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Abstract

Land clearing in the Brazilian Amazon is strongly influenced by the economics of farming at the forest
frontier. Here we examine how rising profits from second-season corn, grown after soybeans, may
increase pressure on forests in the state of Mato Grosso. We assemble detailed annual data on crop prices,
yields, production costs, land values, and forest loss, and construct measures of both per-hectare farm
profits and total regional profits. Using statistical models designed to separate the effects of expected
returns from the effects of profit-driven expansion, we show that increases in farm profits raise land
prices and are followed by higher levels of forest clearing. These effects persist for several years after a
shift in profits. Our results suggest that expanding corn-based ethanol production in frontier regions can
indirectly increase deforestation by making farming more profitable, which in turn fuels land speculation
and encourages the clearing of new land.



Introduction

Global emissions from land-use change are disproportionately driven by the burning and clearing of
humid tropical forests and the draining of carbon-rich peatlands.'? Past research has raised concerns that
the loss of tropical forests and peatlands may be driven indirectly by demand for biofuels.”® For decades,
these concerns rested on the premise that price signals originating in established agricultural regions, such
as the U.S. Corn Belt or the sugarcane fields of Sdo Paulo, influenced land clearing decisions in carbon-
rich landscapes such as Brazil’s Amazon and Cerrado. These concerns led to efforts to account for
indirect land use change (ILUC) in biofuel regulations.’'°

Until 2017, when Brazil opened its first ethanol refinery designed specifically for processing corn in
Lucas do Rio Verde, Mato Grosso, nearly all of the world’s ethanol was produced in the U.S. Midwest or
southeastern Brazil. Nearly all land suitable for farming in both regions had already been cleared and
brought into production, and neither was a major source of emissions from land-use change in the 21*
century. However, in concept, global price signals created a bridge between biofuel demand in established
regions and land clearing in carbon-rich frontiers.

Biofuel production in carbon-rich frontiers itself raises a new dilemma in the biofuel sector. Producing
biofuels in or in proximity to areas of active land use conversions likely creates new risks for forest loss,
by influencing markets more directly connected with land clearing decisions. Unlike earlier concerns
focused on global price signals, frontier production directly alters regional land and capital markets,
which have been directly linked to tropical deforestation.

Nearly all of Brazil’s corn ethanol is produced in three states: Mato Grosso, Goids and Mato Grosso do
Sul (Figures 1a-1b). Land continues to be cleared in these states, with newly cleared land often stocked
with cattle or used for agriculture. These states are also important source regions for emissions from land
use change. Producing biofuels in or in proximity to areas of active land use conversions raises new risks
for forest loss.

In this article we argue that corn ethanol production in Mato Grosso may drive forest loss indirectly, to
the extent that safrinha corn serves as an important driver of farm profitability. More specifically, we
show that (i) the economic value generated by safrinha corn in Mato Grosso has grown over the past
decade; that (ii) land markets, widely associated with land clearing decisions in the Amazon,'"™"* are
closely linked to agricultural profits; and that (iii) deforestation in Mato Grosso’s Amazon region is

partially explained by changes in profitability.
Corn Profits and Deforestation in the Amazon

Brazil is the world’s fourth largest corn producer and one of two leading corn exporters, globally. Most of
Brazil’s corn is produced in the country’s Center-West region (consisting of Mato Grosso, Mato Grosso
do Sul and Goias), where it is grown as a safrinha crop, a second-season planting that follows the main
soybean harvest. In 2025, 83 percent of Brazil’s corn was projected to be produced as a safiinha crop.'
Approximately one-half of Brazil’s safrinha corn is grown in Mato Grosso.

In a soybean-safiinha corn system, soybeans are planted at the start of the rainy season, typically in
September or October, and harvested in January or February. Corn is then planted immediately following
the soybean harvest, grown through the end of the rainy season, and harvested early in the dry season, in
May or June, when humidity is low.?*** This intensive planting rotation, where two highly productive
crops are grown in succession within a single growing season, requires both an extended warm period and
abundant precipitation (conditions are widely associated with humid tropical forest regions). Farmers in



Brazil’s interior, which is or was home to vast tracts of humid tropical forest, now harness these
conditions for a highly intensive agricultural rotation.

