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Abstract
The land use impacts of globalization and of increasing global food and fuel demand depend
on the trade relationships that emerge between consuming and producing countries. In the case
of soybean production, increasing trade between South American farmers and consumers in
Asia and Europe has facilitated soybean expansion in the Amazon, Chaco, and Cerrado
biomes. While these telecouplings have been well documented, there is little understanding of
how quality preferences influence trade patterns and supply chains, incentivizing or
discouraging particular land use practices. In this study we provide empirical evidence that
Brazil’s continued production of non-genetically modified (GM) soybeans has increased its
competitive advantage in European countries with preferences against GM foods. Brazil’s
strong trade relationship with European consumers has facilitated an upgrading of the soybean
supply chain. Upgraded soybean supply chains create new conservation opportunities by
allowing farmers to differentiate their products based on environmental quality in order to
access premiums in niche markets in Europe. These interactions between GM preferences,
trade flows, and supply chain structure help to explain why Brazilian soybean farmers have
adopted environmental certification programs on a larger scale than Argentinian, Bolivian,
Paraguayan, and Uruguayan soybean producers.

Keywords: telecoupling, trade, multi-stakeholder initiatives, supply chains
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1. Introduction

Population growth, expanding affluence, and changing dietary
preferences are increasing global demand for food and fuel

11748-9326/13/044055+11$33.00 c© 2013 IOP Publishing Ltd Printed in the UK

http://dx.doi.org/10.1088/1748-9326/8/4/044055
mailto:rachael_garrett@hks.harvard.edu
http://stacks.iop.org/ERL/8/044055
http://stacks.iop.org/ERL/8/044055/mmedia
http://creativecommons.org/licenses/by/3.0


Environ. Res. Lett. 8 (2013) 044055 R D Garrett et al

Figure 1. Soybean area and yields in 1986 and 2010 by country. The size of the pie reflects the size of the total soybean area in North and
South America. Each slice reflects a countries percentage of the total soybean area in North and South America. Yields are country
averages. Data source: FAO Production Statistics (faostat.org).

products [1, 2]. Concurrently, globalization is changing the
environmental impact of these products by shifting production
away from temperate countries towards tropical ones [3, 4].
The redistribution of production from temperate to tropical
areas may increase the global land use efficiency of
agricultural production by transferring some production to
countries with higher than average yields [5, 6]. However,
this is not always the case. The comparative advantage of
tropical regions may stem from the availability of cheap
land and labour, rather than high yields, resulting in the
use of more cropland to produce the same amount of
food, often in regions of high biodiversity and carbon
value [7, 8]. On the other hand, increased global trade
linkages create new opportunities for international consumers
to influence environmental governance in agricultural export
countries through market mechanisms [9, 10]. The concept
of telecoupling [11] captures these duelling outcomes of
globalization on land use and the environment, which are
well illustrated by the case of soybean production in South
America.

Global consumption of soybean products has increased
by 200 million tons (MT) since 1970 [12]. When crushed,
soybeans produce both oil and meal, ingredients that are
then incorporated into cooking oils, biofuels, livestock feeds,
and numerous processed foods. Soybean consumption has
grown particularly quickly in China, where soybean meal
fuels the burgeoning swine industry. To meet the growing
global demand for soybean by-products, farmers in North and
South America have greatly increased yields and planted area

(figure 1). The environmental impact of increased soybean
area has been particularly high in South America, where
croplands planted with soybeans expanded by more than
30 million hectares (Mha) between 1986 and 2010. This
process resulted directly and indirectly in the conversion
of native vegetation to agriculture in the Brazilian tropical
savannah (Cerrado), Brazilian and Bolivian moist tropical
forest (Amazon), and seasonally dry forests of Argentina,
Paraguay, and Bolivia (Chaco and Chiquitano) [13–17].

Economic globalization, via reduced trade barriers and
improved transportation and logistics, has undoubtedly accel-
erated this increase in soybean production and deforestation
in South America by linking producers in remote agricultural
regions to distant urban consumers [5, 18]. However,
globalization also has the potential to help kerb future
deforestation for soybean production in some countries by
allowing international consumers to incentivize sustainable
production practices through eco-certification programs. The
broad purpose of this study is to understand linkages between
consumer preferences for non-genetically modified crops
and the adoption of eco-certification programs in producing
countries. In particular we ask: (1) how do preferences for
non-genetically modified (GM) soybeans affect global trade
flows; and (2) how do trade relationships emerging from GM
preferences influence the structure of regional soybean supply
chains, and consequently, the extent to which producers can
participate in eco-certification programs.

