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4 Geospatial analysis of soy expansion in the cerrado biome

The objective of this geospatial analysis of soy expansion in the Cerra-
do Biome is to depic’r, using satellite images, the dynomics of land use change
associated with soy production. This initiative has been ongoing since 2015
and this is an important updo’re as it comp|e’res two decades of assessments.
During this time soy has increased its produc’rion ared by opproximo’re|y
170%, going from 7.5 million hectares in 2000/01 to 20.00 million hectares
in 2020/21, representing almost 10% of the Biome's territory and 52% of
Brazil's current soy area. The average rate of growth from 2001 to 2021
was 624,000 hectares per year; however, the soy market's favourable condi-
tions in 2020 accelerated expansion in the 2020/21 crop year, increasing the
area by 117 million hectares (85% above the average rate). In terms of the
dynamics of change in land use, the Cerrado Biome includes the Matopiba
region - Brazil's most recent agricultural frontier, encompassing the states
of Maranh&o, Tocantins, Piaui and Bahia - which differs from the remai-
ning Cerrado states, called Other States in this s’rudy, which have a greater
degree of consolidation. In Matopiba, the soy area went from 0.97 million
hectares in 2000/01 to 4.72 million hectares in 2020/21, an almost fivefold
increase Jrokmg this region’s share in the Cerrado’s soy area from 13% to 24%.
In Other States, the soy area went from 6.56 million hectares in 2000/01 to
15.28 million hectares in 2020/21, an increase of 2.3 times representing 76%
of the Cerrado’s soy area.



Geospatial analysis of soy expansion in the cerrado biome

Deforestation rates in the Cerrado, which were about three million
hectares per year at the beginning of this millennium, have remained relati-
vely stable over the past five years with an annual deforestation of approxi-
mately 700,000 hectares, or almost four times lower. Conversion of native
vegetation to soy has followed the same trend, but with a marked difference
between the Matopiba and Other States regions. At the beginning of the
millennium, Other States was responsible for two-thirds of the deforestation,
whereas it now contributes only one-third; consequently, Matopiba is cur-
rently responsibly for two-thirds of the total recent deforestation.

Of the total soy area in the Cerrado, 4.19 million hectares (144%) was
grown on land deforested after the year 2000. This means that 79.0% of the
Cerrado’s soy area in the 2020/21 crop year - equivalent to 15.81 million hec-
tares - was free of deforestation occurring after 2001. Considering only the
deforestation that occurred after 22nd July 2008, the date in the 2012 Forest
Code that defines consolidated areas, 147 million hectares (13.4% of the total
post-2008 deforestation) have been converted to soy, of which 1.18 million
hectares are in Matopiba (25.1% of the soy in this region) and 282,000 hec-
tares are in Other States (1.8% of the soy in this region). In other words, the
dynamics of soy expansion onto post-2008 deforested land differs greatly
between the two regions.

A detailed analysis of the dynamics of land use change and land cover
associated with the 440 million hectares of soy expansion between 2013/14
and 2020/21 shows that the expansion is due both to the incorporation of
new areas from conversion of native vegetation or the intensification of land
use from conversion of pastures, and to agricultural management practices
with agricultural crop rotation and fallow land. In Other States, 148 million
hectares expanded onto pastures (intensification) and 0.12 million hectares
expanded onto deforested land; in Matopiba, only 0.26 million hectares ex-
panded onto pastures, while 0.50 million hectares expanded onto deforested
land. In the two regions, a significant part of soy expansion in the 2013/14
crop year was onto fallow land.

The analyses made in this study show that the soy expansion trend in
the Cerrado continues and has even accelerated during the last crop year.
Soy expansion with conversion of native vegetation, in the most recent period,
is almost residual in Other States, but persists in Matopiba although at ever
lower rates.
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Dynamics of Soy Expansion
e in the Cerrado Biome

Brazil is divided into six biomes, each with a typical phyfophysiognomy, one of which is
the Cerrado Biome. Soy production in Brazil historically started in southern Brazil, in the Atlan-
tic Forest Biome, and has gathered prominence in the Cerrado Biome since the 1980s, with the
deve|opmen’r of new ’rechno|ogies that allow soy to be grown in areas previous|y disregorded.
The Cerrado Biome covers about 25% of Brazil's territory, with a little over 50% of its native
vegetation preserved. Currently 52% of Brazil's soy area is in the Cerrado Biome, where the Ma-
topiba region' (Figure 1) merits a highlight as Brazil's newest agricultural frontier and where soy
expansion with conversion of native vegetation is still relevant. In the Cerrado’s more consolida-
ted region, called Other States? in this study (Figure 1), there is a large stock of open land with
ogricu|’ruro| suitability for soy and ample opportunities for soy expansion Through intensification
of land use, as has been observed.

