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a b s t r a c t
As we confront the current environmental crisis, determining the biophysical base (e.g., materials, energy,
land, and water) of nations has become paramount. With advanced economies beneﬁting from the import
of resource-intensive primary goods originating from poorer parts of the world, especially emerging
nations, these are dilapidating their natural capital. Brazil is one of such emerging economies, whose
mining and farming activities, propping up its export-led economic growth, exert great pressure on the
environment. In particular, farming has been shown to have one of the world’s greatest environmental
impacts, especially as a consequence of land use associated with cattle ranching. Since a nation-wide
evaluation of land-use types across the whole sectorial spectrum of the country’s economy is still lacking,
we used the most recently available Input–Output Economic Model for Brazil and the Ecological Footprint
method to identify those economic sectors with the greatest potential for appropriating portions of the
natural world.
Our results show that: (i) the biggest chunk of Brazil’s Ecological Footprint is due to its Carbon Footprint
and, in particular, emissions from cattle; (ii) only a few economic sectors exhibit high Ecological Footprint
values, chieﬂy those belonging to livestock farming and energy production based on fossil fuels; (iii)
excluding the soybeans and slaughter sectors, export-oriented sectors have below-average Ecological
Footprint values; and (iv) the percentage of Brazil’s Ecological Footprint due to household consumption
(excluding imports) is three times bigger than that attributable to exports, with sectors belonging to
livestock farming contributing the most to such disparity.
These results underscore that the environmental impact of the Brazilian economy can be drastically
reduced by tackling the emission-intensive production processes of a few sectors only and disincentivizing the domestic consumption of a narrow range of products, especially with respect to the livestock
segment.
© 2015 Elsevier Ltd. All rights reserved.

1. Introduction
In the current era of dwindling natural resources and
widespread environmental degradation (Brown, 2011), driven
by global population growth, rapid industrialization of emerging countries and humanity’s increasing level of consumption
(Royal Society, 2012), it has become paramount to determine
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the biophysical bases of nations (Adriaanse et al., 1997; Behrens
et al., 2007; Global Footprint Network, 2010; Matthews et al.,
2000). As societies grow wealthier, they demand more and more
materials and energy to sustain their economic activities and
standard of living. From 1900 to 2005, total material extraction of
biomass, ores and industrial minerals, construction minerals, and
fossil fuels increased eight-fold globally (Krausmann et al., 2009).
Not only has global resource consumption expanded, but also
there are huge geographical imbalances on how natural resources
are used. Advanced economies beneﬁt from major natural capital transfers originating mainly in poorer parts of the world,
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where most material extraction takes place and energivorous
and highly polluting industries are found (Sustainable Europe
Research Institute, GLOBAL 2000, 2009; UNEP, 2011a; Wiedmann
et al., 2013). This fact, coupled with rapid population increase
in developing countries and growing consumption in emerging
economies, has caused the global metabolic rate – the quantity of
materials and energy used per capita per year – to start rising again
during the last decade (UNEP, 2011b). This metric, in fact, which
had been rising since the beginning of the previous century, had
reached a fairly stable level between the oil crisis of the 70s and
the beginning of the current century. At present, emerging nations
display a metabolic rate similar to that of industrial countries in
the 1950s and 60s (UNEP, 2011b).
One of such nations is Brazil, whose metabolic rate was close to
the world’s average in 1970, but had almost doubled by 2005, reaching China’s level (Hashimoto et al., 2012). In the period 1975–1995,
the most thorough study that has been carried out so far on the
material and energy ﬂows of the Brazilian economy has found a
tremendous increase in the use of materials, with domestic material extraction growing at 120% over the period, in contrast with a
48% and 68% rise in population and gross domestic product (GDP),
respectively (Machado, 1999; Machado et al., 2004). A similar trend
was found between 1995 and 2005, with the domestic extraction of
materials in the country having expanded from 2310 to 3006 million tonnes over the period (Wiebe et al., 2012). Likewise, between
1970 and 2008, primary energy production in Brazil rose from circa
50 million tonnes of oil equivalents to circa 250 (de Freitas and
Kaneko, 2011), whereas population and GDP showed more modest
growth rates.
Not only has the absolute amount of extracted materials and
energy rocketed in Brazil, but also material intensity (i.e., the
quantity of materials embedded in each unit of GDP) and energy
intensity (i.e., joules per GDP) have increased substantially. In a
study that compared the direct material input per unit of GDP
between 1975 and 1995 among different countries, Brazil and
Venezuela were the only countries that exhibited an upward trend
(Amann et al., 2002). With the exception of Saudi Arabia, Brazil
is the country that has reduced its energy intensity the least
between 1990 and 2005, as compared to other G20 member states
(Abramovay, 2010a).
This spectacular surge in Brazil’s metabolic rate can be
attributed to the country having become one of the top mining
and agricultural powerhouses of the world (Tollefson, 2010). In
particular, due to the availability of vast areas of land suitable for
crop cultivation and pastures, Brazil has focused on developing
farming, making it key to its economic growth strategy (World
Bank, 2010). In recent decades, in fact, this nation has acquired
a competitive advantage in the production of primary goods and
natural-resource-intensive goods (Laplane and Baltar, 2009), with
the agribusiness sector contributing to around 25% of the nation’s
GDP (Martinelli et al., 2010). From the year 2000 to 2007 the role
of primary goods in exports grew by nearly 15% (UNEP, 2011a) and
from 2006 to 2011 the proportion of exports comprising iron ore,
oil, soy, beef, sugar and coffee rose from 28% to 47% (Abramovay,
2012). Beef exports have increased seven-fold on a mass basis during the past decade, making Brazil the world’s top exporter of this
commodity and the world’s second largest producer (Cederberg
et al., 2011). With the largest cropped area in the country (23 million
ha) occupied by soybeans, Brazil is also one of the world’s leading
soya exporters (Tollefson, 2010).
Brazil has not only become a net exporter of material- and
energy-intensive primary goods, but also, in recent decades, the
pollution and emission potential of its exports has risen. From
2002 to 2007 there has been a steady increase in the Linear Acute
Human Toxicity Index of exports, with only ten products accounting for 60% of overall toxicity (UNEP, 2011a). In an older study
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that analyzed the emission- and pollution-intensity of the Brazilian
economy in 1985 and 1990–1994, the productive chains associated
with exports were found to be “dirtier” than those associated with
the domestic market (Young, 2000). Furthermore, such intensities
were not distributed homogenously across economic activities, but
were concentrated in a few sectors only: metallurgy, paper and
cellulose, chemicals, and food products. Similarly, Machado et al.
(2001) found that in 1995 each dollar earned with exports embodied 40% more energy and 56% more carbon than each dollar spent
on imports. In summary, the revenue from Brazil’s exports of primary goods and natural-resource-intensive goods comes at a high
environmental cost, in terms of materials/energy used and emissions/pollution produced.
In a study that evaluated six major environmental impacts
(water use, greenhouse gas emissions, waste, air pollution, land
and water pollution, and land use) for over 1000 primary production and processing region-sectors across the world, land use in
South America – caused mainly by cattle ranching in Brazil and
the associated appropriation of virgin land and loss of ecosystem
services – was one of the categories with the greatest impact on
nature (Trucost and TEEB for Business Coalition, 2013). Notably,
the expansion of agriculture in Brazil has been accompanied by
heavy deforestation, affecting the nation’s major biomes: the Amazon Forest, the Atlantic Forest and the Cerrado (Martinelli et al.,
2010). In particular, the opening up of the beef and soy industries
to foreign markets has been directly linked to the increased rate
of deforestation that the Legal Amazon Region (LAR) experienced
between 2002 and 2004 (Nepstad et al., 2006). Apart from being
responsible for ecosystems’ degradation and biodiversity loss, land
use and land-use change have also been identiﬁed as the main factors contributing to Brazil’s greenhouse gas emissions. In fact, land
use, land-use change, and forestry (LULUCF) accounted for about
two-thirds of Brazil’s CO2 eq emissions in 2008, with two-thirds
of that amount represented by deforestation alone (World Bank,
2010).
Although land use and land-use change have been well studied in Brazil (e.g., Aldrich et al., 2006; de Sá et al., 2012; Gardner
et al., 2013; Leite et al., 2012), a nation-wide evaluation of land-use
types across the whole sectorial spectrum of the country’s economy is still lacking. Most importantly, the amount of land utilized
by each Brazilian economic sector per monetary unit of their ﬁnal
demand (i.e., land intensity) is not known. Such information is
crucial in order to identify the most land-intensive industries and
hence those with the greatest potential (per unit of GDP) for appropriating portions of the natural world. Consequently, the present
study was based on a powerful indicator of land-use type, the Ecological Footprint (EF), together with an Input–Output (I-O) Model
of the Brazilian economy.
The EF measures the amount of productive land seized by a
country in order to support all its economic activities (i.e., the total
land required to provide resources to, and absorb emissions from,
a country’s economy). For Brazil it has been reported from 1961
to 2008 by the Global Footprint Network, showing that although
the per capita EF has remained constant throughout the period
(at circa three global hectares, gha), due to population growth, per
capita biocapacity (i.e., the amount of biologically productive land
and sea area available in a country) has declined steadily (from
circa twenty-three to eleven gha). Nonetheless, in per capita terms,
Brazil’s biocapacity remains nearly four times as big as its EF.
The EF of a country, however, is a coarse indicator of natural
resource appropriation; a greater level of detail is needed in order
to understand which economic activities use the greatest amount
of land, both directly and indirectly. Such thoroughness can be
achieved by adopting a combined I-O/EF framework. By associating the land-use categories of the Global Footprint Network to the
relevant economic sectors of an I-O monetary table, the direct and
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indirect land requirements per each sector’s unit of ﬁnal demand
(i.e., their total EF intensity) can be calculated. The main advantage
of using an I-O framework is that it enables the discovery of the
indirect physical or monetary ﬂows of an economy. Moreover, by
multiplying the total EF intensity of each sector by the monetary
value of a corresponding ﬁnal demand category (e.g., exports), the
EF associated with a speciﬁc level of consumption can be estimated.
By using an I-O Model of the Brazilian economy for 2006 and
determining the EF of each of the Model’s sectors, the present
research aims to answer the following questions:

(1) Which are the sectors with the highest EF intensity?
(2) Do the most export-oriented sectors exhibit the highest EF
intensity values?
(3) Which are the sectors with the highest EF of ﬁnal demand values?
(4) What is the EF of household consumption vis-à-vis that of
exports?

2. Material and methods
The present investigation was constrained by the availability of I-O sector by sector models for the Brazilian economy,
the most recent one being from 2006, and detailed information
required for the EF analysis, especially that sourced from Brazil’s
agricultural and livestock censuses (“Censo Agropecuário”), the
latest one being from 2006 (Brazilian Institute of Geography and
Statistics – IBGE, 2007b). Although the overall EF of Brazil has
been determined for every year since 1961 and methodological
developments from Bicknell and co-workers allow the disaggregation of a country’s EF by economic sector and ﬁnal demand
category (i.e., top-down approach; Bicknell et al., 1998; see also
Wiedmann et al., 2005), it is more accurate to use a bottom-up
approach, estimating the EF of each individual sector from scratch.
An I-O Model of the Brazilian economy for 2006 including 135 sectors, which was made available by one of the paper’s co-authors
(http://guilhotojjmg.wordpress.com), was aggregated into a 64sector Model, since such a high level of detail was not needed
(Appendix A). Sectors of economic importance (in terms of their
contribution to annual GDP), oriented towards exports, and with
high polluting and emission potential were left disaggregated. For
each sector of the 64-sector I-O Model, the land used under each of
the six land-use categories employed by the Global Footprint Network – forest land, Carbon Footprint (CF), cropland, grazing land,
built-up land, and ﬁshing grounds – was calculated (Borucke et al.,
2013). Some land-use categories were not applicable to all sectors;
for example, cropland can only be associated with the agricultural
sectors. Only the CF category was linked to all sectors, since economic activities within all 64 sectors generate greenhouse gases.
As shown in Appendix B, data on agricultural products (used to
calculate cropland) were obtained from the Brazilian Institute of
Geography and Statistics – IBGE (2007a,b); data on livestock products (used to calculate grazing land) from the Brazilian Institute
of Geography and Statistics – IBGE (2007b), Krausmann et al.
(2008) and the National Syndicate of the Animal Feed Industry
(http://sindiracoes.org.br); data on timber products (used to calculate forest land) from the Brazilian Institute of Geography and
Statistics – IBGE (2007a); data on ﬁshery and aquaculture catches
(used to calculate ﬁshing grounds) from the Brazilian Institute
of the Environment and Renewable Natural Resources – IBAMA
(2008); and data on built-up surfaces (used to calculate built-up
land) from the National Department of Transport Infrastructure of
Brazil’s Ministry of Transport – MT/DNIT (personal communication;
with respect to roads and railways), the National Agency of Electric

Energy – ANEEL (2008; with respect to dams) and Miranda et al.
(2005; with respect to urbanized area).
Both energy- and non-energy-related emissions, used to compute the CF, were calculated (Appendix C). The former were
obtained by re-allocating energy consumption data from the
National Energy Balance of Brazil for 2006 (Energy Research
Company – EPE and Ministry of Mines and Energy – MME, 2007) and
by computing emission factors of fuels and electricity generation
according to the Intergovernmental Panel on Climate Change – IPCC
(2006) guidelines and the Brazilian Ministry of Science, Technology
and Innovation – MCTI (2008, 2010). Non-energy-related emissions were calculated according to the Intergovernmental Panel
on Climate Change – IPCC (2006) methodology and data from
the Brazilian Institute of Geography and Statistics – IBGE (2007b).
These included emissions from: deforestation, livestock (enteric
fermentation and manure management), agriculture (paddy rice
production, sugarcane production, and direct nitrogen emissions
from soils), mining (coal mining, lime, oil products, and natural
gas), chemical industry (excluding petrochemicals), petrochemicals, cement, glass, steel and iron production, and non-ferrous
metals. Total emissions were then converted into carbon uptake
land (required to neutralize them) by multiplying the energy- and
non-energy-related emissions of each one of the 64 sectors of the
I-O Model by one minus 0.22, the ocean absorption factor (Ewing
et al., 2009).
Subsequently, for each sector within each land-use category, the
estimated amount of land was divided by the world’s yield factor for
that category and multiplied by the relevant equivalence factor, giving land in gha (Borucke et al., 2013). For cropland the yield factor
was obtained from the FAOSTAT website (http://faostat.fao.org), for
grazing land from the ORNL DAAC Net Primary Production data set
(http://daac.ornl.gov/NPP/npp home.shtml), for forest land from
the Intergovernmental Panel on Climate Change – IPCC (2006), and
for the CF (i.e., carbon uptake factor) from the Global Footprint Network (Ewing et al., 2009; Appendix B). For built-up land no yield
factor is needed (Borucke et al., 2013). For ﬁshing grounds, the yield
factor corresponds to the Primary Production Requirement of the
Maximum Sustainable Yield of the ﬁshing and aquaculture catch of
a speciﬁc year and region. However, since for most of the circa 270
species that were caught in Brazil in 2006 biological assessments
are lacking, after having tried some shortcuts to calculate MSYs,
which produced wild estimates, it was decided to use the ﬁshing
grounds value of the Global Footprint Network. Equivalence factors
for the different land-use categories for 2006 were obtained from
Ewing et al. (2009) and Appendix B.
Finally, for each sector, the global hectares estimated under each
land-use category were added up to obtain the EF.
In order to compute the direct EF intensities of each sector of
the I-O Model, the estimated EF (in gha) of a sector was divided by
its total output (in millions of Reais, mBRL). Subsequently, the total
(direct plus indirect) EF intensities of each sector of the I-O Model
(also called land multipliers) were obtained by pre-multiplying
the Leontief inverse matrix of the I-O table by a diagonal matrix
containing the direct EF intensities and summing up the values of
each column of the resulting matrix (i.e., column sums). A sector’s
total EF intensity indicates the amount of land (in gha) needed to
provide resources directly and indirectly to that sector and absorb
its direct and indirect emissions for every mBRL of that sector’s ﬁnal
demand.
The information on built-up surfaces needed to calculate builtup land consisted of the area occupied by dams, which was linked to
the I-O table sector “Production of electric energy (hydraulic)”, the
area occupied by roads and railways, and urbanized area, which was
estimated through satellite images by Miranda et al. (2005). Since
it was not possible to link the area occupied by roads and railways
and urbanized area to any speciﬁc sector of the I-O table, the total
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roads plus railways plus urbanized area was allocated to the secondary and tertiary sectors (18–64, excluding sector 50; Appendix
A) of the I-O table by dividing it in equal parts among them (strategy 1). In order to see the effect of an alternative built-up land
allocation strategy on EF intensities, the roads plus railways plus
urbanized area was divided according to those sectors’ contribution to total monetary output (strategy 2). Finally, built-up land
was excluded all together from the analysis (strategy 3). The EF
intensities calculated using these three strategies produced very
similar results, indicating that results were not sensitive to the way
in which built-up land was scored, and hence the ﬁrst strategy was
used for subsequent analyses.
To test whether the export-oriented sectors exhibited the highest total EF intensity values, sectors were ranked according to
the monetary value of their exports (ranking E), the contribution of exports to the monetary value of their ﬁnal demand
(ranking E/FD%), the contribution of exports to the monetary
value of their total output (ranking E/TO%), and their total EF
intensities calculated above. The ﬁrst three metrics, especially
the third one, are an indication of the relevance of exports
within an economy. Sectors that ranked the highest (arbitrarily choosing the ﬁrst ten ranks out of 64 as threshold) in at
least two of the E, E/FD% and E/TO% rankings were considered export-oriented. Subsequently, the total EF intensities of
export-oriented sectors were compared to Brazil’s average total EF
intensity.
Finally, in order to compute the EF of ﬁnal demand, household
consumption (excluding imports), and exports, the total (direct
plus indirect) EF intensities of each sector were multiplied by the
monetary value of their ﬁnal demand, household consumption, and
exports, respectively.
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3. Results
The EF of each sector of the 64-sector I-O Model and the contribution of the six land-use categories to the EF are shown in
Appendix B.
The total (direct plus indirect) EF intensities of each sector (in
gha per one mBRL of ﬁnal demand), broken down into its six
components, are presented in Fig. 1. The ﬁrst result that stands
out is that only a few sectors had very high EF intensities. The
majority of them exhibited relatively low values that fell below
Brazil’s average total EF intensity, 881 gha/mBRL. As a whole,
two “islands” of high total EF intensity were found: the livestock sectors and the energy sectors based on fossil fuels, which
contributed to 36% and 21% of the economy’s total EF intensity, respectively. The most EF-intensive sectors in 2006 were:
cattle (7678 gha/mBRL), other livestock (5248 gha/mBRL), production of energy with diesel (4749 gha/mBRL), production of electric
energy with coal (4450 gha/mBRL), production of electric energy
with fuel oil (2679 gha/mBRL), dairying (2583 gha/mBRL), soybeans
(2505 gha/mBRL), and slaughter (2334 gha/mBRL).
The biggest component of Brazil’s total EF intensity was the CF
(77%), receiving the biggest share of gha in all but three sectors,
followed by grazing land (15%; Fig. 1). The decomposition of the
CF into its three main categories is shown in the inset of Fig. 1.
Energy emissions and emissions from deforestation accounted for
40% of the CF each, the latter being associated with the primary
(70% of total emissions from deforestation) and a few secondary
sectors of the economy, the former originating from the secondary
(92% of total energy emissions) and tertiary sectors. Emissions from
deforestation were highest in the cattle (16% of total) and soybeans
(12% of total) sectors.