Until relatively recently, safrinha corn was of secondary economic importance to soybeans for many
farmers. Subject to drought risk, and with markets for corn in Brazil’s interior limited (where climatic
conditions were most favorable for the safrinha corn harvest), safrinha corn was once valued as much for
its stover as its market potential. Many farmers invested little (relative to soybeans) in its production.
Yields, as a result, were often low. Since 2010, however, yields to safrinha crop corn have increased,
reflecting both greater investments in fertilizer and planting, and the development of seed and
management technologies better suited for planting as a safiinha crop.

Between 2000 and 2010, and then 2011 and 2020, safrinha corn yields increased from 3 to St/ha in Brazil,
and 3.5 to 5.5t/ha in Mato Grosso Yields have continued to increase, and corn yields in Mato Grosso, the
highest for safiinha corn in Brazil, now approach 7t/ha.'*

Profits from safrinha corn relative to soybeans have also increased. In Mato Grosso, we estimate that
profits from safrinha corn equate to approximately 80 percent of profits from soybeans, or about 40—45
percent of the total joint profits from a soybean-safiinha corn planting cycle (Figure 2).

Ethanol refineries provide a stable, local, and year-round demand source for corn. Rather than shipping
corn or corn-fed poultry abroad over limited infrastructure, farmers may send their corn to a local
refinery. This is particularly important for farmers in Brazil’s interior states, such as Mato Grosso. There,
climatic conditions may be most suited for farming safrinha corn, but farmers are also located farthest
from ports or markets on Brazil’s coast. This combination of highly productive farmlands in the humid
tropics and high transportation costs is likely attractive for the ethanol sector. Ethanol refiners here benefit
not only from an abundant supply of corn, but also from corn sold at lower prices than in other regions in
Brazil.

In 2024, Brazil produced 7 billion liters of corn ethanol. Mato Grosso alone produced 5 billion liters of
corn ethanol. Assuming that 400 liters of ethanol are produced per ton of corn, this implies that
approximately 17.5m tons of corn were refined for ethanol across Brazil, and 12.5m tons in Mato Grosso
that year. This equates to approximately 15 percent of Brazil’s 2024 corn harvest, and 26 percent of Mato
Grosso’s.

While the precise impact of corn ethanol markets in Brazil on corn prices remains unclear, research on the
impact of biofuel demand on corn prices in the U.S. suggest that ethanol markets meaningfully raise corn
prices.*'> We assume that these markets have positively influenced corn prices and land use in Brazil, and
in particular in Mato Grosso. We also recognize that past research has widely tied agricultural expansion
and agricultural profits to with forest loss in central Brazil, and in Mato Grosso, specifically.'®!”

Agricultural expansion and higher profits from agriculture increase the demand for land, and accelerate
appreciation in rural land markets. Appreciation in rural land markets incentivizes and rewards land
speculation, widely identified as an important driver of land use change, including in Brazil’s Amazon
region.'"'® Agricultural profits drive appreciation in rural land markets by increasing expected profits
from land, and by increasing the rural capital base for land purchases.'** In Figure 3, we show that real
values for rural land in Mato Grosso increased in the early 2010s with the growth of safrinha corn as an
important capital source (e.g., Figure 2b), and in 2021-2023, presumably in response to the increase in per
hectare and sector-level profitability that occurred concurrently during these years.

Results



To identify the relationship between agricultural profits, land prices and deforestation, we first decompose
profits into the two components through which they affect land clearing decisions: (i) net profits per
hectare, which serves as a proxy for expected future profits from land, and (ii) total sector profits
generated from soybeans and safrinha corn (net profits multiplied by harvested area), which acts as a
measure of the rural capital base available for re-investment after a growing season. Both measures are
derived from our cost and return data for soybeans and safrinha corn and described in detail in the
supplemental information (see SI tables S.1-S.2).