We focus on trade between the world’s 7 largest exporters
and 11 largest importers of soybeans, accounting for 95%
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Figure 2. Total non-genetically modified soybean area by country
in 1996 and 2010. Excludes Bolivia and Paraguay who produced
negligible volumes in both years. The graph shows an 80% decrease
in non-genetically modified soybean area in North and South
America between 1996 and 2010. Data source: yearly reports
published by the International Service for the Acquisition of
Agri-biotech Applications (isaaa.org).

of world production and 80% of world consumption [19].
We begin the letter by reviewing recent trends in consumer
preferences for non-GM foods and global production of
non-GM soybeans. We then describe our framework for
understanding interactions between consumer preferences,
trade flows, and eco-certifications and methods for analysing
and accounting for these interactions. Next we present
and discuss our results, concluding that Brazil’s continued
production of non-GM soybeans has led to strong trade
linkages with European consumers. These trade linkages
have facilitated the creation of upgraded supply chains that
enhance Brazilian producers’ opportunities to be rewarded
for more environmentally sustainable production through
eco-certification programs.

2. Background and theory

2.1. Global availability of non-GM soybeans and consumer
preferences for non-GM foods

Since RoundupReadyTM (glyphosate-resistant) soybeans
were first introduced in 1996, global non-GM soybean area
has declined dramatically (figure 2). RoundUp resistance
is appealing to producers because it allows them to apply
herbicides less frequently during the growing season and
reduce their soil tillage [20]. The use of GM seeds has been
legal since 1997 in the United States, Canada, and Argentina,
but it remained illegal in Uruguay until 2000, in Paraguay until
2004, and in Bolivia and Brazil until 2005. As a result, GM
seed varieties suitable for the climates and soils of Bolivia,
Brazil, Paraguay, and Uruguay were not developed until the
2000s. Despite a prohibition against their use, GM soybeans
were planted illegally in the southern states of Brazil as early
as 1997, using varieties developed for Argentina [21, 22].
However, as GM varieties were generally not adopted in
northern Brazil until 2005, GM seed usage was far less

Table 1. Per cent of total soybean production deriving from
transgenic seeds in each Brazilian state as of 2006. Source: IBGE
2006 agricultural census, table 824. (Note: ‘—‘signifies missing
data.)

Region State % of total production

North Rondônia —
Acre <1
Amazonas <1
Roraima —
Pará <1
Amapá <1
Tocantins 2

Northeast Maranhão 1
Piauı́ 1
Ceará <1
Rio Grande do Norte <1
Paraı́ba <1
Pernambuco —
Alagoas <1
Sergipe <1
Bahia 1

Centerwest MatoGrosso 3
Goiás 8
MatoGrosso do Sul 9

Southeast Minas Gerais 2
Espı́rito Santo <1
Rio de Janeiro <1
São Paulo <1

South Paraná 6
Santa Catarina 6
Rio Grande do Sul 39

Brazil 9

common in these states as of the last agricultural census
(table 1) [23]. Brazil is now the largest remaining producer of
non-GM soybeans in the world, producing approximately 15
million tons each year. The next largest producers of non-GM
soybeans were China (14 million tons), India (12 million
tons), the United States (6 million tons), and Canada (1
million tons). India and China, in particular, produce a large
volume of non-GM soybeans, but unlike Brazil, they do
not export much of their production due to high domestic
consumption [24, 25].

While the production of GM soybeans has increased
substantially in the last decade, public opinion polls have
consistently shown that more than 70% of Japanese and
European consumers prefer to consume foods that do not
contain genetically modified materials [26, 27]. As a result,
foods derived directly from GM crops must be labelled in
the EU and Japan (but meat and dairy products originating
from animals fed GM corn and soybeans do not need to be
labelled) [28, 29]. GM imports are not banned in the EU or
Japan, but are subject to a strict approval process [30]. The
total demand for certified non-GM soybeans in Europe and
Japan is roughly 7.5–9 million tons, which accounts for close
to 10% of all the soybeans purchased in world markets [31].