Fig. 1. Ecological Footprint (EF) and Carbon Footprint (in the inset) components for 64 sectors of the Brazilian economy in 2006. Numbers in x-axes indicate economic sectors
(for sector labels see Appendix A). Y-axes indicate total (direct plus indirect) Ecological/Carbon Footprint intensities in global hectares (gha) per million Brazilian Reais (mBRL)
of ﬁnal demand.
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Table 1
Sector rankings. Ranking of 64 Brazilian economic sectors in 2006 according to the monetary value of their exports (ranking E), the ratio of the monetary value of their exports
to that of their ﬁnal demand per cent (ranking E/FD%), the ratio of the monetary value of their exports to that of their total output per cent (ranking E/TO%), and their total
Ecological Footprint (EF) intensities (in global hectares per mBRL of ﬁnal demand). Only the top ten ranks are shown. Sectors present in at lest two of the E, E/FD% and E/TO%
rankings are regarded as export-oriented (underlined); sectors present in at least two of the E, E/FD% and E/TO% rankings and in the total EF intensities ranking are regarded
as both export-oriented and EF-intensive (in bold). For sector labels see Appendix A; mBRL, million Brazilian Reais.
Rank

Sectors

E (mBRL)

Sectors

Final Demand
(mBRL)

E/FD%

Sectors

Total Output
(mBRL)

E/TO%

Sectors

Total EF
intensities

1
2
3
4
5
6
7
8
9
10

Vehicles
Trade
Services
Machines
Steel
Iron
Slaughter
Oil
Other metals
Sugar

34,340
31,687
30,015
26,874
18,982
16,365
15,132
14,908
12,704
11,545

Agrochemicals
Wood
Steel
Soybeans
Iron
Fertilizers
Petrochemicals
Other metals
Oil
Chemicals

384
5829
19,907
9137
17,380
487
1606
14,169
16,970
4324

173.0a
96.1
95.4
94.8
94.2
90.5
90.4
89.7
87.8
87.0

Iron
Soybeans
Other metals
Sugar
Wood
Steel
Leather
Slaughter
Tobacco
Vehicles

25,114
21,822
35,566
34,807
19,616
70,714
23,264
64,480
9977
162,460

65.2
39.7
35.7
33.2
28.6
26.8
26.0
23.5
21.4
21.1

Cattle
Other livestock
E diesel
E coal
E oil
Dairying
Soybeans
Slaughter
Fishing
E gas

7678
5248
4749
4450
2679
2583
2505
2334
2250
1756

a

Value bigger than 100 due to stock variation.

Table 1 shows the most export-oriented sectors of the Brazilian
economy in 2006, according to the monetary value of their exports
(ranking E), the contribution of exports to the monetary value of
their ﬁnal demand (ranking E/FD%), and the contribution of exports
to the monetary value of their total output (ranking E/TO%). These
were: iron ore (sector’s exports with 6th biggest monetary value,
94% of sector’s ﬁnal demand due to exports, 65% of sector’s total
output due to exports), soybeans (13th, 95%, 40%), metallurgy
of non-ferrous metals (9th, 90%, 36%), sugar manufacture (10th,
55.5%, 33%), wood products (excluding furniture; 19th, 96%, 29%),
manufacture of steel and derivatives (5th, 95%, 27%), oil and other
(8th, 88%, 20%), vehicles and automobiles (1st, 33%, 21%), and
slaughter (7th, 29%, 23.5%). The only sectors that were present
in the top ten ranks of at least two of the E, E/FD%, and E/TO%
rankings, and in the top ten ranks of total EF intensities are

soybeans and slaughter. Excluding these two sectors, the total
EF intensities of all other export-oriented sectors were below
Brazil’s average: 121 gha/mBRL for iron ore (representing 14% of
Brazil’s average total EF intensity), 168 gha/mBRL for metallurgy
of non-ferrous metals (19%), 289 gha/mBRL for sugar manufacture
(33%), 118 gha/mBRL for wood products (excluding furniture;
13%), 330 gha/mBRL for manufacture of steel and derivatives (37%),
105 gha/mBRL for oil and other (12%), and 87 gha/mBRL for vehicles
and automobiles (10%). Graphically, the comparison between the
most EF-intensive sectors (bar chart) and those whose exports
contribute the most to their total output (area chart) is shown in
Fig. 2. This ﬁgure also compares the direct and total (direct plus
indirect) EF intensities of each sector.
The EF of ﬁnal demand, household consumption (excluding
imports), and exports is depicted in Fig. 3. As for the EF intensities,

Fig. 2. Bar chart: Ecological Footprint (EF) intensities of 64 sectors of the Brazilian economy in 2006, in thousand global hectares (gha) per million Brazilian Reais (mBRL)
of ﬁnal demand (y-axis on the left). Area chart: ratio of monetary value of exports to that of total output percent (y-axis on the right). Numbers in x-axis indicate economic
sectors (for sector labels see Appendix A).
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Fig. 3. Ecological Footprint of ﬁnal demand (thick grey line), household consumption (excluding imports; thin grey line), and exports (black line) for 64 sectors of the Brazilian
economy in 2006 (for sector labels see Appendix A). Values (0–20) are in natural logarithms of global hectares.