E Not in the Cerrado Biome
Cerrado Biome - MATOPIBA

Cerrado Biome - Others States

Figure 1. Map of Brazil highlighting the “Other States” and "Matopiba” regions of the Cerrado Biome.

1. Matopiba is a region formed by the states of Maranhdo (MA), Tocantins (TO) Piaui (Pl) and Bahia (BA), essentially the parts located within
the Cerrado Biome and the transitions to the Amazon Biome, where there has been an intense transformation of the landscape caused by the
expansion in high-‘rech annual ogricuHure, The small portion of Mcﬁopibo located in the Amazon Biome is not part of this s‘rudy.

2. Other States is a region formed by part of the states of Mato Grosso (MT), Goids (GO), Minas Gerais (MG), Mato Grosso do Sul (MS),
S&o Paulo (SP), Parand (PR) and the Federal District (DF).
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1.1 Evolution of the soy area

The 2020/21 crop year completes two decades of detailed analyses, by Agrosatélite, of
the dynamics of soy expansion in the Cerrado Biome using images acquired from satellites®.
Through these images, it was possib|e not on|y to assess the groduo| increase in the Cerrado’s
soy area but also to detail the transitions that occurred in terms of land use chomges over the last
two decades. This period coincides with greater environmental awareness for the preservatfion of
natural resources by seeking alternatives to the c|e0ring of new areas, such as better utilisation
of land o|reao|y cleared and new ’rechno|ogies fo increase produc’rivify. However, preservationist
oppeo|s face growing opportunities for increasing food produc’rion, both for the domestic market
and for exports that sTrong|y boost Brazilian ogribusiness.

Objec’rive information on the spa’rio| distribution of SOy Crops and their association with
the recent conversion of native vegetation, in addition to the |<now|eo|ge of land stocks suitable
for soy production, provide key elements for seeking a balance between environmental preserva-
tion and increased soy produc’rion. In this sense, satellite images not on|y show what has hoppe—
ned in the region as a result of soy produc’rion, but also make it possib|e fo |o|cm land use for the
sustainable development of agriculture.

This s’rudy infegrates the results of Agroso’réh’re's previous studies which mapped soy pro-
duction in the Cerrado Biome for the crop years 2000/01, 2006/07, 2013/14, 2016/17, 2018/19
and 2019/20, supported by GBMF (Gordon and Betty Moore Foundation), GTC/TNC (Cerrado
Working Group and The Nature Conservancy) and ABIOVE (Brazilian Association of Vegetable
Oil Industries)?, including an updated map for the 2020/21 crop year. These mappings made it
possib|e to obtain the spo’rio| distribution of the crops, as well as estimates of p|om’reo| areas, at
the level of the rural property, Hﬁrough municipohﬂes and states, up to the Biome as a whole®.

The onc1|ysis of this historical mapping sequence aims to broaden unders’ronding of the
recent soy expansion in the Cerrado Biome, especio”y in the Mo’ropibo region, Brazil's new agri-
cultural frontier, where expansion ’rhrough conversion of native vegetation is more evident than in
the Other States region, where expansion is |orge|y due to intensified land use that has o|reody
been cleared for some time and is suitable for soy crops.

Figures 2 to 8 show the Cerrado soy maps in seven crop years (2000/01, 2006/07,
2013/14, 2016/17, 2018/19, 2019/20 and 2020/21). Four areas of each map have been featured to
highhgh’r the less consolidated regions where soy producﬂon has become more relevant, starting

3. The images used in this s‘rudy were acquired from the Landsat and Sentinel-2 satellites in visible, near and mid infrared wove\engﬂws of the
electromagnetic spectrum, with spatial resolution between 10 and 30 metres (*100 to 10 pixels per hectare). The joint operation of these satellites
allows the same location to be revisited in intervals of two to five doys, which favours obfoming cloud-free images durmg the period propitious
for identifying soy crops. Approximately 3,000 images were available to accurately identify the soy fields in the Cerrado Biome in the 2020/21
crop year fhrough visual image interpretation fechmques. The starting point was the 2019/20 soy crop map. The visual interpretation procedures
also considered the analysis of the temporal series of images obtained by the MODIS sensor, transformed into the EVI (Enhanced Vegetation
Index) in the form of 16-day temporal compositions through consultations with the web application of EMBRAPA's SatVeg project (www.satveg.
cnptia.embrapa.br). The following RGB colour compositions of the images were used: 4-5-3 bands for the ETM+ sensor/Landsat-7; 5-6-4 bands
for the OLI sensor/Landsat-8; and 8a-11-4 bands for the MSI sensor/Sentinel-2. It should be noted that the soy mapping of the 2016/17 crop
by Agrosatélite was validated by a third party (University of Maryland), based on data obtained in the field, which determined the mapping’s
overall accuracy at 98.4%.

