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In response to global concern about recent fires, Brazil placed a 120-day moratorium
on burning in the Amazon in 2020. We assessed how the cattle sector was linked to
these fires by estimating the number of cattle properties involved with fires despite the
moratorium, and their roles in cattle supply chains. We examined the land cover prior
to the fire to identify instances of fires associated with recent deforestation. Our results
show that the cattle sector contributed disproportionately to the fires in 2020, in terms
of both the number of properties involved and the area burned. Improvements in both
supply chain policies and overall environmental governance in the Amazon are likely
needed to avoid recurrences of the catastrophic scale of fires during the 2020 season.
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INTRODUCTION

Fires are a critical environmental and social issue in the Amazon and are closely linked to cattle
ranching (Chain Reaction Research, 2020). They are commonly used in the Amazon as a low-
cost management tool in already established pastures or fields to control pests or fertilize soils
(Cammelli, 2013; Carmenta, 2013; Cammelli et al., 2020). Fires like this are an important part
of small-scale agriculture and traditional livelihoods that have depended on the use of fires for
hundreds of years (Fraser et al., 2012; Peña-Venegas et al., 2017), but they also occur on commercial
cattle producing properties with direct connections to major slaughterhouses. These fires may be
the final step of the deforestation process, in which they are set after trees have been felled and left
to dry to clear the way for new pasture or agricultural fields. Cases where deforestation precedes
burning should result in the exclusion of properties as direct suppliers to slaughterhouses that
have signed zero deforestation agreements (Gibbs et al., 2016; Skidmore et al., 2020). However,
burning pastures is not prohibited by zero-deforestation agreements although these fires carry a
substantial risk of escaping into forests or onto neighboring properties (Cano-Crespo et al., 2015;
Setzer et al., 2016). Furthermore, the use of fire to manage fields and pastures may perpetuate
low yields, environmental degradation, and trap farmers into a cycle of lower profits and risky
agricultural fire use over the long term (Cammelli et al., 2020). Additional negative impacts of
widespread fires include loss of biodiversity and increased carbon emissions (Barlow et al., 2016;
Aragão et al., 2018).

The 2020 fire season was the worst in a decade and followed on the heels of similarly elevated
rates of burning in the 2019 season, capturing the world’s attention and generating extensive media
coverage (CNN, 2020; Greenpeace, 2020; The Guardian, 2020). In response to the public outcry, the
Brazilian government instituted a 120-day moratorium on burning in the Amazon that ran from
July 16, 2020 through November 13, 2020 (Brazil, 2020). Here we analyze the actors involved with
burning during the portion of the 2020 fire season covered by the moratorium and assess the role of
the cattle sector in these fires. Many of these fires were assumed to be associated with land clearing,
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ranching, and agricultural activities, but the prevalence and scale
of involvement of different actors has not been fully explored.

We combine novel research on the location of cattle properties
and the structure of cattle supply chains with daily fire detections
to assess the distribution of fires across properties in the
Amazon. Our study focuses on fires that occurred in the period
during the moratorium on burning and covers the three most
important ranching states in the Amazon – Mato Grosso, Pará,
and Rondônia. We used property maps from CAR, INCRA,
and TerraLegal in combination with the 2019 30 m pasture
data produced by MapBiomas from their version 5.0 landcover
map (Terra Legal, 2015; INCRA, 2020; MapBiomas Project,
2020; SiCAR, 2020). We defined cattle properties as those
with > 25 ha of pasture area. Our approach identified 54%
of all properties as cattle properties, which is similar to the
estimate from IBGE (2017) that identifies 52% of rural properties
in our study region as being involved in livestock production.
We report both the area burned and the count of properties
involved in fires during the moratorium to better understand
the number and type of actors involved or affected. The number
of cattle properties involved is particularly relevant to Brazil’s
Zero Deforestation Cattle Agreements, the G4 and the TAC,
which assign sanctions at the property level for deforestation and
other forms of illegality. Fires are not specifically prohibited by
the agreements but create reputational risk for slaughterhouses
and thereby have begun to generate significant concern within
the cattle sector and among policymakers (Mighty Earth, 2019;
Chain Reaction Research, 2020).