the sectorial proﬁle of the EF of ﬁnal demand was also skewed, with
the values of six sectors falling between 20 and 121 million gha –
slaughter (120,488,632), cattle (99,666,538), dairying (45,976,253),
services (42,257,188), manufacture of vegetable oils and processing of other plant-based products (34,953,163), and soybeans
(22,887,113) – and those of the remaining 58 sectors falling below
20 million gha. Overall, the share of the EF of Brazil’s ﬁnal demand
due to household consumption was 60%, whereas the share due to
exports was 22%. The sectors with the biggest EF of household consumption were slaughter (84,419,677 gha; 25% of the total), dairying (45,631,072 gha; 13%) and cattle (43,652,541 gha; 13%); those
with the biggest EF of exports were slaughter (35,318,005 gha; 28%
of the total) and soybeans (21,689,959 gha; 17%).
4. Discussion
As competition for land intensiﬁes, especially among a country’s
agriculture, forestry, energy and conservation sectors (Foley et al.,
2011; Smith et al., 2013), it is fundamental to have accurate information on the land requirements of economic activities. Knowledge
of EF intensity and EF of ﬁnal demand across the whole sectorial
spectrum of an economy is not only crucial to have a picture of
which sectors are appropriating the biggest quantity of actual and
virtual (needed to neutralize emissions) land. Such knowledge also
aids in the formulation of economic policies aimed at minimizing
land use, carbon emissions and trade-offs between different landuse types and maximizing the carbon-absorption capacity of land
(e.g., by reforesting degraded areas).
The sectors of the Brazilian economy that required more land per
monetary unit of ﬁnal demand were those belonging to livestock
farming (cattle, other livestock, dairying, slaughter, and soybeans)

and energy production based on fossil fuels (oil, diesel, and coal;
Fig. 1). However, when the total EF intensity of sectors was multiplied by the monetary value of their ﬁnal demand, the resulting
picture changed: sectors associated with livestock farming still
retained some of the highest values (in particular, slaughter, cattle,
and dairying), but the energy sectors based on fossil fuels exhibited the lowest values, since in 2006 their ﬁnal demands were the
smallest of the Brazilian economy (Fig. 3). Additionally, sectors that
exhibited some of the lowest total EF intensity values, such as the
services and construction sectors, displayed some of the highest
EF of ﬁnal demand values (Fig. 3). These results underscore that in
order to assess the overall EF of a country’s economy, it’s fundamental to consider both the total EF intensity and EF of ﬁnal demand of
sectors. A sector with a high environmental impact per monetary
unit of ﬁnal demand might not pose a severe problem if it contributes little to a country’s overall ﬁnal demand (like the energy
sectors based on fossil fuels in our case), but, potentially, it could
have a large effect on the environment if demand for its output
increases. Conversely, a sector with a small environmental intensity might nonetheless pose a signiﬁcant threat to the environment
if it has a high ﬁnal demand (like the services and construction sectors in our case). Since both the total EF intensity and EF of ﬁnal
demand sectorial proﬁles exhibited skewed distributions, focusing
on just a few sectors would go a long way towards reducing the
environmental impact of the Brazilian economy. In particular, it
would be crucial to start from livestock farming, since this includes
sectors that displayed both high total EF intensity and EF of ﬁnal
demand values.
A sector’s direct EF intensity is determined by the ratio of its
EF to its total output. Hence, the most effective way to lower
such intensity is to decrease direct EF and increase total output,
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effectively delinking them. In essence, taking into account that
the CF accounted for most of Brazil’s EF, this means decoupling
the economic growth of a sector from its emissions. Interestingly,
decoupling between emissions and GDP growth was observed
two times in Brazil: between 1980 and 1994 and between 2004
and 2009 (de Freitas and Kaneko, 2011). The only instance of
absolute decoupling (see UNEP, 2011b), however, occurred in
2009, when emissions decreased by 4.7%, compared to 2008,
whereas national GDP rose by 0.3% over the year. The drivers
behind this occurrence were carbon intensity reduction, in particular in the energy and transport sectors, and energy matrix
diversiﬁcation. Future studies should explore the scope for
decoupling total output from greenhouse gas emissions for those
sectors contributing the most to Brazil’s emissions, especially
those belonging to livestock farming. Interestingly, between 2005
and 2010 the GDP of farming (both agriculture and livestock)
grew by 26.5%, whereas greenhouse gas emissions by 5.2% only
(Carbon Institute Brazil, 2013). One of the main objectives of the
recently created Low Carbon Emission Agriculture Plan (Plano
Setorial de Mitigação e de Adaptação às Mudanças Climáticas
para a Consolidação de uma Economia de Baixa Emissão de
Carbono na Agricultura – Plano ABC) is precisely to lower the
carbon intensity of farming in Brazil, in particular by enhancing the carbon-absorption capacity of agricultural soil (http://
www.agricultura.gov.br/desenvolvimento-sustentavel/plano-abc).
Our research found a huge total EF intensity and EF of ﬁnal
demand values for livestock farming (cattle, other livestock, dairying, slaughter, and soybeans). The cattle and other livestock sectors
had the highest total EF intensities (with the remaining three
sectors exhibiting the 6th, 7th and 8th highest values) and livestock farming represented nearly 52% of Brazil’s overall EF of ﬁnal
demand, with the cattle and slaughter sectors contributing the
most (Figs. 1 and 3). These results are not surprising, since Brazil
has more cows than people and the biggest cattle herd in the world
(Solbrig, 2006). Sixty-eight percent of cattle’s EF was attributable
to the CF and the rest to grazing land, meaning that an area bigger
than the actual pastures in which cattle roamed in 2006 would have
been needed to neutralize their emissions. Cattle’s CF was composed chieﬂy of emissions linked to deforestation (58%) – which
represented 47% of the emissions that were caused by deforestation in the LAR of Brazil in 2006 (circa 388 million tonnes of CO2 ) –
and enteric fermentation (41%; inset of Fig. 1 and Appendix C).
Bustamante et al. (2012) estimated that in 2005 the full set of
emissions originating from cattle raising in Brazil (due to deforestation, pasture burning, and enteric fermentation) were responsible
for nearly half of the country’s emissions. According to these
authors, the most effective way to mitigate Brazil’s greenhouse gas
emissions resides in its cattle industry, in particular by reforesting
degraded pastures, improving pasture productivity and promoting the spatial intensiﬁcation of cattle heads (see also Cederberg
et al., 2011; FAO, 2006). With respect to the last item, Cohn et al.
(2014) have found that, by subsidizing more intensive cattle ranching or taxing conventional pastures, deforestation in the Brazilian
Amazon would be reduced by about 50% between 2010 and 2030.
However, care needs to be taken, since previous studies have
shown that the intensiﬁcation of cattle ranching could either lower
beef prices, thus increasing beef consumption, or raise them, thus
increasing beef production (Institute for Applied Systems Analysis,
2014). Additionally, in the absence of effective nature conservation
policies, intensiﬁcation and the productive use of already-cleared
lands may stimulate additional deforestation, via direct agricultural
encroachment or displacement of other land uses (Macedo et al.,
2011). Apart from the use of economic instruments (i.e., taxes, subsidies, etc.) and/or command-and-control policies to directly reach
land-sparing objectives, currency exchange rates too can affect,
indirectly, the location and extent of farming activities, and hence