4. Reports are available for pub|ic consultation on h‘rfps://agroso‘re|i‘re.com.br/coses/#exponsc:o-c:grico|o.

5. The Cerrado Biome boundaries used in this study are those used by the IBGE (Brazilian Institute of Geography and Statistics) on a scale of
1:5,000,000 (https://www.ibge.gov.br/geociencias/informacoes-ambientais/15842-biomas.html).
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in the year 2000. The first area highlighted is the Paranatinga/MT municipality, where the soy
area in the Cerrado Biome went from 32,419 hectares in 2006/07 to 155,745 hectares in 2013/14,
an almost fivefold increase in seven years. From 2013/14 to 2019/20, growth slowed and the
average annual increase was 3,950 hectares. However, in the most recent crop year, the increase
in Paranatinga’s p|on’red area was 20,146 hectares, or five times greater than that observed in
the 2013/14-2019/20 period. The regions around Balsas in Maranh&o state and Baixa Grande
do Ribeiro in Piaui state (both in the second high|igh’red area), as well as the regions around
Barreiras in Bahia state (third highlighted area) and around Porto Nacional in Tocantins state
(fourth highhghfed area), all of which are in the Mo‘ropibo region, also stand out due to the
infense expansion of SOy Crops, whose area grew four to five times over the last two decades.
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Figure 2. Map of soy production in the Cerrado for the 2000/01 crop year, highlighting regions showing significant
expansion in soy crops.
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Figure 3. Map of soy production in the Cerrado for the 2006/07 crop year, highlighting regions showing significant

expansion in soy crops.
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Figure 4. Map of soy production in the Cerrado for the 2013/14 crop year, highlighting regions showing significant
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Figure 5. Map of soy production in the Cerrado for the 2016/17 crop year, highlighting regions showing significant
expansion in soy crops.
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Figure 6. Map of soy production in the Cerrado for the 2018/19 crop year, highlighting regions showing significant
expansion in soy crops.
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Figure 7. Map of soy production in the Cerrado for the 2019/20 crop year, highlighting regions showing significant

expansion in soy crops.
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Table 1 shows the soy areds in the Cerrado Biome, by state and for the Other States and

MoTopibo regions, obtained from satellite images for the same seven years shown in Figures

2 to 8.

States

DF
GO
MG
MS
MT
PR
SP
RO

Other
States

MA
TO
Pl
BA

MATOPIBA

TOTAL

2000/01
ha
39,862

1,678,199
683,194
694,317

3,019,902
50,909
389,653
@)

6,556,036

221,542
76,905
57,71
614,069
970,227
7,526,263

2006/07
ha

55,101
2,323,737
803,508
959,161
3,982,035
64,819
249,462
@)

8,430,823

434,510
256,767
293,587
771,528
1,686,393
10,117,215

2013/14
ha

80,211
3,472,889
1,267,109
1,375,051
5,524,610
70,952
402,992
@)

12,193,814

680,550
675,835
617,219
1,433,741
3,407,345
15,601,159

2016/17
ha

88,572
3,644,519
1,531,541
1,652,907
5,630,600
79,499
496,43]
43]

13,124,500

748,482
914,009
653,575
1,627,567
3,943,233
17,067,733

2018/19
ha

93,496
3,954,379
1,778,323
1,848,181
5,636,978
91,831
618,544
489

14,022,214

816,521
1,018,243
718,504
1,629,217
4,182,285
18,204,499

2019/20 2020/21
ha ha

85,447 84,867
4,106,060 4,379,545
1,789,656 1,953,439
2,020,460 2,166,916
5,780,725 5,883,555
94,539 96,070
646,924 719,162
453 476
14,524,257 15,284,031
831,502 902,364
1,089,381 1,171,582
718,562 799,638
1,669,201 1,843,368
4,308,446 4,716,951

18,832,703 20,000,982

Table 1. Soy area in the Cerrado Biome in hectares, by state and for the Other States and Matopiba regions, for
the crop years 2000/01, 2006/07, 2013/14, 2016/17, 2018/19, 2019/20 and 2020/21.

Over the last two decades, the soy area in the Cerrado Biome has gone from 7.53 million
hectares in 2000/01 to 20.00 million hectares in 2020/21, an increase of 1247 million hectares
(170%) at an annual rate of 624,000 hectares, of which 436,000 hectares were in Other States
and 188,000 hectares were in Matopiba. The soy area in Matopiba went from 0.97 million hec-
tares in 2000/01 to 472 million hectares in 2020/21, corresponding to an almost fivefold incre-
ase and taking this region’s share in Cerrado soy area from 13% to 24%. Currently, the Cerrado

Biome has 52% of Brazil's soy area® Figure 9 illustrates, in graphic form, the soy area in Other

States and in Matopiba (Table 1), including the annual expansion rates in each period shown.