To isolate the independent influence of each channel, we first regressed sector-level profits on per-hectare
profits and estimated the residuals. The residuals represent the effect of sector level profits (a proxy
measure of regional investment capital) not explained by changes in per hectare profits. We then
estimated the effects of both per-hectare profits and the estimated residuals on land prices and
deforestation (see methods).

We find that sector level profits from soybean-safiinha corn agriculture are associated with upward
pressure on land values in Mato Grosso (Figure 4). A one-percent rise in sector-level profits increased
cropland prices by 0.48 percent (p <0.01) and a 0.27 percent increase in pastureland prices (p < 0.05). We
also find that each one percent increase in sector profits was associated directly with a 1.26 percent
increase in forest loss in Mato Grosso’s Amazon (p < 0.05). Net per-hectare profits also correlate
positively with land prices and deforestation, though less strongly than sector-level profits. Estimates are
consistent with findings that land markets are driven by rural capital markets, where capital availability is
driven by the relative profit surplus generated by the agriculture sector in a growing season.'*?’

Next, we estimated the influence of sector level soybean-safrinha corn profits on deforestation in Mato
Grosso’s Amazon region. Here we use a finite distributed lag (FDL) model, which reflects our assumption
that deforestation in response to a profitability shock occurs over multiple years. Our estimates suggest
that each R$1 billion (adjusted to 2024 values, equivalent to approximately 190m $US) increase in year-
to-year soybean and safrinha corn profits was associated with 11.9 to 13.4 km? of additional Amazon
forest loss, distributed over a three-year period.

Finally, to isolate the role of corn profits on deforestation, we compared predicted deforestation outcomes
from the FDL model using actual sector profits (soybean + safiinha corn) against a counterfactual
scenario in which sector profits reflected profits from soybean only. Using this framework, we estimated
that the additional profits from safrinha corn contributed to approximately 343-390km? of Amazon forest
loss in Mato Grosso between 2010 and 2024, or approximately 1.5 percent of all deforestation in the
region during that period. However, the profitability spike in safrinha corn production likely had an
important impact on forest loss in more recent years, as the economic importance of corn has grown. For
Notably, we estimate that the increase in profits from safrinha corn associated with the 2020 and 2021
harvests were associated with 320-340km? of forest loss in Mato Grosso’s Amazon region, or eight
percent of forest loss observed during those years (Figure 5).

Discussion

Previous research has suggested that higher demand for biofuel feedstocks in mature agricultural regions
may contribute to higher prices for food crops, and raised concerns that greenhouse gas emissions savings
from biofuels could be offset by the clearing of carbon rich forests in other regions.>*'"* In this article,
recognizing that the Amazon and Cerrado regions are now not only major source regions for emissions,
but also important biofuel producing regions in their own right, we consider the impact of net returns to
safrinha corn in these regions on land markets and forest loss.



We find that land markets and deforestation rates in Brazil’s Mato Grosso state are closely associated with
changes in the profitability of soybean-safrinha corn agriculture. We also find that sector level profits
from soybean and safrinha corn, a measure of rural capital availability, are closely associated with
changes rural land markets and forest loss trends. Rising land values both incentivize and reward
speculation, long viewed as an important driver of land use change in the Amazon and other tropical
frontiers,'!1%2+%

Our results build on a robust body of work identifying the market linkages that connect established
agricultural regions with areas of active land use change, whether globally*****>° | or within Brazil,
specifically.”’* They also build on and draw from recent work identifying the importance of spatial
spillovers associated with agricultural expansion, particularly through land markets.>!**¢3%

Research from the U.S. has shown that land conversion risks increase near biofuel refineries.”*' If land
conversion risks increase similarly near biofuel refineries in the Amazon, which is home to vast tracts of
carbon rich forests, then it is likely that producing ethanol in these regions leads to greater emissions from
land use change than producing ethanol elsewhere. Similarly, if corn ethanol demand is improving the
profitability of agriculture in proximity to clearable forests, then it is likely creating conditions that foster
appreciation in rural land markets, and supporting speculative deforestation. This raises new concerns
over the relationship between biofuels and forest loss, including that ethanol markets may contribute
indirectly to speculative deforestation.**** As ethanol markets evolve, understanding localized land use
feedbacks, such as through land markets, will be critical to aligning climate mitigation goals with land
governance and biodiversity protection.