the degree of land sparing. Richards et al. (2012) found that, as for
2012, 31% of the extent of soybean production in Bolivia, Paraguay
and Brazil (approximately 80,000 km2 ) emerged as a supply-area
response to the devaluation of local currencies with respect to the
dollar in the late 1990s. On the contrary, more recent depreciation of the dollar and appreciation of the Brazilian real have spared
nearly 90,000 km2 of forested land from turning into cropland,
nearly half of this in the Amazon alone.
One of the main ﬁndings of the research is that in 2006 the
Brazilian economic sectors oriented towards exports – iron ore,
metallurgy of non-ferrous metals, sugar manufacture, wood products (excluding furniture), manufacture of steel and derivatives, oil
and other, and vehicles and automobiles – had below-average total
EF intensities, with the notable exception of soybeans and slaughter (Fig. 2 and Table 1). Soybeans, which ranked second and fourth
in the E/TO% and E/FD% rankings, respectively, exhibited the seventh biggest total EF intensity; slaughter, which ranked seventh
and eighth in the E and E/TO% rankings, respectively, had the eighth
highest total EF intensity. The other export-oriented sectors ranked
much lower in terms of their total EF intensity: 46th – iron ore, 47th
– wood products (excluding furniture), 28th – manufacture of steel
and derivatives, 30th – sugar manufacture, 41st – metallurgy of
non-ferrous metals, 49th – oil and other, and 55th – vehicles and
automobiles. Visually, these results are shown in Fig. 2, in which
there is a clear delinking between the EF intensities of sectors (bar
chart) and the ratio of the monetary value of their exports to that of
their total output (which gives an indication of how much exportoriented they are; area chart). Therefore, per one mBRL of ﬁnal
demand, the most export-oriented sectors did not embody large
areas of actual and virtual land, relatively speaking and excluding
soybeans and slaughter.
The above-mentioned result – the fact that the environmental
impact (in terms of total EF intensity) of Brazilian economic sectors oriented towards exports was below average – is a by-product
of recent changes in the trade portfolio of the country and of the
different environmental impact of primary versus manufactured
commodities. Although primary goods have historically formed an
important subset of Brazil’s export basket, in the last forty years
the role played by manufactured goods in the country’s exports has
increased, especially with respect to the electro-mechanic industry: motor vehicles, electric machines and equipment, aerospace,
telecommunications (Euvaldo Lodi Institute – IEL, 2009). In fact, the
contribution of manufactured goods in Brazil’s exports increased
from less than 30 percent in 1974 to more than 50 percent in
1981, oscillating between 50 and 60 percent ever since (Cardoso,
2009). Even though the relative environmental impacts of primary
and processing activities are difﬁcult to evaluate and compare,
in general, the environmental degradation arising from producing primary products is more severe than that caused by further
processing (Hecht, 1997; but see OECD, 1996). More precisely,
the production of primary commodities affects the long-term sustainability of the resource base, through deforestation, soil erosion,
fertilizer/pesticide residue, habitat destruction, biodiversity loss,
etc., whereas processing activities result in water, air and land pollution (OECD, 1996). Additionally, the use of imported inputs to
produce a country’s exports (i.e., vertical specialization), and hence
the outsourcing of environmental impacts overseas, increases with
the level of processing of goods (Hummels et al., 2001). In conclusion, the below-average total EF intensities estimated for Brazil’s
export-oriented economic sectors (excluding soybeans and slaughter) can be attributed to Brazil’s substantial share of manufactured
goods in its 2006 export portfolio (circa 56 percent).
Fig. 2 shows how important it is to use a combined EF/I-O
framework in order to account for indirect effects. In fact, the
EF intensities of many secondary sectors were only attributable
to such effects. If the energy sectors are excluded, indirect EF
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intensities of secondary sectors represent nearly 82% of their total
EF intensities. Although Brazil’s secondary sectors (excluding the
energy ones) use small quantities of land directly, they generate
numerous indirect land ﬂows, because they process many intermediate products from other industries. Interestingly, the share of
indirect EF intensities of tertiary sectors is only 30% of the total
EF intensity of these sectors. A bigger share would be expected
from tertiary sectors, or at least a percentage higher than that for
secondary sectors (Rosenblum et al., 2000).
Overall, 60% of the EF of ﬁnal demand was due to household
consumption – with 51% of this value explained by slaughter, dairying and cattle – whereas exports’ share was only 22% (Fig. 3).
In 46 out of the 64 sectors of the Brazilian economy, the EF of
household consumption surpassed that of exports. For other food
products, tobacco products, transport for passengers and dairying, more than 70% of the EF of their respective ﬁnal demand was
ascribed to household consumption. These results indicate that the
environmental pressure exerted from domestic consumers, especially through the purchase of products related to livestock farming,
is signiﬁcant and often not appreciated enough and, as the country’s middle class expands, it might further exceed that of exports.
In fact, globally, increasing afﬂuence has been linked to rising meat
consumption (Gerbens-Leenes and Nonhebel, 2002; Sutton et al.,
2013; Wiedmann et al., 2013).
Although Brazil does not sit at the top of the list of most meateating nations, which sees countries like the US, Canada, Australia,
and New Zealand, its meat (chicken, beef, and pork) consumption has increased dramatically in the last two decades. Between
2001 and 2010, it grew by 17.5%, from 80 to 94 kg per capita per
year, an amount above the global average of developed countries
(Abramovay, 2010b, 2012). Chicken meat led the expansion, with
a 44% increase over the period. From 2013 to 2023, meat consumption in Brazil is expected to grow further: a 43% increase
in beef, 26% in chicken, and 19% in pork (Afonso, 2013). Studies
on food security have found that a shift from a vegetarian diet
based on wheat to an afﬂuent one centred on meat leads to a sixfold increase in the land required for food (Gerbens-Leenes and
Nonhebel, 2002). Beef requires the biggest amount of land, 20.9 m2
per kg per year, twice as much the area needed to supply pork
meat and three times as much land needed to provide chicken. Even
more, some authors argue that in the near future dietary change,
brought about by afﬂuence, may supersede population growth as
the main driver behind land requirements for food (Kastner et al.,
2012).
Since 2006, the contribution of the energy sector to Brazil’s
aggregate emissions has soared, doubling during the period
2005–2010, whereas the share of emissions from farming has
expanded by a more modest extent (Carbon Institute Brazil, 2013).
This indicates that Brazil’s emission proﬁle is starting to look like
one from an industrialized country, where the biggest proportion
of greenhouse gases is generated from the energy sector. Worryingly, this shift, accompanied by an expected increase in the carbon
intensity of Brazil’s energy sector and exploitation of offshore oil
reserves, is causing a major retrocession in Brazil’s commitments to
mitigate climate change announced in 2009 (OECD and IEA, 2013).
In fact, the carbon intensity of energy use (measured in CO2 per
total primary energy supply) is projected to double in 2030, as
compared to 1970, due mainly to an increase in the use of coal
prompted by the limited capacity of hydropower (Halsnæs et al.,
2008).

5. Conclusion
Together with the pioneering analyses of Machado (1999)
and Machado et al. (2004) on Brazil’s material and energy ﬂows,
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the present research contributes to the determination of the
biophysical base underlying the country’s economy. For a nation
whose primary commodities represent an important portion of
the export basket, whose middle class and associated level of
consumption are quickly expanding, and whose carbon-intensity
of energy use is expected to grow, such studies are urgently
needed.
The present research has estimated the environmental impact,
in terms of Ecological Footprint, of 64 sectors of the Brazilian
economy for the year 2006, ﬁnding that: (i) Brazil’s Ecological
Footprint is mainly due to its Carbon Footprint and, in particular, emissions from cattle; (ii) only a few economic sectors
exhibit high Ecological Footprint values, chieﬂy those belonging to livestock farming and energy production based on fossil
fuels; (iii) excluding the soybeans and slaughter sectors, exportoriented sectors have below-average Ecological Footprint values;
and (iv) the percentage of Brazil’s Ecological Footprint due to
household consumption (excluding imports) is three times bigger than that attributable to exports, with sectors belonging
to livestock farming contributing the most to such disparity.
Our results suggest the most effective way to mitigate the
environmental impact of Brazil’s economy would be to improve
the environmental performance of farming and energy production
based on fossil fuels, with a special emphasis on cattle raising, by
far the economic sector with the biggest EF. For this purpose, it is
fundamental to assess the scope for decoupling the environmental impact of cattle raising from milk and beef production, through
the intensiﬁcation of cattle heads, manure and waste-water management, etc. In this context, both command-and-control policies
and economic instruments (such as taxes and subsidies) that promote land sparing, in the context of a favourable currency exchange
regime, are essential.
The composition of Brazil’s export portfolio in 2006, with a
substantial share of manufactured goods, underlies the ﬁnding
that most export-oriented sectors (except soybeans and slaughter)
had below-average EF values. In fact, on average, the environmental impact of secondary sectors is lower than that of
primary ones. However, both the soybeans and slaughter sectors made an important contribution to the country’s monetary
value of exports and exhibited high total EF intensities. Once
again, since both these sectors are associated with livestock
farming and processing, decreasing the environmental impact
of all economic activities that prop up the livestock complex is
paramount.
Finally, our results indicate that the environmental pressure
exerted from domestic consumers, especially through the purchase
of products related to livestock, is signiﬁcant and often not appreciated enough. In fact, the environmental externalities generated
by livestock raising and processing are often blamed on distant
foreign purchasers. However, current ﬁgures on afﬂuence increase
and concomitant rise in meat consumption in Brazil indicate that
the biggest threat to the environment stems from domestic meat
consumers.
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Appendix A.
Economic sectors used in the present study. Sector denominations are taken from a 135 sector by sector Input-Output table for Brazil
for 2006 (see http://guilhotojjmg.wordpress.com).
No.