Although the demand for differentiated (non-GM)
soybeans is relatively small, it can play a substantial role
in global land use outcomes through two mechanisms.
First, preferences for non-GM soybeans can influence trade
patterns, as countries with larger supplies of non-GM
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soybeans can deepen their specialization in serving this
market segment. Secondly, to provide certified non-GM
soybeans, exporters must use segregated supply chains to
maintain the purity of the shipment, which influences the
structure of the supply chain.

2.2. Effects of quality preferences on trade patterns

To understand how preferences for non-GM soybeans
influence trade patterns we begin with a standard economic
trade model that assumes that there is an integrated world
market for each agricultural commodity [32]. The model
assumes that each importer purchases soybean products from
the lowest cost exporter, adjusting bi-lateral trade levels
whenever the relative prices of different exporters change.
This model also assumes that soybean imports from all current
trade partners will increase as an importer’s domestic soybean
consumption increases, so long as new consumption cannot
be met (in a cost-effective way) by domestic production.
Similarly, soybean exports to all current trade partners will
decrease as an exporter’s domestic soybean consumption
increases, so long as domestic soybean production does not
increase to meet this new demand. The relative prices of
soybeans originating in different countries are determined by
production costs, domestic and international transportation
costs, exchange rates, import tariffs and other trade barriers,
and export taxes. For example, an exporter whose currency
is decreasing in value relative to other exporters will
have decreasing production and transportation costs in the
importer’s currency, relative to those other exporters, even if
input and transportation costs stay the same in the domestic
currency. Some of these price factors may fluctuate greatly
on a year-to-year basis (exchange rates, export taxes, and
production costs), while others factors tend to change over
longer time periods (import tariffs and transportation costs).

Importers also substitute between potential trade partners
based on relative quality [32, 33]. Since the presence of
GM material influences the perceived quality of soybeans
in countries with consumer preferences against GM crops,
soybeans from different exporters can be differentiated based
on whether or not they were produced with GM seeds [34].
Importers then balance price with quality when making
sourcing decisions. If the preference against GM foods is
more important than price in a particular country, then
buyers in that country will shift their demand away from
exporters that produce only GM soybeans, even if the
GM beans produced by those exporters are less expensive
than the non-GM beans of other exporters. Conversely, a
country whose citizens do not reject GM foods would be
expected to increase its soybean imports from an exporter
whose soybean prices decreased because they adopted GM
production practices.

2.3. Effects of quality preferences on supply chains and land
use

In addition to adjusting trade relationships based on product
quality, importers can motivate trade partners to improve

product quality by offering price premiums for certain
attributes. To tap into these niche markets, traders and
producers need a mechanism for verifying that their product
meets the desired attributes. Certification programs are an
attractive mechanism from the consumer perspective because
they theoretically provide uniform standards that can be
applied to any producer and can be independently verified by
third-party organizations. The use of certification mechanisms
that span the entire supply chain is particularly attractive
in food sectors where individual producers have low brand
identity and the crop is heavily transformed before it reaches
end consumers. Certification programs have been created
for non-GM soybeans and for environmentally responsible
production practices, which partially overlap.

The largest certifying program for non-GM soybeans
is CERT-ID, which has been certifying non-GM production
in Brazil since 1999 [35]. To comply with the criteria of
CERT-ID and obtain a premium for non-GM soybeans,
soybean traders must segregate non-GM from GM soybeans
throughout the supply chain to prevent contamination. The
average premium for non-GM soybeans has fluctuated
between $16 and 54 per ton over the past three years,
depending on the country and world soybean price at the
time [36, 37]. Given a world soybean price of $350–$600
per ton during the same period, the premium for non-GM
soybeans adds between 5 and 10% to the price paid to
producers.