To determine the locations of the fires, we overlaid VIIRS
375m fire detection data from the Global Fire Emissions
Database (GFED) with the map of property boundaries. Only
fire detections classified as ‘high confidence’ were used. We
considered a property to have a fire when a detection point fell
within the property boundaries, regardless of the land cover of
the fire that occurred. In our subsequent analysis of the land cover
that preceded the fire, we overlaid the fires data with the 30m
2019 PRODES land cover map and DETER deforestation alerts
to classify the land cover type (i.e., forest, recently deforested,
pre-2017 deforested, or non-forest) that the fire was located on
(Global Fire Emissions Database [GFED], 2020; TerraBrasilis,
2020; Figure 1). Specifically, we selected the land cover type of
the pixels that the fire points or polygons were located on. We
considered a fire to have occurred on recent deforestation when
that deforestation occurred in 2017 up to the start of the fire
moratorium (i.e., up to 3 years prior to the fire).

To further connect properties to the cattle sector and assess
their role in the supply chain, we linked our property maps
with the official Animal Transit Guide (Portuguese language
acronym, GTA) transactions from January 2014 through June
2020, which is the most recent data that is publicly available. The
GTA documents all cattle transactions between properties and to
slaughterhouses, but not all properties with pasture are included
in the GTA because, for example, some ranchers own several
properties but register sales from only one. We defined direct
suppliers as those properties who sold to a slaughterhouse after
January 2016, and indirect suppliers as those properties selling to
a direct supplier in the 2 years prior to a transaction for slaughter,

which could be as far back as 2014. We assessed whether these
properties appearing in the GTA had fires during the moratorium
on burning as described above and characterized the role of the
properties with fires in the supply chain in the years prior to
the moratorium. We could not track the supply chain role or
transactions after the moratorium due to lack of publicly available
GTA data during this time. We note that properties that burned
during the moratorium and the prevalence of fires on areas of
recent deforestation or other land covers may not be typical of
non-moratorium periods.

LARGE-SCALE CATTLE PROPERTIES
LINKED TO MOST FIRES

Fires occurred disproportionately on cattle properties in terms of
both area burned and number of properties involved. Of the total
burned area that occurred on properties in our study region, 87%
(3.2 Mha) was located on cattle properties (Figure 2). The role of
cattle properties in the fires was also evident when we considered
numbers of properties involved, regardless of the scale of the fire.
Cattle properties accounted for 68% of properties with fires on
any type of landcover (31,581 out of 46,740) though they only
represented 54% of properties in our study area (244,624 out of
454,866) (Figure 3).

Although most of the area burned on private properties
occurred in areas without recent deforestation (∼85%; 3,085,641
ha), such as on pastures or other land covers, cattle properties
bore most of the deforestation-related burning (Figure 2). Nearly
all (94%; 518,032 ha) of the recently deforested burned areas
within private property boundaries fell on cattle properties, which
amounted to 16.4% of the total burned area on cattle properties
(Figure 2). Only 7.4% (35,883 ha) of the burned area on non-
cattle properties fell on deforested areas (Figure 2). Over three
quarters (77%) of properties with fires linked to deforestation
were cattle properties (7,352 out of 9,549) (Figure 3).

Fires were concentrated on larger properties and most large
properties with fires were cattle properties. For example, very
large properties (those > 1,000 ha) made up only 5% of the total
properties in our study but represented 16% of the properties with
fires (7,546 out of 46,760) and 21% of the properties with fires
on areas with recent deforestation (2,032 out of 9,549) (Table 1).
Cattle properties accounted for 77% of these very large properties,
89% of the very large properties with fires, and 94% of the very
large properties with recent deforestation fires (Table 1). Cattle
properties were similarly dominant among properties <100 and
400–999 ha in size in terms of both fires in general and fires
on deforested areas, only among properties 100–399 ha did fires
fall in similar proportions on non-cattle properties as on cattle
properties (Table 1). The average cattle property in our sample
was 440 ha (±4,557 ha) and the average non-cattle property was
131 ha (±1,000 ha). Note that some fires on properties we have
classified as cattle properties in our study could have been set
for other purposes, such as creation of swiddens for agriculture
or other traditional land management strategies, which are most
frequently used by smallholders (properties smaller than ∼400 ha
in the Brazilian Amazon) (Carmenta et al., 2013).
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FIGURE 1 | Properties and burned area during the moratorium and type of land cover burned.

FIGURE 2 | Area burned and location during the fire moratorium.
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FIGURE 3 | Distribution of properties and fires by type.

TABLE 1 | Proportion of cattle vs. non-cattle properties by size.