6. CONAB (National Supply Company). Acompanhamento da safra brasileira de gréios, v.8- Safra 2020/21, n11 - Décimo primeiro levanta-

mento, Brasilia, p. 1-108, August 2021.
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Figure 9. Evolution of soy area in Other States and in Matopiba for crop years from 2000/01 to 2020/21, and
annual rates of increase in the soy area for the six periods analysed: 2000/01 to 2006/07; 2006/07 to 2013/14;
2013/14 to 2016/17; 2016/17 to 2018/19; 2018/19 to 2019/20; and 2019/20 to 2020/21.

Table 2 shows the percentage variation in soy area for the 2020/21 crop year, compared
to the previous crop year. The favourable soy prices in 2020 led to an accelerated expansion in
the last crop year, causing an increase in the Cerrado’s soy area of 6.2% (117 million hectares).
Of this increase, 52% (760,000 hectares) were in Other States and 9.5% (408,000 hectares)
were in Mo‘ropiba. These values are well above the average annual groerh rate observed in
the Cerrado Biome (625,000 hectares), in Other States (437,000 hectares) and in Matopiba
(187,000 hectares). For the Cerrado Biome, the increase in the soy area in the last year was 85%
above the average annual rate of the last 20 years.

It is worth noting that Agrosc’réhfe's team of image ono|ys‘rs had an enormous collection
of satellite images at ifs disposo|, thus enob|ing a careful ono|ysis to iden’rify correc’r|y and to
map precisely the soy area in the 2020/21 crop year. The estimated soy area determined by this
mapping shows values higher than those pub|isheo| by CONAB for those states with prac’rico”y
all the soy area within the Cerrado Biome. For exomp|e, AgrosoTéh‘re's estimate for the states
of Goids and Bahia were, respectively, 686,000 hectares and 142,000 hectares higher than CO-
NAB's estimate. A field work carried out by Agrosatélite in Goids state to assess the soy map
quo|i’ry and no inconsistencies were found that would jus‘rify a revision of the map. With appro-
ximo’re|y 700 somp|es of land use collected in the field in Goids, the overall mapping accuracy
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was 98.3% for this state. Therefore, Agrosoféme is confident that its estimates of the soy area in
the Cerrado Biome, as presented in this report, faithfully represent the soy area for the 2020/21
crop year. It should be emphasised that the map for the 2016/17 crop year, prepared by Agro-
satélite using the same methodology as the 2020/21 map, underwent a validation process by a
third party (University of Maryland), which indicated the overall mapping accuracy at 98.4% for
the Cerrado Biome.

States 2019/20 2020/21 Var. %
(a) (b) (b*100/a)-100

DF 85,447 84,867 07
GO 4,106,060 4,379,545 6.7
MG 1,789,656 1,953,439 9.9
MS 2,020,460 2,166,915 72
MT 5,780,725 5,883,555 1.8
PR 94,532 96,070 1.6
SP 646,924 719,162 1.2
RO 453 476 51
Other States 14,524,257 15,284,031 5.2
MA 831,302 902,364 8.5
TO 1,089,381 1,171,582 7.5
PI 718,562 799,638 n.3
BA 1,669,201 1,843,368 104
MATOPIBA 4,308,446 4,716,951 95
TOTAL 18,832,703 20,000,982 6.2

Table 2. Variation in soy areq, in hectares and as a percentage of the Cerrado Biome, by state and for the Other
States and Matopiba regions, comparing the 2019/20 and 2020/21 crop years.
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e Deforestation in the Cerrado

Figure 10 shows the Cerrado Biome's deforestation rates estimated by PRODES-Cerrado
from 2001 to 2020. The annual deforestation rates, which were approximately three million hec-
tares per year at the start of this millennium, have, over the last five years, fallen to less than one-
-quarter of that amount, to 0.7 million hectares onnuo“y. The reduction was more accentuated
in the Other States region, which, at the beginning of the millennium, accounted for two-thirds
of the Biome's deforestation. This situation has been reversed and Matopiba now accounts for
two-thirds of the deforestation, even ’rhough it represents just one-third of the Cerrado’s territory.
Figure 10 also shows the Cerrado Biome's total deforestation from 2001 to 2020 (29.13 million
hectares), as well as the deforestation in the three periods analysed in this study: Period 1 (2001-
2006) with 1540 million hectares; Period 2 (2007-2013) with 802 million hectares and Period 3
(2014-2020) with 5.71 million hectares.
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Figure 10. Annual deforestation rates in the Cerrado Biome from 2001 to 2020 (2913 million hectars) in each of
the three periods analysed in this study, highlighting annual deforestation converted to soy based on the 2020/21

crop year.
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2.1 Deforested areas converted to soy

Of the total area deforested in the Cerrado Biome from 2001 to 2020 (29.13 million
hectares, Figure 10), soy occupied 4.19 million hectares in the 2020/21 crop year. These numbers
show that 144% of the deforestation over the last twenty years was converted to SOy, either di-
rectly or indirectly. In other words, 85.6% of the deforested area was not converted to soy but
destined for other land uses. This means, Therefore, that 79.0% of the Cerrado’s soy area in the
2020/21 crop year - equivalent to 15.81 million hectares - is free from deforestations after 2001.