There are two major certification standards for environ-
mentally responsible production: ProTerra and Roundtable
on Responsible Soybeans (RTRS). The ProTerra certification
was created through a multi-stakeholder process in 2006
within the CERT-ID system and is modelled on the Basel
Criteria for social and environmental responsibility [24].
ProTerra certification requires soybeans to be non-GM
and ensures that farms practice sustainable use of soil,
pesticides, and water and do not convert native forests or
other high conservation value areas (HCVAs)5 to cropland.
More specifically, soybeans may not be grown on HCVA
land that was cleared after 2004. This standard requires
certified products to be segregated and traceable from farm to
fork [38]. Compliance with the ProTerra standard is evaluated
according to a uniform certification protocol, by a third-party
(independent) certification body that is accredited according
to ISO/IEC standards. The premium for ProTerra certified
soybeans is roughly $4 per ton, which is added to the standard
premium for non-GM soybeans [35].

The RTRS standard was also created in 2006 through
a multi-stakeholder process, but was modelled after the
Roundtable on Responsible Palm Oil [39]. Like ProTerra,
RTRS certification must be performed by an accredited
third-party auditor and requires companies demonstrate

5 ‘Areas containing globally, regionally or nationally significant concentra-
tions of biodiversity values; globally, regionally or nationally significant large
landscape level areas where viable populations of most if not all naturally
occurring species exist in natural patterns of distribution and abundance; areas
that are in or contain rare, threatened or endangered ecosystems; areas that
provide basic ecosystem services in critical situations; areas fundamental
to meeting basic needs of local communities; or areas critical to local
communities’ traditional cultural identity [47]’.
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that soybeans are produced in compliance with existing
environmental laws, do not convert HCVAs, and meet
additional environmental management criteria regarding
restoration, inputs, and pollution. However, the timeline
for using previously cleared land is different; soybeans
may not be grown on HCVA land that was cleared after
2009. Furthermore, in contrast to ProTerra, producers can
grow GM, non-GM, or organic soybeans. Consumers can
source these beans through a segregated supply chain, mass
balance accounting, or a certificate-trading platform. The
mass balance accounting system allows a company to produce
(or trade) both non-responsible and responsible soybeans,
so long as they keep track of how much of their total
supply is certified and do not sell more RTRS soybeans than
what they produced (or bought) [40]. The certificate-trading
platform enables soybean buyers to purchase ‘responsible
soy production credits’ directly from soybean growers,
with one credit equalling one metric ton of responsibly
produced soybeans [40]. The last two mechanisms do not
require segregated supply chains and thus do not ensure that
consumers actually receive responsibly produced soybeans.
The average premium for RTRS certified soybeans is $1.5 per
ton [41].

3. Methods

3.1. Effects of quality preferences on trade patterns

To examine how quality preferences for non-GM soybeans
influence bi-lateral soybean trade we specify a multivariate
logistic model that utilizes panel data from 1986 to 2010
for the 7 largest soybean exporters in the world during
this period—Argentina, Bolivia, Brazil, Paraguay, Uruguay,
USA, and Canada—and the 11 largest importers—China,
Japan, Thailand, Indonesia, Mexico, Egypt, Germany, Italy,
Netherlands, Spain, and Belgium. The model is a standard
partial equilibrium integrated world market model, with
an Armington assumption, which states that seemingly
identical exports from different countries are not perfectly
substitutable. Instead, an importer’s rate of substitution
between different exporters in response to price changes
depends on the perceived quality of different exporters [32].
In previous studies the Armington assumption has been used
mainly to capture the home bias of consumers. In this study
we use the assumption to allow for preferences based on the
presence of genetically modified materials.

We estimate annual imports as a function of quality (Q),
prices (P), and consumption (C), with country and time fixed
effects (F):

Importsi,e,t = Qi,e,t + Pi,e,t−1 + Ci,e,t + F (1)

Where the dependent variable (Importsi,e,t) is the proportion
of country i’s unprocessed6 soybean imports from country e

6 In the SI we also examine a model that includes soybean meal in the
dependent variable Importsi,e,t . The results of this model are listed in table
S2 (available at stacks.iop.org/ERL/8/044055/mmedia). Soybean oil is not
included in either model because there are too many missing years in the
FAO data.

in time t. The dependent variable is the proportion of imports
from each exporter, rather than total import volume, to
eliminate the effect of market expansion on annual trade levels
and focus instead on substitution between export partners.