Improving local productivity in Brazil has widely been framed as a strategy to reduce forest loss in the
Amazon.*>" Safrinha corn, as a second crop, represents a form of intensification in the Amazon with the
potential to reduce land demand. However, intensification in the Amazon has often been associated with
forest clearing, precisely because higher profits without constraints to expansion often lead to an
expansion of production areas.’*?!#34%%¢ Absent adequate protections for forests- and not only protections
against agriculture expanding at their expense- intensification is likely to continue to increase the loss of
forests, not spare it. Problematically, because the soybean-safrinha corn double harvest depends heavily
on an extended growing season and abundant precipitation, this creates perverse incentives to expand

production in Brazil’s more humid tropical regions- regions that are, or once were, tropical forests.
16,38,42,52,53

As a second-season crop, safrinha corn is highly sensitive to the timing and length of the rainy season.
Studies suggest that the rainy season in Mato Grosso has shortened in recent decades, likely due to the
loss of natural forest cover.*” Rising temperatures, particularly at nighttime, and a compressed growing
window may reduce safi-inha yields in the future*® and projections suggest that by mid-century, suitable
areas for double-cropping in Mato Grosso may decline by 15 to 20 percent in the absence of technological
breakthroughs.*’ These climatic shifts may push producers to expand into more humid, carbon-rich forest
lands perceived as more suitable for harvesting multiple crops per year.

Global demand for biofuels could triple by 2050.° Sustainable aviation fuel (SAF) demand alone could
rise from 100 million liters today to 44 billion liters by mid-century.® Within Brazil, mandates for higher
blending rates for ethanol in gasoline (30 percent) and for crop-based diesel (15 percent), will also
increase biofuel demand. Biofuels have the potential to greatly reduce greenhouse gas emissions, and
decarbonize hard-to-abate sectors. However, realizing that potential will require minimizing the land use
change associated with the production of biofuel feedstocks. Sourcing biofuels directly from farms
operating at the margins of carbon rich forests such as the Amazon will raise concerns that biofuel



production itself may contribute to tropical deforestation and emissions from land use change. To ensure
that biofuels produced in proximity to areas of active land use change are not leading to additional forest
loss, biofuel incentives should be coupled with strengthened protections for regional forest cover that
ensure that biofuel expansion complements, rather than undermines, environmental objectives.

Methods:

Prior research has quantified regional ILUC effects associated with soybean expansion in Brazil. Arima et
al. (2011) estimated that a 10% reduction in soybean expansion could have reduced forest loss in heavily
forested municipalities by up to 40%. Richards et al. (2014) attributed roughly one-third of Brazil’s
anthropogenic forest loss from 2002-2011 to the indirect effects of soybean cultivation. More recently,
Kuschnig et al. (2021) found that in 2017, approximately three-quarters of forest loss in Mato Grosso was
indirectly linked to cropland, with nearly eight hectares of forest cleared for every new hectare of soybean
agriculture. We build on this past work by identifying indirect effects not only with soybean agriculture,
but with the now widely applied soybean-safiinha corn system.

Our estimation framework assumes three potential land uses: cropland, cleared land (e.g., pasture), and
uncleared land (e.g., intact forest). Each generates economic value either through current production or
anticipated capital gains. Cropland yields both crop income and appreciation in land value, reflecting
expectations of sustained profitability. Cleared land may support pasture or cattle production, though in
frontier areas such activities often yield little or even negative return. Maintaining cattle may instead
serve to demonstrate “productive use” and strengthen property claims.'? The value of cleared land thus
derives from its potential conversion to cropland and its role in formalizing ownership. Its price tends to
rise near profitable cropland, since expectations of future returns and access to capital are spatially
correlated: when nearby farming is lucrative, capital costs fall as farmers reinvest profits into new land,
for example. Speculators or ranchers who sell profitably may likewise reinvest in additional properties,
hoping for future.’’ Forested (uncleared) land has little productive value but retains speculative value
through its potential conversion to cropland.