Considering only the deforestation that occurred after 22nd July 2008, the date that
defines consolidated areas in accordance with the 2012 Forest Code, the deforested area in the
Cerrado Biome was 10.92 million hectares, of which 147 million hectares (134%) were directly or
indirectly converted to soy (86.6% are free from deforestation after 2008). Of this amount 118
million hectares are in Matopiba, corresponding to 25.1% of this region’s soy area (74.9% are free
from deforestation after 2008), while 0.28 million hectares are in Other States, corresponding
to 1.8% of the soy planted in this region (98.2% are free from deforestation after 2008). As can
be seen, the dynamics of soy expansion into post-2008 deforestation differs widely between the

fwo regions.
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Land Use and Land Cover
e Change Attributed to Soy

The land use and land cover chonge caused by soy expansion in the Cerrado Biome was
ono|yseo| based on the fo||owing classification: 1) land cover chonge from native vegetation fo
soy, called expansion with deforestation’ in this s’rudy; 2) land use chonge fo soy, called expan-
sion without deforestation® in this s’rudy; and 3) retraction areas’, land where soy had been grown
but was subsequenﬂy chonged to other uses, either ’remporori|y or permonenﬂy.

This classification considers both the ovoi|obi|i+y of soy maps in specific crop years, in
accordance with Agrosoféhfe's previous studies (Footnote 2), and the number of years in each
period ono|yseo|. The main focus of this ono|ysis is to assess the trend of SOy expansion with
deforestation over time. The scope of each period ono|yseo| should therefore be |ong enough
fo effec‘rive|y capture the land use and land cover chonges caused by soy expansion, and short
enough fo portray variations and trends in the pattern of land use and land cover chonges over
the tfwenty crop years ono|yseo|.

The analysis of soy expansion with deforestation in 2020/21 was carried out through a
simple intersection with the databases of the PRODES-Cerrado deforestation maps'®, adopting
the procedure reported by Agrosatélite (2018)".

3.1 Soy expansion with and without deforestation

To get a better idea of soy’s direct contribution to deforestation since 2001, the analysis
of soy expansion with deforestation was divided into three periods as follows: First Period with
six crop years; Second Period with seven crop years and Third Period with seven crop years, as
shown in Figure 10. The definition of these periods also took into consideration the availability
of soy maps in specific years (2000/01 to 2006/07, 2006/07 to 2013/14, and 2013/14 to 2020/2],
following the methodology used in Agrosatélite’'s previous studies (2015)™. This three-part analy-
sis shows the changing trend in native vegetation conversion rates to soy over time.

7. Expansion with deforestation corresponds to land cover chcmge caused by deforestation of native vegetation land (regorc”ess of the phytophy-
siognomy) at the start of each period, and converted to soy within the same period.

8. Expansion without deforestation corresponds to land use chonge caused by soy expansion into areas with other uses at the start of each period,
and converted to soy by the end of the same period. For example, a pasture converted to soy corresponds to an intensification of land use, a
situation which occurs frequenﬂy in Other States where many pastures have ogricu|‘ruro| sui‘robihfy for soy producfion. Exomp\es of other uses
at the beginning of each period are: a) rotation with annual crops (e.g., cotton and firsf-crop maize); b) fallow areas; and <) sugarcane fields
in the process of renewal or conversion to soy.

9. Retraction areas are those which had soy at the start of each period but which had changed to other uses by the end of that period, Exam-
ples are: a) rotation with other annual crops (e.g,, cotton and first-crop maize); b) fallow areas; c¢) renewed sugarcane fields that rotated with
soy; and d) areas that effectively ceased to be planted with soy fhrough abandonment or a chonge in its use, such as that which occurred in
the first decade of this millennium with the |orge-sco|e expansion of sugarcane in Brazil's Centre-South region (h‘r‘rps://www.mdpi,com/QO7Q-
4999/2/1/290).

10. PRODES annually maps deforestation occurring in the period from August of the previous year to July of the current year. PRODES-14, for
example, maps deforestation in the period from August 2013 to July 2014.