Sector denomination

Sector abbreviation

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Rice
Corn
Sugarcane
Soybeans
Fruits
Other crops
Forestry
Plant extraction (from native vegetation)
Cattle
Other livestock
Pigs
Birds
Fishing plus aquaculture
Oil and other
Natural gas
Iron ore
Other mining and quarrying
Slaughter
Manufacture of vegetable oils and processing of other plant-based products
Dairying
Animal rations
Sugar manufacture
Coffee industry
Other food products
Drinks
Tobacco products
Textiles and apparel items and accessories
Leather goods and footwear
Wood products (excluding furniture)
Pulp, paper and newspapers
Petroleum and coke reﬁning
Alcohol
Manufacture of other organic chemical products and other chemicals
Manure and fertilizers
Manufacture of basic petrochemicals
Manufacture of resin and elastomers, rubber industry and plastics products
Pharmaceutical products
Agrochemicals
Perfumes plus various paints and chemicals
Cement
Manufacture of glass and glass products
Other products of non-metallic minerals
Manufacture of steel and derivatives
Metallurgy of non-ferrous metals
Machines and equipment
Vehicles and automobiles
Wood furniture
Other furniture and beddings
Several industries
Production of electric energy (hydraulic)
Production of electric energy (fuel oil)
Production of electric energy (coal)
Production of energy (diesel)
Production of electric energy (natural gas)
Production of electric energy (sugarcane)
Production of energy from other sources
Distribution of electric energy
Piped gas
Water, sewage and urban cleaning services
Construction
Trade
Transport for cargo and mail
Transport for passengers
Services

–
–
–
–
–
–
–
Plant extraction
–
–
–
–
Fishing
Oil
Gas
Iron
Other mining
–
Oils
–
Feed
Sugar
Coffee
Other food
–
Tobacco
Textiles
Leather
Wood
Paper
Petroleum
–
Chemicals
Fertilizers
Petrochemicals
Plastics
Pharmaceuticals
–
Perfumes
–
Glass
Other minerals
Steel
Other metals
Machines
Vehicles
–
Furniture
Other industries
E hydraulic
E oil
E coal
E diesel
E gas
E sugarcane
E other sources
E distribution
–
Water
–
–
Transport cargo
Transport pass.
–
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Appendix B.
Ecological Footprint components for 64 sectors of the Brazilian economy in 2006. For ﬁshing grounds the value of the Global Footprint
Network was used (see text). For references used refer to text.
B.1. Carbon Footprint
Carbon uptake land = emissions × (1 − fraction absorbed by oceans). Carbon uptake factor = annual rate of world average carbon uptake
per hectare of forest land. The equivalence factor refers to the world average value for forests in 2006. Carbon Footprint = carbon uptake
land/carbon uptake factor * equivalence factor. Ha, hectare; gha, global hectares.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

Sector
Rice
Corn
Sugarcane
Soybeans
Fruits
Other crops
Forestry
Plant extraction
Cattle
Other livestock
Pigs
Birds
Fishing
Oil
Gas
Iron
Other mining
Slaughter
Oils
Dairying
Feed
Sugar
Coffee
Other food
Drinks
Tobacco
Textiles
Leather
Wood
Paper
Petroleum
Alcohol
Chemicals
Fertilizers
Petrochemicals
Plastics
Pharma.
Agrochemicals
Perfumes
Cement
Glass
Other minerals
Steel
Other metals
Machines
Vehicles
Wood furniture
Furniture
Other industries
E hydraulic
E oil
E coal
E diesel
E gas
E sugarcane
E other sources
E distribution
Piped gas
Water
Construction
Trade
Transport cargo

Carbon uptake land (ha)
23,213,449
35,474,411
23,473,047
133,414,786
25,349,985
106,336,226
510,687
11,726,357
521,055,736
6,555,128
23,201,846
3,505,558
275,906
11,226,938
4,307,057
3,955,781
2,958,355
1,037,243
1,014,979
382,065
208,245
559,915
120,309
468,626
528,610
116,631
1,037,243
271,955
229,310
3,130,636
23,404,372
1,066,630
6,956,174
927,134
5,225,987
4,262,413
1,702,080
628,503
2,352,673
23,032,424
14,356,166
6,389,352
46,818,904
8,989,527
2,641,510
1,899,151
160,836
92,217
155,126
54,630
2,374,415
6,640,027
6,823,272
6,825,106
102,405
1,281,725
1,777,721
0
93,707
337,112
617,927
71,677,143

Carbon uptake factor

Equivalence factor

3.59

1.24

Carbon Footprint (gha)
8,018,016
12,253,000
8,107,682
46,081,987
8,755,984
36,728,947
176,393
4,050,329
179,974,683
2,264,167
8,014,008
1,210,833
95,299
3,877,828
1,487,674
1,366,342
1,021,827
358,268
350,578
131,967
71,929
193,397
41,555
161,865
182,584
40,285
358,268
93,934
79,205
1,081,334
8,083,961
368,418
2,402,690
320,236
1,805,076
1,472,254
587,905
217,087
812,623
7,955,489
4,958,676
2,206,907
16,171,432
3,105,018
912,388
655,974
55,553
31,852
53,581
18,869
820,132
2,293,491
2,356,785
2,357,418
35,371
442,713
614,032
0
32,367
116,440
213,434
24,757,565
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No.

Sector

63
64

Transport pass.
Services

Carbon uptake land (ha)

Carbon uptake factor

Equivalence factor

40,808,033
4,052,967

Carbon Footprint (gha)
14,095,254
1,399,911

B.2. Cropland
The yield and equivalence factors refer to world average values for 2006. Cropland = agricultural products/yield factor * equivalence
factor. Ha, hectare; gha, global hectares.
No.

Sector

Agricultural products (tonnes)

Yield factor (tonnes/ha)

1
2
3
4
5
6

Rice
Corn
Sugarcane
Soybeans
Fruits
Other crops

11,526,685
42,661,677
477,410,655
52,464,640
40,188,721
58,660,007

41.206
48.098
685.979
23.289
140.585
46.17

Equivalence factor

Cropland (gha)

2.39
668,562
2,119,868
1,663,333
5,384,108
683,225
3,036,249

B.3. Grazing land
Livestock products refer to the amount of biomass required by livestock after cropped feeds (included in the cropland category) are
subtracted. Yield and equivalence factors refer to world average values for 2006. Grazing land = livestock products/yield factor * equivalence
factor. Ha, hectare; gha, global hectares.
No.
9
10

Sector

Livestock products (tonnes)

Cattle
Other livestock

Yield factor (tonnes of dry matter/ha)

Equivalence factor

2.7

0.51

566,894,557
24,077,278

Grazing land (gha)
108,807,181
4,621,284

B.4. Forest land
Yield and equivalence factors refer to world average values for 2006. Forest land = timber products/yield factor * equivalence factor. Ha,
hectare; gha, global hectares.
No.

Sector

Timber products (tonnes)

Yield factor (tonnes of dry matter/ha)

Equivalence factor

Forest land (gha)

1.24
7
8

Forestry
Plant extraction

104,346,776
49,359,782

91
154

1,421,868
397,442

B.5. Built-up land
Built-up surfaces were calculated by allocating the same percentage of roads plus railways plus urbanized area to each secondary and
tertiary sector of the Brazilian economy in 2006 (except for sector 50; see text). Built-up land = built-up surfaces * equivalence factor. Ha,
hectare; gha, global hectares.
No.

Sector

Built-up surfaces (ha)

Equivalence factor

Built-up land (gha)

0.51
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Slaughter
Oils
Dairying
Feed
Sugar
Coffee
Other food
Drinks
Tobacco
Textiles
Leather
Wood
Paper
Petroleum
Alcohol
Chemicals
Fertilizers
Petrochemicals
Plastics
Pharma.
Agrochemicals
Perfumes

58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209

29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
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No.

Sector

Built-up surfaces (ha)

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Cement
Glass
Other minerals
Steel
Other metals
Machines
Vehicles
Wood furniture
Furniture
Other industries
E hydraulic
E oil
E coal
E diesel
E gas
E sugarcane
E other sources
E distribution
Piped gas
Water
Construction
Trade
Transport cargo
Transport pass.
Services

58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
1,876,740
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
58,209
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Equivalence factor

Built-up land (gha)
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
1,876,740
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687
29,687

Appendix C.
Sources of energy and non-energy emissions. For references used refer to text.
C.1. Energy emissions
Energy emissions were calculated using IPCC’s emission factors for fuels, stationary combustion for industry and power generation, and
mobile combustion for the transport sector. CO2 emission factors for biofuels were considered null. Emissions from electricity were taken
from emission factors calculated for Brazilian power generation in 2006 (MCTI, 2008).
Emission factor (kg/GJ)

tCO2eq /toe

CO2

CH4

N2 O

Fuel – Stationary
Natural gas
Diesel oil
Fuel oil
Liqueﬁed petroleum gases
Coke oven gas
Other petroleum products
Kerosene
Petroleum coke
Sub-bituminous coal
Coking coal
Lignite coke
Sugarcane bagasse
Wood/Wood waste
Charcoal
Electricity

56.1
74.1
77.4
63.1
107.0
73.3
71.9
97.5
96.1
94.6
107.0
0.0
0.0
0.0
n.a.