Within the above framework, land-use change can be viewed as the outcome of relative returns and
clearing risks across these three asset types. When expected profits from agriculture rise, both the rental
value of productive land and the capital value of cleared and uncleared land increase. Higher crop
profitability attracts investment into land markets, particularly in regions where land conversion remains
possible. Farmers with accumulated profits may expand holdings, while speculators purchase land in
anticipation of further appreciation. In this way, profitability shocks in the agricultural sector translate into
land clearing through both a rent effect, reflecting higher expected returns to production, and an
investment effect, driven by greater availability of capital for land acquisition and conversion. The
magnitude of these effects depends on local credit conditions, property rights institutions, and proximity
to existing agricultural production.

To estimate the effect of agricultural profits, and by extension, the effect of profits from safrinha corn, we
focus on two sets of analyses. First, we estimate the relative effect of changes in net per hectare profits vs.
net sector profits on changes in land prices, and on Amazon deforestation in Mato Grosso. Second,
drawing on work by Richards and Arima (2018), we use a finite distributed lag model to estimate the
effect of changes in net sector profitability on deforestation. This latter approach treats changes in the sum
of agricultural profits from soybeans and corn (e.g., net sector profits) as a proxy for new capital for
investment. Implicitly, here we acknowledge that historical inflation and high borrowing costs in Brazil
increase incentives for reinvesting liquid capital into land or productive assets such as infrastructure or
farm machinery.®*” When total (not necessarily per hectare) returns are higher than in previous years,



farmers have more cash available to invest in land purchases, clearing, and infrastructure, which
effectively reduces capital constraints, increases investment activity, and accelerates land clearing (which
we view as a form of investment). Conversely, when returns are less than in previous years, investment
capital is scarce and acts as a brake on forest loss. We further assume that the effects of agricultural
returns on deforestation are not immediate. Instead, these effects unfold over several years as investments
are made, markets adjust, and displaced operations or speculators identify new opportunities.

Profits, Land Markets and Forest Loss

Land markets reflect both the expected net present value of returns from land and the cost of capital. We
use year-to-year changes in net per-hectare profits in Mato Grosso as a proxy for changes in the expected
net present value of cropland. We use year-to-year changes in net sector profits (i.e., per-hectare profits
from soybeans and safrinha corn multiplied by their respective harvested areas in Mato Grosso) as an
indicator of changes in capital availability. We refer to the effect of expected net per-hectare profits as the
land rent effect, and the effect of sector-level capital as the investment effect. Our use of the term “rent”
follows conventions in land economics, where land rents represent the residual returns to land.**>¢

Sector-level profits are mechanically related to per-hectare profits. However, we can assess the distinct
influence of these effects through a two-step orthogonalized regression that residualizes sector-level
profits with respect to per-hectare returns. This approach follows the Frisch—Waugh—Lovell (FWL)
theorem.”’*®

In the first stage, we regress year-to-year changes in the log of net sector profits (I;) on changes in the log
of net per hectare profits (R;) to remove the component of sector-level profits explained by returns.

Iy = yo + ViRt + u;
(D

where, u; represents the component of net sector profits orthogonal to R;. Because we estimate this
regression on first-differenced time-series data, u,varies across years, capturing year-specific deviations
in sector-level profits unrelated to per-hectare returns, our proxy for the investment or capital-availability
effect. yy and y; are additional coefficients to be estimated.

In the second stage, for each land use type [ € {Amazon Forest, Pastureland, and Cropland}, we regress
year-to-year changes in the log of land price (L;;) on R; and u;:

Lie = Boir + BuRe + Barue + &1t
()
Separately, for year-to-year changes in the log of Amazon deforestation in Mato Grosso, D;, we estimate:
Dy = 69+ 61R +0ur + 1
3)

The coefficients ;; and &; capture the land rent effect associated with changes in net per hectare profits,
while S,; and §, capture the investment effect associated with net sector profits, after removing the
mechanical co-movement between sector-level profits and per hectare profits.