Q is the proportion of the soybean area in the exporting
country that is planted with GM seeds in year t − 1
(GMe,t−1). We include an interaction term with GMe,t−1

for each importer to account for a structural difference in
the way different importers respond to GM usage in the
exporter. For example, we expect to find a negative and
significant coefficient on the GM variable for countries that
have a strong non-GM preference and a coefficient that
is not statistically different from zero for importers who
have no preference for non-GM. The vector P includes the
exchange rate between the exporting country’s currency and
the importing country’s currency in time t − 1 (ExRate,i,t−1),
i.e. the value of the exporter’s currency per unit of the
importer’s currency, and export taxes in each exporting
country in time t− 1 (ExportTaxe,t−1). The vector C includes
the volume of soybean consumption in the importing country
(Consumptioni,t) and the exporting country (Consumptione,t)
in time t. We include country and year fixed effects to account
for any other price or quality variable that is place dependent
or time dependent but which we are not able to include due to
data limitations. In particular, country level differences in total
production capacity, transportation costs, and soybean purity,
protein content, or oil content should be captured by country
and year fixed effects. We also include country by year trends
in bi-lateral trade to account for path dependency in trade
relationships. The final econometric model is as follows:

Importsi,e,t = α + β1ExRatei,e,t−1 + β2ExportTaxe,t−1

+ β3Consumptioni,t + β4Consumptione,t

+ β5(GMe,t−1 × Importer)+ β6Exporter× Year

+ εi,e,t. (2)

Data sources are explained in table S1 (available at stacks.iop.
org/ERL/8/044055/mmedia). One limitation of the trade data
is that imports and exports are self-reported and countries may
purposefully or mistakenly misrepresent trade levels in official
data. Furthermore, import data may not account for re-exports.

3.2. Effects of quality preferences on supply chains and land
use

To analyse how preferences for non-GM soybeans are
influencing supply chains and land use in South America we
first identify how much land area is currently affected by
each certification program, by producer, state, and country.
We then interpret these data based on existing literature
about the soybean supply chain structure in each region.
Certification area data are collected through public reports
available on the ProTerra Foundation and RTRS websites
(proterrafoundation.org, responsiblesoy.org) for each certified
farm and through direct communication with representatives
of CERT-ID, ProTerra, and RTRS.

5

http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://stacks.iop.org/ERL/8/044055/mmedia
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.proterrafoundation.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org
http://www.responsiblesoy.org


Environ. Res. Lett. 8 (2013) 044055 R D Garrett et al

Table 2. Logistic regression results for model analysing soybean import behaviour between 1986 and 2010. The dependent variable is the
per cent of unprocessed soybeans an importer receives from each of the 7 major exporters included in this study each year. Model 1 includes
country year trends, while Model 2 does not. (Note: Standard errors are listed in parenthesis.)

Model 1 Model 2
Variable Estimate (SE) Estimate (SE)

log(EXCHANGE RATE) 0.18 (0.02)a 0.22 (0.02)a

EXPORT TAX −0.01 (0.01)b
−0.02 (0.01)a

log(CONSUMPTION IMPORTER) −0.14 (0.19) −0.15 (0.19)
log(CONSUMPTION EXPORTER) −0.01 (0.03) −0.01 (0.03)
GM PER CENT 0.75 (0.38)b 0.50 (0.39)
GM PER CENT:INDONESIA 1.51 (0.43)a 1.53 (0.45)a

GM PER CENT:THAILAND 1.00 (0.40)c 0.98 (0.42)c

GM PER CENT:EGYPT 0.88 (0.48)b 0.86 (0.49)b

GM PER CENT:MEXICO 0.71 (0.42)b 0.74 (0.43)b

GM PER CENT:JAPAN −0.29 (0.47) −0.29 (0.48)
GM PER CENT:NETHERLANDS −2.20 (0.45)a

−2.20 (0.47)a

GM PER CENT:GERMANY −0.50 (0.46) −0.57 (0.48)
GM PER CENT:SPAIN −2.27 (0.47)a

−2.44 (0.48)a

GM PER CENT:ITALY −3.20 (0.51)a
−3.44 (0.52)a

GM PER CENT:BELGIUM −2.81 (0.52)a
−2.98 (0.54)a

Country fixed effect Yes Yes
Year fixed effect Yes Yes
Country year trend Yes No
Psuedo R2 0.70 0.69
No. of observations 1848 1848

a Significant at 1% level. b Significant at 10% level. c Significant at 5% level.