11. Report available for pub|ic consultation on hf‘rps://ogrosofe|ife,com.br/coses/#expansao-agr\'cob.

12. Report available for public consultation on hf’rps://ogrosofe|ife.com.br/coses/#exponsoo—ogrico|cl.
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Total deforestation converted into soy for the three periods (Figure 11) is 3.25 million
hectares, which implies that 77.6% of the area deforested after 2001 and converted to soy (4.19
million hectares, Figure 10) was accounted for in the fractionated analysis, thus indicating that
the number of years in each period adequately represents the time involved in the process of
converting deforested land into SOy Crops. Deforestation that passes through transitional land
uses (pastures, for example) takes longer to be converted into soy and is accounted for as ex-
pansion without deforestation.

By analysing the three periods presented in Figure 11, one can observe that the percentual
of soy expansion with deforestation in the Cerrado Biome has been falling. Even in Matopi-
ba, where soy expansion with deforestation was signi]cicgmL in the first two periods (39.6% from
2000/01 to 2006/07, and 33.0% from 2006/07 to 2013/14, Figure 11), there was a pronounced
drop in the period from 2013/14 to 2020/21 (10.5%, Figure 11).

2000/01 - 2006/07 2006/07 - 2013/14 2013/14 - 2020/21
1,343,831 ha 617,544 ha
1,292,331 ha 86% 31%
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6,227,017 ha

5,964,823 ha 311%

3,566,518 ha
35.2%
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States
12,193,814 ha

States
15,284,031 ha
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8,430,823 ha

4,740,681 ha

4,942,972 ha 310%

40.5%

3,150,270 ha
37.3%

668184 ha 123,854 ha 496,954 ha
39.6% 20.0% 10.5%
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4,716,951 ha
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3,407,345 ha
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1,686,393 ha 1,260,939 ha

357.0%

1,022,551 ha
30.0%
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31.5%
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[ | Soy onto Soy [ | Expansion with Deforestation [ | Expansion without Deforestation

Figure 11. Soy expansion with and without deforestation in the Cerrado Biome, Other States and Matopiba in three
periods: 2000/01 to 2006/07; 2006/07 to 2013/14; 2013/14 to 2020/21.

Note: Soybecms onto soybeons is the total area of soybeons (inside of the circle) that remains as soybeons in the fo||owing Eeriod. The difference
between the total area of soybeans and soybeans onto soybeans for the following period is the area that is no longer soybeans (retraction; see
grey bars in Figure 13 or Figure 16).
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While Figure 11 shows the soy expansion with and without deforestation in each of the
analysed periods, Figure 12 shows the total deforested area in the Cerrado Biome from 2014
to 2020 and that part of this area with soy in crop year 2020/21. In this period, during which
deforestation rates fell in comparison with the two prior periods, the Cerrado’s native vegetation
conversion to soy also fell (617,000 hectares, or 10.6%, Figure 12b). In Other States, the defo-
rested area was 2.24 million hectares, with 121,000 hectares (54%, Figure 12c) converted to soy.
Matopiba had a deforested area of 3.57 million hectares, of which 497,000 hectares (13.9%, Fi-
gure 12d) were converted to soy. It should be noted that part of the deforestation that occurred
between 2014 and 2020 could still be converted to soy in future years, increasing the soy area
on more recenﬂy deforested land.

Of the states in the Matopiba region, Tocantins had the largest area of soy with defores-
tation in the period 2014-2020 (147,000 hectares), followed by Maranhao (130,000 hectares),
Bahia (118,000 hectares) and Piaui (101,000 hectares), as illustrated in Figure 12a. Tocantins
also led total deforestation in this same period, with 1.33 million hectares, followed by Maranhéo
with 110 million hectares deforested (Figure 12a). In Other States, the largest soy area with de-
forestation was in Mato Grosso (55,000 hectares), followed by Goids (35000 hectares). These
two states together represent 74.3% of the soy area with deforestation in this region (Figure 12a).
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- Deforestation from 2014 to 2020 not converted to soy in the period 2013/14 to 2020/21
- Deforestation from 2014 to 2020 converted to soy in the period 2013/14 to 2020/21
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Figure 12. Deforested area in the 2014-2020 period (PRODES-Cerrado/INPE), with and without conversion to soy,
based on the 2020/21 crop year for: a) that part of the states within the Cerrado; b) Cerrado Biome; c¢) Other
States; and d) Matopiba.
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3.2 Land use and land cover change from 2000/01 to 2020/21

Figure 13 shows the results of the dynamics of land use and land cover chonge in the
soy expansion and retraction process in Other States and Mo’ropibo, both for the seven crop
years from 2013/14 to 2020/21 (results of this study) and for the two previous periods - six crop
years from 2000/01 to 2006/07 and seven crop years from2006/07 to 2013/14 (Agrosatélite,

2015; 2018)™.