Before estimation, we conducted unit root and cointegration tests for all key variables over the 2001-2024
period. Augmented Dickey—Fuller tests indicated non-stationarity in level form, but suggested stationarity



in first differences (Tables S.3, S.4). Co-integration tests applied to residuals from bivariate regressions
revealed limited evidence of cointegration among first differenced observations. This suggests that while
changes in land prices, per-hectare profits, sector-level capital, and deforestation may co-move in the
short run, they are not governed by stable long-run equilibrium relationships (Table S.5).

Given the non-stationarity of variables in levels and their stationarity in first differences, we estimate
equations (1-3) using first differences, or changes in the logged-transformed variables. Log
transformation allows for consistent estimation of short-term responsiveness, avoids spurious correlation
due to trending series, and aligns with the stationarity properties of our data. We estimate the differenced
specifications to reduce spurious correlation and to interpret short-run elasticities of deforestation and
land values with respect to profitability shocks.

Our estimates suggest that- since 2001- each one percent increase in the change in net per hectare profits
(the rent effect) was associated with a 0.16 percent increase in cropland prices, a 0.11 percent increase in
pasture prices, and a 0.25 percent increase in deforestation (Table S.6). These effects are significant and
positive. However, they are outweighed by the effects associated with ‘investment’ (net sector profits
independent from net per hectare profits). We estimate that each one percent change in the residuals
associated with changes in net sector profits (the investment effect) effect was associated with a 0.47
percent increase in cropland prices and a 0.27 percent increase in pasture prices (Figure 4).

For deforestation, we find that changes in capital availability (the investment effect) are associated with
an impact approximately five times greater than that of changes in net per-hectare profits. These findings
are consistent with arguments that land valuation and clearing may be driven more by capital flows and
speculative investment than by expected agricultural returns.

Fixed Distributed Lag Model and Predicted Effects

To isolate the effect of safrinha corn on deforestation via its contribution to investment capital, we
estimated the relationship between changes in sector-level agricultural profits from a soybean-safrinha
corn system and changes forest loss. Here, we utilized a finite distributed lag (FDL) model to allow
profits shocks from a single year to affect multiple years of clearing decisions. This model structure
acknowledges that capital-intensive actions (land purchases, infrastructure purchases and installations,
land clearing), are likely to unfold only over multiple years.

We restrict this analysis to 2010-2024, reflecting changes in environmental governance of Brazilian
forests in the late 2000s and the post-2009 transformation and expansion of safiinha corn.

Here we let D, denote the change in Amazon deforestation (in square kilometers) in year ¢ and I, the
change in sector profits (in billions of reais, the Brazilian currency).

We write the FDL as:
Di=a+0l,+Pl,_1+ VI _,+P + &
(4)
Where P; is an indicator for changes in governance after 2016 (P, = 1 for t > 2016).

Given stochastic trends in both deforestation and sector profits (Tables S.3—S.4), we estimate equation (4)
in first differences and report Newey—West standard errors to address heteroskedasticity and
autocorrelation. The distributed lag terms (8, ¢, Y) capture the dynamic response to a profit shock over
three years, beginning in the year that profits are received. Coefficients are interpretable as marginal



effects associated with a 1 billion $Rs change (real values, adjusted to 2024 values) in sector profits on
changes in deforestation in square kilometers. Estimated results are included in the Table S.7. Brazilian
farmers typically harvest soybeans and safrinha corn within the first six months of the year, suggesting
that initial investment responses may occur within the same year that a harvest is collected.

We generated counterfactual predictions by replacing the change in combined sector level soybean and
safrinha corn profits with changes in profits associated with only soybeans while holding the model
coefficients fixed. We then attributed the difference between the baseline prediction and the “no-corn”
(soybean-only) prediction to profitability changes associated with safrinha corn (e.g. Figure 5). Full
model results are included in Tables S.8 and S.9.