0.001
0.003
0.003
0.001
0.001
0.003
0.010
0.003
0.010
0.010
0.005
0.030
0.300
0.200
n.a.

0.0001
0.0006
0.0006
0.0001
0.0015
0.0006
0.0006
0.0006
0.0015
0.0015
0.0010
0.0040
0.0040
0.0010
n.a.

2.3511
3.1130
3.2512
2.6442
4.4996
3.0796
3.0283
4.0928
4.0527
3.9899
4.4976
0.0813
0.3639
0.2218
0.3757

Fuel – Transport
Natural gas
Diesel oil
Motor gasoline
Fuel oil
Aviation gasoline
Jet Kerosene
Ethanol
Electricity

56.1
74.1
69.3
77.4
70.0
71.5
0.0
n.a.

0.001
0.004
0.025
0.007
0.001
0.001
0.018
n.a.

0.0001
0.0039
0.0080
0.0020
0.0020
0.0020
0
n.a.

2.3511
3.1552
3.0274
3.2729
2.9562
3.0190
0.0188
0.3757
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Energy consumption and emissions from the National Energy Balance (EPE, 2007) were allocated to the 64-sector Input–Output table
according to monetary values, as follows:
I-O sector

% Allocation

Energy Balance sector

Rice
Corn
Sugarcane
Soybeans
Fruits
Other crops
Forestry
Plant extraction (from native vegetation)
Cattle
Other livestock
Pigs
Birds
Fishing plus aquaculture

3
6
10
11
9
19
4
3
20
1
3
10
2

Agriculture and livestock

Oil and other
Natural gas

85
15

Energy sector

Iron ore
Other mining and quarrying

65
35

Mining and quarrying

Slaughter
Manufacture of vegetable oils and processing of other plant-based products
Dairying
Animal rations
Sugar manufacture
Coffee industry
Other food products
Drinks

24
23
9
5
13
3
11
12

Manufacture – Foods and
Beverages

Tobacco products
Textiles and apparel items and accessories
Leather goods and footwear
Wood products (excluding furniture)
Pulp, paper and newspapers
Petroleum and coke reﬁning
Alcohol
Manufacture of other organic chemical products and other chemicals
Manure and fertilizers
Manufacture of basic petrochemicals
Manufacture of resin and elastomers, rubber industry and plastics products
Pharmaceutical products
Agrochemicals
Perfumery plus various paints and chemicals
Cement
Manufacture of glass and glass products
Other products of non-metallic minerals
Manufacture of steel and derivatives
Metallurgy of non-ferrous metals

2
100

Other manufacturing
Textiles

5
4

Other manufacturing

100
73
9
12
8
7
35
14
5
19
100
23
77

Pulp and paper
Energy sector – Reﬁnery
Energy sector – Distillery

Chemical industry

Cement
Ceramics

100
100

Iron and Ferroalloys
Non-ferrous metals

Machinery and equipment
Vehicles and automobiles
Wood furniture
Other furniture and beddings
Several industries

47
34
3
2
3

Other manufacturing

Production of electric energy (hydraulic)
Production of electric energy (fuel oil)
Production of electric energy (coal)
Production of energy (diesel)
Production of electric energy (natural gas)
Production of electric energy (sugarcane)
Production of energy from other sources

15
0.2
0.3
0.3
0.8
0.4
1

Energy sector – Power
generation

Distribution of electric energy
Water, sewage and urban cleaning services

100
4

Energy sector – Distribution
Public sector

Construction
Trade

11
21

Commercial sector

Transport for cargo and mail
Transport for passengers

64
36

Transport sector

Services

96 + 68

Public sector + Commercial sector
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C.2. Non-energy emissions
C.2.1. Deforestation
Deforestation in 2006: 14,286 km2 = 1,428,000 ha. Source:
www.brasil.gov.br/cop/panorama/o-que-o-brasil-esta-fazendo/
combate-ao-desmatamento.
Carbon content in Amazon forest: 158.5 tC/ha = 581.1 tCO2 /ha.
It corresponds to the average carbon content in the different forest
types of the Amazon (min: 73.64 tC/ha; max: 270.89 tC/ha). Source:
MCTI (2010).
Emissions from deforestation (total = 830.1 Mt CO2 ) were allocated to Input–Output sectors according to the monetary value of
production (in millions of Reais, MM R$) that takes place in the
Legal Amazon (North + Mato Grosso): 47% of emissions allocated to
cattle, 20% to soy and 16% to other cultures. Source: IBGE (2007b).
Selected sectors

Rice
Corn
Sugarcane
Soybeans
Fruits
Other crops
Plant extraction (from
native veg.)
Cattle
Other livestock
Pigs

Total
production
(MM R$)

% Allocation

CO2 emissions
due to
deforestation
(tonnes)

604
1246
605
4908
887
3863
438

2
5
2
20
4
16
2

20,122,975.8
41,522,038.3
20,167,362.5
163,560,172.3
29,551,168.8
128,729,608.6
14,601,253.0

11,635
125
600

47
1
2

387,722,959.1
4,172,995.4
19,988,092.5

xAm,j
EjD = AD CAm 
x
j Am,j
EjD , emissions from deforestation in sector j, in tCO2 ; AD , deforested
area, in ha; CAm , carbon content, in tCO2 /ha; xAm,j , production in
Amazon in sector j, in MM R$.
C.2.2. Livestock
• Enteric fermentation (CH4 ). Source: IPCC (2006; vol. 4;
Agriculture, Forestry and Other Land Use; pp. 10.28–10.29). Data
for developing countries are for all livestock, but cattle. Cattle data
are for Latin America. Numbers are average values between milk
(72) and beef (56) production. Source for physical production:
IBGE (2007b).
Livestock

Emission factor for enteric fermentation
(kg CH4 head−1 yr−1 )

Cattle
Buffalos
Goats
Sheep
Swine

64
55
5
5
1

EjEF = 25 Fj

Nj
103

EjEF , emissions from enteric fermentation in livestock j, in tCO2eq ;
Fj , emission factor for enteric fermentation for livestock j, in
kg CH4 head−1 yr−1 ; Nj , number of animals of livestock j, in headcounts.
• Manure management (CH4 ). Source: MCTI (2010, p. 214). Emission factors are for domestic livestock (tier 3). Source for
physical production: IBGE (2007b).
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Livestock

Emission factor for manure management
(kg CH4 head−1 yr−1 )

Cattle
Buffalos
Goats
Sheep
Swine
Birds

1.226
0.564
0.564
0.564
10.51
0.091

EjMM = 25 MMj

Nj
103

EjMM , emissions from manure management for livestock j, in
tCO2eq ; MMj , emission factor for manure management for livestock j, in kg CH4 head−1 yr−1 ; Nj , number of animals of livestock
j, in headcounts.
C.2.3. Agriculture
• Paddy rice production (CH4 ). Source: MCTI (2010, p. 214). The
same proportion between different production methods for 2005
was used for 2006, since the relevant information in the IBGE
website could not be found, that is: 35.3% for continuous production, 1.2% for wetlands and 63.5% for dry-seeded. CH4 emissions
differ among methods and were calculated from the National
Inventory. Source for physical production: IBGE (2007b).
Production method

Emission factor
(kg CH4 ha−1 yr−1 )

Continuous
Wetlands
Dry-seeded

300
239.1
0

EjPR = 25 PRj

APR
j
103

EjPR , emissions from paddy rice production for production
method j, in tCO2eq ; PRj , emission factor for paddy rice production from method j, in kg CH4 ha−1 yr−1 ; APR
, area used for paddy
j
rice production for method j, in ha.
• Sugarcane production (CH4 and N2 O). Source: MCTI (2010, p.
217). Emissions due to crop burning for harvesting. Due to lack
of data (records are only available from 2007), the same proportions of burn/mechanized harvesting area as 2005 were assumed.
Source for physical production: IBGE (2007b). Emission factors:
0.328 kg CH4 t−1 and 0.016 kg N2 O t−1 .
E SC = BR

P SC (25BCH4 + 298BN2O )
103

ESC , emissions from sugarcane production, in tCO2eq ; BR , burned
area/harvested production ratio; BCH4 , emission factor for
methane for burned sugarcane crops, in kg CH4 t−1 ; BCH4 , emission factor for nitrous oxide for burned sugarcane crops, in kg
N2 O t−1 .
• Direct nitrogen emissions from soils (N2 O).
◦ Fertilizers: total emissions were calculated from nitrogenous
fertilizers consumed in 2006 and then allocated to each crop
by means of monetary values. Source for total nitrogen content in fertilizers in 2005 and soil emissions due to them:
MCTI (2010, pp. 219–220). Total fertilizers (NPK) commercialized in Brazil in 2005 and 2006 were compared and the same
ratio between all fertilizers and nitrogen content was assumed.
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Source: Associacao Nacional para Difusao de Adubos (ANDA),
http://www.anda.org.br/pdfs/estatisticas 2006.pdf.