Total <100 ha 100–400 ha 400–1000 ha >1000 ha

All properties Cattle properties 53.8% (244,624) 42.5% (133,809) 79.7% (75,168) 79.7% (17,931) 76.6% (17,716)

Non-cattle props 46.2% (210,242) 57.5% (181,103) 20.3% (19,162) 20.3% (4,563) 23.4% (5,414)

Properties with fireson recent deforestation Cattle properties 85.1% (2,506) 58.8% (265) 83.2% (636) 90.4% (498) 94.0% (1,107)

Non-cattle props 14.9% (438) 41.2% (186) 16.8% (128) 9.6% (53) 6.0% (71)

Total <100 ha 100–400 ha 400–1,000 ha (>1,000 ha

All properties Cattle properties 53.8% (244,624) 42.5% (133,809) 79.7% (75,168) 79.7% (17,931) 76.6% (17,716)

Non-cattle props 46.2% (210,242) 57.5% (181,103) 20.3% (19,162) 20.3% (4,563) 23.4% (5,414)

Properties with fires Cattle properties 67.6% (31,581) 47.5% (9,864) 79.1% (10,721) 88.5% (4,298) 88.8% (6,698)

Non-cattle props 32.4% (15,159) 52.5% (10,913) 20.9% (2,838) 11.5% (560) 11.2% (848)

Properties with fires on recent deforestation Cattle properties 70.0% (7,352) 56.2% (1,869) 82.1% (2,425) 92.2% (1,142) 94.3% (1,916)

Non-cattle properties 23.0% (2,197) 43.8% (1,457) 17.9% (527) 7.8% (97) 5.7% (116)

PROPERTIES WITH FIRES LINKED TO
MAJOR SLAUGHTERHOUSES

Properties with fires were prominent in Brazil’s commercial cattle
supply chains. Over a third of the properties with fires (37%;
17,471 out of 46,740 total properties with fires) were participants
in cattle supply chains formally documented in the GTA between
2014 and 2020, either as direct suppliers to slaughterhouses or as
indirect suppliers that sold younger cattle to the direct suppliers.
Over a quarter (26%; 5.9 million) of heads sold for slaughter
between 2016 and 2020 passed through properties with fires.
Properties with deforestation-related fires appeared among GTA
properties at a similar rate as those with fires overall (33%; 3,101
out of 9,549 properties), though these properties produced only
1.9% of the cattle slaughtered in 2016–2020 (444,132 heads).

Most burned properties in the GTA could be linked to the
major slaughterhouses that are part of the zero-deforestation
agreements (79%; 13,767 out of 17,471 total GTA properties
with fires). We identified 5,186 properties with fires that
directly supplied to zero-deforestation slaughterhouses in the
4 years prior, which represents 15% of the total number of

direct suppliers to these slaughterhouses during the same time
period. Just 721 of these properties burned an area with recent
deforestation, which amounts to 14% of the direct suppliers
with fires and 2% of the total number of direct suppliers to
these slaughterhouses. An additional 8,581 properties with fires
indirectly supplied zero-deforestation slaughterhouses by selling
cattle to their direct suppliers; 1,551 of these indirect suppliers
had a fire associated with deforestation.

Though our GTA data showing formal participation in cattle
supply chains predates the period of the fire moratorium and
our study period, many direct suppliers to major slaughterhouses
have stable, ongoing relationships with these companies (Pereira
et al., 2020). For most companies, the fires alone will not result in
exclusion from the supply chain, because the zero-deforestation
agreements do not prohibit burning. Indeed, only 18% of GTA
properties with fires had deforestation-related fires (3,101 out of
17,471 GTA properties with any fire), highlighting the need for
policies that specifically limit burning in cattle supply chains to
reduce the role of the cattle sector in fires. Even those properties
with deforestation preceding the fire, which should result in their
exclusion as direct suppliers to many major slaughterhouses, can
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continue as indirect suppliers since current implementation of
the agreements is limited to direct suppliers (Gibbs et al., 2016;
Alix-Garcia and Gibbs, 2017; Skidmore et al., 2020).

TWO-THIRDS OF BURNED AREA WAS
LOCATED ON PRIVATE PROPERTIES

In total, almost 5.7 Mha burned across our study area
during the moratorium, with 15% of this area occurring on
recently deforested land (836,840 ha) (Figures 1, 2). Most
fires occurred on private properties, and over 10% (46,740)
of properties in Mato Grosso, Pará and Rondônia had fires
during the 2020 moratorium on burning, including both cattle
properties and non-cattle properties, with 20% (9,549) of
these properties experiencing fires on recently deforested areas.
However, an extensive area outside of registered properties
was also burned, highlighting the importance of strengthening
governance that extends beyond formal supply chains and
includes all agropastoral and deforestation frontiers. Registered
property boundaries covered 50% of our study area but 36%
of all burned area (2 Mha) and 34% of the burned area
on recently deforested land (282,295 ha) fell outside of these
boundaries (Figure 2). Fires that occurred outside of registered
properties may have occurred on unclaimed lands or on
farms with informal land tenure or that have not yet been
submitted to Brazil’s Forestry or Settlement Agencies as private
properties. Cattle production is a common activity in areas
under informal or tenuous land claims, where enforcement of
environmental policies is notoriously challenging (Araujo et al.,
2009; Reydon et al., 2020).