The relative presence of soy in Matopiba is significantly less than in Other States, but it
has been growing over time. As exp|oineo| earlier (ltem 1.1), this region’s share in the area de-
dicated to soy production in the Cerrado Biome went from 13% in 2000/01 to 24% in 2020/21.
Despite this grow’rh, the average ratfe of native vegetfation conversion to soy, which reached
161,000 hectares/year between 2006/07 and 2013/14, fell to 71,000 hectares/year in the most
recent period (2013/14 to 2020/21). In Other States the average rate of native vegetation con-
version to soy has been groduo”y fo||ing and reached 17,000 hec’rores/yeor in the most recent

period (Figure 13).
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Figure 13. Land use and land cover changes during soy expansion and retraction in Other States and Matopiba
in Period 1 (2000/01-2006/07), Period 2 (2006/07-2013/14) and Period 3 (2013/14-2020/21). The numbers shown

below the bars of expansion with deforestation are the annual rates of native vegetation conversion to soy.

13. Reports available for pub|ic consultation on hffps://agrosa‘re|i‘re,com.br/cqses/#expcnnsco-ogrico|o.
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3.3 Breakdown of the dynamics of expansion
and retraction | 2013/14 to 2020/21

Figures 14 and 15 highlight two distinct areas in terms of the dynamics of soy expansion
in the Cerrado Biome, i||us+ro+ing the spo’rio| distribution of the soy aread and SOy expansion with
and without deforestation, as well as those areas that had retractions in the period from 2013/14
to 2020/21°. In these figures, blue areas without hatching represent soy expansion onto pastures,
fallow land or other uses; blue areas with cross—hoTching represent expansion onto firs’r—crop of
maize or cotton, or sugarcane. Former soy areas (retraction) are shown in grey without hatching
when ’r|’1ey were converted to fallow land or other uses, while grey with cross—hcfching represents
crop rotation with firs’r—crop of maize or cotton, or sugarcane.

From 2013/14 to 2020/21, soy’s net expansion was 440 million hectares. Total expansion
was |'1ig|'1er (6.85 million hectares) due to the dynomics of soy producfion, as part of the area
may rotate to other ogricu|’ruro| crops (firs’r—crop of maize or cotton, or sugarcane renewal) or
become fallow land (Footnote 9, Figures 14 and 15). In the same way, aredas previous|y used
for firsT—crop of maize or cotton, sugarcane or fallow land can revert to SOy Crops. Therefore,
the dynomics of soy expansion consist of incorporating intfo the produc’rion system those areas
resu|’ring from native vegetation conversion or from intensification of land use Through conversion
of pastures, as well as the ogricu|’ruro| management practice of rotating ogricu|’ruro| crops and
fallow land.

[ soja em 2013/14 € 2020/21
- Exp. em desmatamento

- Exp. em pastagem, pousio ou outros
- Exp. em milho, algoddo ou cana
- Retr. com pousio ou outros

- Retr. com milho, algod3o ou cana

Figure 14. Soy territorial dynamics from 2013/14 to 2020/21 in the central region of Mato Grosso do Sul state, near
the state capital Campo Grande, which concentrates a large extension of pastures with high agricultural suitability
for soy and which, in recent years, has been experiencing a growing conversion of these areas into soy. This, in re-
cent years, has made Mato Grosso do Sul the second-largest area of soy expansion in the Cerrado Biome, together
with Goids state.

14. To quantify soy expansion-retraction dynamics, satellite images were used to assess the soy area in the 2020/21 crop year that expanded
without deforestation in 2013/14, separating them into: a) agricultural crops (first-crop of maize or cotton and sugarcane); b) fallow land and
other uses; and ¢) pastures (Areas de Pastagens do Brasil, 2014, LAPIG database/MapBiomas). Still using satellite images, the retraction in soy
area in the 2013/14 crop year was due to crop rotation that converted soy area into other uses in that year.
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[ soja em 2013/14 € 2020/21

- Exp. em desmatamento

- Exp. em pastagem, pousio ou outros
- Exp. em milho, algoddo ou cana

- Retr. com pousio ou outros

- Retr. com milho, algoddo ou cana

Figure 15. Soy territorial dynamics from 2013/14 to 2020/21 in southern Maranh&o and Piauf states. This region is
located in Brazil's most recent agricultural frontier, where expansion with deforestation in the Cerrado Biome is most
present and where first-crop of maize or cotton are rotated with soy.

The result of this ono|ysis breakdown is shown in Figure 16, which illustrates the transitions
in land use and land cover associated with soy dynomics in Other States and in Mofopiboi

In Other States, net expansion in soy area was 3.08 million hectares, representing 70.0%
of the soy expansion in the Cerrado Biome for this period. Total SOy expansion can be broken
down as follows:

+ 198 million hectares expanded onto fallow land;

+ 148 million hectares expanded onto pastures (intensification);

+ 129 million hectares expgnded onto annual crops (Firs’r—crop of maize or cotton
and sugarcane);

+ 0.12 million hectares expanded onto deforested land.