2005
2006

Fertilizers
commercialized (tonnes)

Nitrogen content
(tonnes)

N2 O emissions
(Gg)

20,194,731
20,981,734

2,201,404
2,287,194

31.1
32.3

xj
EjF = 298FN NEF 

x
j j

EjF , emissions from fertilizers use in sector j, in tCO2eq ; FN ,
amount of nitrogen in fertilizers commercialized, in tonnes;
NEF , emission factor for N2 O from fertilizers, in kg N2 O t−1 ; xj ,
production in sector j, in MM R$.
◦ Crop residues (N2 O). Source: MCTI (2010, p. 219). Emissions per
tonne of soybeans, corn, manioc, beans, sugarcane, and paddy
rice, due to crop residues in the soil, were calculated from the
National Inventory of 2005, and the ratios were applied to
2006 production. Source for physical production: IBGE (2007b).

Paddy rice
Sugarcane
Beans
Manioc
Corn
Soybeans

2005 production
(tonnes)

Nitrogen emissions
(Gg N2 O)

13,192,863
422,956,646
3,021,641
25,872,015
35,113,312
51,182,074

1.5
2.3
1.0
2.8
5.7
12.5

EjCR = 298 CRj

Activity

0.114
0.005
0.331
0.108
0.162
0.244

103
EjCR , emissions from soil due to crop residues in sector j, in
tCO2eq . CRj , emission factor for crop residues in sector j, in
kg N2 O t−1 yr−1 ; Pj , production of sector j, in tonnes.
C.2.4. Mining
• Coal mining (CH4 ) – Fugitive emissions. Source for total coal production, in tonnes: IBGE (2007a). Ratio between underground
mining and surface coal mining was considered the same as in
2005, since information for 2006 could not be found (MCTI, 2010,
p. 180). Emission factors correspond to lower ones from tier 1
from IPCC, due to its correlation to measured emissions in mines
of southern Brazil.
Fugitive emissions (m3 CH4 t−1 )
Mining

Post-mining

10
0.3

0.9
0.05

IPCC – emission factors for fugitive emissions from oil
and gas in developing countries – lower values

Well drilling
Well testing
Well servicing
Oil production
(fugitive
offshore)
Oil production
– Venting
Oil production
– Flaring
Total

EO = P O

Emission factor
(kg N2 O t−1 yr−1 )

Pj

Underground mining
Surface coal mining

• Oil products (CH4 , CO2 and N2 O). Source for emission factors: IPCC
(2006, pp. 4.55–4.58). Source for physical output, in 1000 m3 :
IBGE (2007a).

CO2

N2 O

3.3E−05
5.1E−05
1.1E−04
5.9E−07

1.0E−04
9.0E−03
1.9E−06
4.3E−08

0
6.8E−08
0
0

t/m3
t/m3
t/m3
t/m3

0.000925
0.010295264
0.0027519
0.000014793

7.2E−04

9.5E−05

0

t/m3

0.018095

2.5E−05

4.1E−02

6.4E−07

t/m3

0.04181572

9.39E−04 5.02E−02 7.08E−07


j

EFj,ghg GWPghg

EO , fugitive emissions from oil production, in tCO2eq ; PO , oil production, in m3 ; EFj,ghg , emission factors from activity j for each
GHG, in tCO2eq /m3 ; GWPghg , global warming potential for each
GHG.
• Natural gas (CH4 , CO2 and N2 O). Natural gas emissions were considered to be all from ﬂares, since the National Petroleum Agency
(ANP) does not distinguish between ﬂared and fugitive losses.
Emissions from ﬂares were considered as stationary combustion.
Amount of natural gas burned in ﬂares for 2006 was collected
from ANP (2012) and emission factors for stationary combustion
from IPCC (2006, p. 2.16). Emission factors, in kg GJ−1 for each
GHG, were: 56.1 for CO2 , 0.001 for CH4 and 0.0001 for N2 O.
EflNG = GN fl CF



EFghg GWPghg

ghg

EflNG , emissions from ﬂaring, in tCO2eq ; GNﬂ , amount of natural
gas burned in ﬂares, in m3 ; CF, conversion factor from kg GJ−1 to
t toe−1 , 0.041868; EFghg , emission factor for ﬂaring for each GHG,
in kg GJ−1 ; GWPghg , global warming potential for each GHG.

C.2.5. Chemical industry, except petrochemicals
Products taken into account in this industry were the ones
accounted for in the National Inventory. Source: MCTI (2010, pp.
187–189).
Emission factors for chemical
products (tCO2eq t−1 )
CO2
Soda (Na2 CO3 )
Nitric acid (HNO3 )
Ammonia (NH3 )
Titanium dioxide (TiO2 )
Carbon black

CH4

N2 O

0.138
0.02
1.46
0.826
0.52

0.00179

tCO2eq /m3
0.138
5.96
1.46
0.826
0.56475

C.2.6. Petrochemicals
Source: MCTI (2010, p. 190).
Emission factors for petrochemical products
(tCO2eq t−1 )

E l = P l EF l
El , emissions from lime production, in tCO2eq ; Pl , lime production,
in tonnes; EFl , emission factor for lime production, in tCO2 t−1 .

0.07389768

ghg

E C = 25ı((M u + PM u )P u + (M s + PM s )P s )
EC , emissions from coal mining, in tCO2eq ; ı, methane’s density,
in tCH4 /m3 ; M, emission factor for mining, in m3 CH4 /t coal (u,
underground; s, surface); PM, emission factor for post-mining,
m3 CH4 /t coal (u, underground; s, surface).
• Lime (CO2 ). Source for emission factors (0.77 tCO2 for each
tCaCO3 ): IPCC (2006, p. 2.23). Source for physical output for lime
production: IBGE (2007a).

tCO2eq /m3

CH4

Ethylene
Methanol

CO2

CH4

tCO2eq /m3

1.73
0.267

0.003
0.0023

1.805
0.3245
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C.2.7. Cement
For emissions from cement production, the production of different types of cement and its clinker content were considered.
The emission from clinker production comes from the following
equation:
CaCO3 → CaO + CO2
Physical output from the cement industry was taken from IBGE
(2007a) and clinker content was taken from the upper value for
each type of cement.
Cement type

Clinker content

Emission factor

CP-I
CP-II
CP-III
CP-IV
CP-V
Not speciﬁed

1
0.94
0.65
0.85
0.95
0.95

0.52
0.4888
0.338
0.442
0.494
0.494

C.2.8. Glass
Emission factors were taken from IPCC (2006, p. 2.30) and
physical outputs from IBGE (2007a). Two types of glass were considered: ﬂoat and container. Both have the same emission factor
(0.21 tCO2 t−1 glass), but different cullet rations (0.25 and 0.60,
respectively).
E g = P g EF g CR
Eg , emissions from glass production, in tCO2eq ; Pg , glass production,
in tonnes; EFg , emission factor from glass production, in tCO2 t−1 ;
CR, cullet ratio (amount of recycled glass).
C.2.9. Other non-metallic minerals
Emissions from other non-metallic minerals were accounted
for calcium oxide and plaster. Emission factors were taken from
IPCC (2006, p. 2.22): 0.75 tCO2 t−1 for high-calcium lime and
0.59 tCO2 t−1 for hydraulic lime. Physical output was taken from
IBGE (2007a).
C.2.10. Steel and iron production
Emission factors were taken from IPCC (2006, p. 4.25 and 4.37).
Physical output from metal industry was taken from IBGE (2007a).
Emission factors for iron and ferroalloy production (tCO2 t−1 )
Pig iron production
Ferromanganese
Ferrochromium
Silicomanganese
Ferrosilicon

1.35
1.30
1.30
1.40
2.50

C.2.11. Non-ferrous metals
Emission factors were taken from IPCC (2006, p. 4.57, 4.73 and
4.80). Physical output from metal industry was taken from IBGE
(2007a).
Emission factors for non-ferrous metals (tCO2 t−1 )
Aluminium production
Lead production
Zinc production

1.6
0.25
1.72
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