
GTP (−54%) (see Table 1) with a consistent increase in meat exports, this emission pattern
will be difficult to maintain. Furthermore, the increase in production and exportation of
meat, particularly beef, has increased pressure on forest areas to be converted into pasture
areas. In this sense, the present study presents a broad set of Economic Instruments to
complement current environmental and agricultural policies, which might allow for a
sustainable reduction in carbon emissions.

Brazil has been a signatory to the Paris Agreement since 2015 and uses the GWP to
measure sectoral GHG emissions, define its environmental policies, and pursue the targets
for reducing GHG emissions set out in the Paris Agreement. However, as discussed in
the results, the GWP penalizes those industries that emit a higher proportion of methane
more than other industries, which is associated with a policy of charging for emissions that
severely harms the production and export of beef.

The results presented suggest that using the GTP measure for carbon taxes may be an
alternative strategy to minimize the effects of local environmental policies on charging for
emissions and reduce the negative impact on beef production and exportation. Another
alternative, although less effective from the point of view of the meat industry, is to keep
charging for GHG emissions using GWP but to impose lower tariffs on the agricultural
sector. Adopting more strict measures to reduce GHG emissions may place Brazil in a
prominent position in the global context as a proactive country in global warming mitiga-
tion. However, as discussed earlier in this study, Brazil must apply environmental policy
instruments to all economic industries without rendering unfeasible strategic industries,
such as the beef industry.

A limitation of this study was the focus on modeling the effect of the carbon tax on
the production system. Therefore, the estimated results consider the impact on the purely
economic compensatory relations between the market price and the supply and demand by
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economic agents within the multiregional structure of the CGE model. In this sense, future
studies can explicitly incorporate the energy component capable of measuring the effects
of taxation on an emission source instead of the final product of the productive activity.
Despite this, the main cause-and-effect mechanism was incorporated into this analysis
since the model assumes that changes in relative prices are determined by economic agents’
decision processes and behavior.

Finally, an appropriate debate on the use of a diverse range of environmental policy
instruments may allow Brazil to reduce its GHG emissions and minimize the negative
impacts upon production, exports, and economic growth. For this reason, cooperation
between policy-makers from different areas, such as economics, trade, agriculture, and the
social sciences, is essential.
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