In addition, soy retraction totalled 1.77 million hectares, as part of the soy fields in 2013/14
were turned into fallow land (111 million hectares) or p|on’reo| with first crop of maize or cotton
or sugarcane (0.66 million hectares) in 2020/21 (Figure 16, Other States).

In Ma’ropibo, the net expansion in soy area was 1.32 million hectares, representing 30.0%
of the soy expansion in the Cerrado Biome for this period. Total SOy expansion can be broken
down as follows:

« 0.69 million hectares expanded onto fallow land;

+ 0.26 million hectares exponded onto pastures (intensification);

+ 0.53 million hectares expanded onto annual crops (first-crop of maize or cotton
and sugarcane);

+ 0.50 million hectares expanded onto deforested land.

In addition, soy refraction totalled 0.67 million hectares, as part of the SOy crops in
2013/14 were turned into fallow land (0.21 million hectares) or planted with first crop of maize
or cotton or sugarcane (046 million hectares) in 2020/21 (Figure 16, Matopiba).

| M
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In both regions, a significonT part of the soy expansion was onto land that was fallow in
the 2013/14 crop year. Expansion onto annual crops is partly due to soy's rotation with first-crop
of maize - a practice that is still very common, especially in some regions of Goids and Minas
Gerais states - or to sugarcane renewal rotating with soy or even to converting sugarcane fields
infto soy fields as these have a higher profitability (Canasat Project/Agrosatélite)™. Another point
related to crop rotation in recent years is the substitution cotton fields to soy fields in a good part
of Mato Grosso state. In the Other States region, expansion onto pastures is more evident due
to the considerable stock of pastures with agricultural suitability. In Matopiba, Brazil's newest
agricultural frontier where agricultural consolidation is still in full swing and where cleared land
with agricultural suitability is relatively scarce, the soy with conversion of native vegetation ac-
counted for 10.5% (0.50 million hectares) of the soy area, compared to 0.8% (0.12 million hec-
tares) in Other States, which is more consolidated with ample stocks of anthropised land with
agricultural suitability for soy.

The contribution of pastures conversion to soy was more relevant in Other States (148
million hectares) than in Matopiba (0.26 million hectares) with a total of 1.74 million hectares in
the Cerrado Biome as a whole in this more recent period.

An analysis based on CAR, the Rural Environmental Registration, revealed that 95%
(19.07 million hectares) of the soy area in the 2020/21 crop year was grown on land that has
a CAR (90,000 properties with a minimum soy area of ten hectares), while the remaining 5%
(0.93 million hectares) was grown on land without a CAR.

2013/14 2020/21
19.20 Mha Other States
15.28 Mha
Soy
Soy
1.98 Mha
Fallow land or other uses B
148 Mha 3
Pastures | 111 Mha Fgllow land or other
uses
Maize, cotton or W'QQ.MF‘Q 066 Mha
sugarcane ™ Maize, cotton or
Native vegetation ©12Mhe sugarcane
MATOPIBA
3.40 Mha
Soy 472 Mha
Fallow land or other uses 09 Mha
Maize, cotton or sugarcane 053 Mha Soy

Native vegetation 059 Mha — 091 Mha Fallow land or other uses
Pastures 096 Mha =
046 Mha Maize, contton or

sugarcane

Figure 16. Sankey Diagram illustrating the soy area for the 2013/14 and 2020/21 crop years, along with the transi-
tions in land use and cover that occurred in the period, for Other States and for Mo’ropibq

15. Project described and commented on in https://agrosatelite.com.br/cases/#canasat.
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Final considerations and
e recommendations

In the 2020/21 crop year, soy area in the Cerrado Biome had the biggest annual increase
(117 million hectares), 85% above the average annual rate for the last two decades, giving a
total soy area of 20.0 million hectares covering 9.8% of the Cerrado Biome.

The dynomics of land use chonge associated with soy produc’rion differ significonﬂy be-
tween Other States and Mo’ropibo, especio”y as regords of native vegetation conversion. In
Other States, the soy associated with native vegetation conversion in the most recent period
(2013/14 to 2020/21) represented just 0.8% (0.12 million hectares) of the soy area of crop year
2020/21, whereas in Matopiba it represented 10.5% (0.50 million hectares) and for the Cerrado
as a whole 31% (0.62 million hectares).

A comparison of the two seven-yedr periods confirms the recent trend that conversion of
native vegetation in the Cerrado Biome is s|owing down. While the average rate of conversion
was 161,000 hectares/year from 2006/07 to 2013/14, this fell to 71,000 hectares/year in the pe-
riod 2013/14 to 2020/21.
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