ACTIONABLE RECOMMENDATIONS

Brazil’s cattle sector has long been the subject of scrutiny for
its role in Amazon deforestation (Mongabay, 2017). Domestic
and international pressure contributed to the implementation by
major slaughterhouses of zero-deforestation sourcing agreements
that ban transactions with suppliers with deforestation on their
properties (Mongabay, 2020). Now concerns about the scale
and environmental consequences of widespread fires in the
Amazon are increasingly posing reputational risks to many of
the same slaughterhouses (Chain Reaction Research, 2020). This
new public awareness and pressure could open the door to
the inclusion of burning prohibitions in existing supply chain
agreements or the implementation of new policies designed to
ensure that properties with fires are excluded from supply chains
(Global Canopy, 2021).

The zero-deforestation cattle agreements could serve as a
useful model for reducing the incidence of fires since so many
fires are linked to cattle production. Indeed, the cattle agreements
have already reduced the number of direct suppliers to signatory
slaughterhouses with deforestation and contributed to rapid rates
of CAR registration (Gibbs et al., 2016; Skidmore et al., 2020),
and have served as part of an overall improvement in property-
level enforcement of environmental policies (Börner et al., 2015).
However, not all slaughterhouses have signed the agreements,

not all slaughterhouses monitor effectively (OECO, 2019; Global
Witness, 2020), and the requirements in the agreements are
not yet implemented for indirect suppliers (Walker et al.,
2013; Gibbs et al., 2016; Skidmore et al., 2020; Zu Ermgassen
et al., 2020), which creates ample opportunities for laundering
and leakage and has at least partially washed out any overall
reductions in deforestation from the agreements (Alix-Garcia
and Gibbs, 2017). Fully implementing the current agreements
across all slaughterhouses could help address these challenges and
substantially reduce those fires related to deforestation by greatly
limiting the economic options for the use of newly cleared areas
and, thus, the potential payoffs from deforestation.

Additionally, because fires on pasture lands have the highest
risk to escape the planned burn area and burn out of control
into forested areas (Setzer et al., 2016), a permanent extension
of significant restrictions on most large-scale burning in the
Amazon, including for clearing pastures, could directly reduce
the incidences of fires that may escape pastures and move into
forests (Cano-Crespo et al., 2015). Fires can now be detected in
real time with existing satellite monitoring technology (Global
Fire Emissions Database [GFED], 2020), so slaughterhouses
would also be well poised to exclude those properties with large-
scale fires if existing supply chain agreements were updated
or new ones were implemented. For example, expanded legal
restrictions on burning could also lead to inclusion of restrictions
on burning in the TAC agreements (the public policy portion of
the zero-deforestation agreements), which already require legal
compliance with other social and environmental policies.

Along with any expanded restrictions on burning, the
personnel and financial resources necessary for effective
enforcement would need to be allotted to responsible agencies
like Ibama, as well as to Embrapa, state extension agencies, and
to rural credit programs to ensure that effective alternatives to
burning for land management are widely available to ranchers
and other Amazon land users (Pereira et al., 2020; Pivello et al.,
2021). Indeed, smallholders practicing swidden agriculture are
particularly vulnerable to both the negative consequences of
fires and to the negative consequences of restrictions on fires
(Carmenta et al., 2019). Thus, the reduction of barriers to
alternative practices, including improvements to the availability
of rural financing and increases in access to appropriate
technologies for local conditions, as well as the expansion
of resources for controlling fires available to farmers, would
simultaneously benefit land users and improve environmental
outcomes (Cammelli et al., 2020).

CONCLUSION

In spite of a moratorium on burning that covered the most critical
months, the 2020 fire season was one of the worst of the last
decade. Fires disproportionately occurred on cattle properties,
including those that supply major slaughterhouses in the region.
Identifying suppliers that contributed to these fires should be
a priority for Brazil’s cattle sector as it continues to increase its
foothold in international markets (Globo, 2021) and improve its
reputation regarding environmental issues.
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