Data Availability Statement

We used six primary datasets in this analysis. These data cover: commodity prices™ (S&P Global),
production costs®>®! (CONAB), crop yields and area'**> (CONAB), deforestation® (INPE-PRODES),
land values by use type® (S&P Agribusiness / ANUALPEC), and corn ethanol production statistics®
(CONAB). All data were harmonized to the annual level, with prices and costs deflated to constant Q2
2024 values using Brazil’s GDP deflator®® (NGDPDSAIXBRQ). Detailed descriptions of each dataset,
deflation procedures, and variable construction are provided in the Supplementary Information.
Additional information on data sources and construction are included in supplemental information (SI).
All data are publicly available.
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Figure 1a: Total Ethanol Production in Brazil by Feedstock

Figure 1b: Corn Ethanol Production by State
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Figure la: Annual ethanol production from sugarcane and corn in Brazil, 2010-2024. Volumes are
reported in billions of liters. Corn ethanol, introduced more recently, has grown rapidly since 2019. Data

from CONAB."

Figure 1b: Annual corn ethanol production by state in Brazil, 2019—2025. Mato Grosso accounts for the
largest share of national production, followed by Mato Grosso do Sul and Goias. Volumes are reported in

billions of liters. Data from CONAB."



Figure 2a: Per-Hectare

Profits in Mato Grosso (1999-2024) from soybean and safiinha corn
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Stacked annual per-hectare profits from soybeans and safrinha corn in Mato Grosso, Brazil. Values
represent net profits after accounting for real operational costs (R$/Ha), with income computed using
adjusted yield and prices per 60 kg sack. Bars are stacked to show the contribution of each crop to
overall per-hectare profitability. Years are shown along the x-axis to highlight changes over time. All

values are real values, adjusted for inflation.

Figure 2b: Sector-Level Profits in Mato Grosso (1999-2024) from soybean and safiinha corn

RS billions

Corn M Soybean

160

120

80

4

o

S & P F X DO DD D
Q Q Q Q Q '\ '\ '\ '\ '\ Q) 9/ Q)
D S S PP P PP

0

Stacked annual total sector profits (R$) from soybean and safrinha corn production in Mato Grosso.
Sector profits are calculated as per-hectare net profits multiplied by total planted area each year. The
figure shows the relative and absolute contributions of each crop to the aggregate agricultural
profitability of the region. Note the rapid expansion in total profits after 2020, primarily driven by corn.
All values are real values, adjusted for inflation.



Figure 3: Annual Land Prices in Mato Grosso by Land Use Type, 2001-2024
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Trends in average land prices (R$ per hectare) for cropland (Grains & Oilseeds), pastureland, and
Amazon forest in Mato Grosso. Cropland prices increased in 2010 with the growth in safrinha corn as a
new market crop in Mato Grosso, and in 2020, concurrent to a spike in profitability. Pasture prices, and
to a lesser extent, forest prices, show similar directional trends, consistent with spatially correlated land

markets.



Figure 4

Profit Effects on Land Prices and Deforestation
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Estimated elasticities of first-differenced log land prices and deforestation with respect to agricultural
profits per hectare (“Rent Effect”) and the residual component of sectoral profits orthogonal to per-
hectare profits (“Investment Effect”). Coefficients are derived from a two-stage orthogonal regression
procedure applied to differenced log variables. Confidence intervals represent 95% robust standard
errors. Results indicate that investment effects are generally larger and more statistically significant than

rent effects.



Figure 5:

Estimated Contribution of Safrinha Corn Profits to Deforestation in Mato Grosso
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Estimated contribution of safrinha corn profitability to deforestation in Mato Grosso, Brazil (2010-2024).
Using a finite distributed lag model with first-differenced data, we estimate the share of observed forest
loss attributable to year-over-year changes in sector-wide profits from safrinha corn. Colored bars
represent the model-predicted impact of corn profitability on deforestation, while the full bar height

corresponds to the observed deforestation in each year. Negative values reflect years in which declining
profits were associated with lower forest loss.

Editorial summary:



In Mato Grosso, Brazil, an increase in profits from safrinha corn indirectly increases land values and
forest loss, and these effects persist for several years after a shift in profits, according to an analysis that
combines crop, cost, and yield data with a statistical model.
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