4. Results

4.1. Effects of quality preferences on trade patterns

Our statistical model confirms the influence of preferences
for non-GM soybeans on bi-lateral soybean trade patterns.
We found a significant negative relationship (p < 0.05)
between GM soybean area in each exporting country and
import behaviour by four of the countries with strong
non-GM preferences7 (Netherlands −2.2 [−3.1,−1.3],8

Spain −2.3 [−3.2,−1.4], Italy −3.2 [−4.2,−2.2], Belgium
−2.8 [−3.8,−1.8]), after controlling for changes in the
exchange rates, export taxes, and unobserved variables in
each of these countries (table 2). We also found a positive
relationship (p < 0.10) between GM soybean area in the
exporting countries and import behaviour by countries that
have not expressed a non-GM preference (China 0.75 [0.0,
1.5], Indonesia 1.5 [0.7, 2.3], Thailand 1.0 [0.2, 1.8], Egypt
0.9 [−0.1, 1.8], Mexico 0.7 [−0.1, 1.5]). GM soybean area
in the exporting countries had no statistically significant
relationship with import behaviour by Japan or Germany.
Exchange rates (i.e. the rate of exchange between the
exporter’s and importer’s currencies) had a significant positive
relationship (p < 0.01) with imports to all countries (0.18
[0.13, 0.23]), while export taxes had a significant negative
relationship (p < 0.10) with imports to all countries (−0.01
[−0.03, 0.00]).

7 Importers with ‘strong non-GM preferences’ are countries where 70% of
consumers have reported a preference for non-GM soybeans in consumer
opinion polls.
8 Estimate [95% CI].

Table 3. Certified soybean area by program and country. Data for
ProTerra and RTRS compiled from proterrafoundation.org and
responsiblesoy.org. Data for non-GM obtained through personal
communication with CERT-ID.

Country
Cert-ID non-GM
(HA)

ProTerra
(HA) RTRS (HA)

Argentina — — 123 687
Bolivia — — —
Brazil 4295 000 1100 000 230 768
Paraguay — — 2765
Uruguay — — 372
Canada 20 000 — —
China 8000 — —
India 1000 000 — 29 801
United
States

54 000 — —

4.2. Effects of quality preferences on supply chains and land
use

Brazil produced the majority of the globally certified non-GM,
ProTerra and RTRS soybeans in 2012: 4.3 million tons of
certified non-GM soybeans, while India, China, the US,
and Canada together provided less than 2 million tons
(table 3). Approximately 79% of Brazil’s certified non-GM
soybeans were also certified under ProTerra standards for
environmental and social responsibility. We found that 59%
of the 1 million tons of RTRS certified soybeans were
produced in Brazil, 32% in Argentina, and 1% in Paraguay
and Uruguay, taken together. The remaining 8% of RTRS
certified production came from India. None of the farms
certified under the RTRS standard were certified as non-GM.

All of the ProTerra certified farms are located in Mato
Grosso, Brazil, except for two sourcing regions in Goias who
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Figure 3. Total certified area of RTRS soy by state and country in
2012. BR = Brazil, AR = Argentina, PR = Paraguay. Uruguay,
which has less than 400 ha of certified area is not included. Data
source: reports published by RTRS (responsiblesoy.org).

supply to the processor and trader Caramuru. A majority of
the RTRS certified farms are also located in Mato Grosso,
but there are certified farms scattered throughout Argentina
and the Centerwest and Northeast regions of Brazil (figure 3).
Grupo Maggi owns and sources the largest area of RTRS
soy, followed by Vanguarda (table S3 available at stacks.
iop.org/ERL/8/044055/mmedia). Paraguay and Uruguay each
have one RTRS certified farm. The ports certified under the
ProTerra standard are located in Santos (São Paulo) and
Paranaguá (Paraná), in the South of Brazil, and Itacoatiara
(Amazonas) and Porto Velho (Rondônia), both in the North
of Brazil in the Amazon. Both of the Amazonian ports are
controlled by Grupo Maggi under the company Hermasa
Navegação da Amazônia SA.

5. Discussion

5.1. Effects of quality preferences on trade patterns

The statistically significant negative relationship between an
exporter’s production of GM soybeans and imports by the
Netherlands, Italy, Spain, and Belgium provides empirical
evidence that quality differentiation based on the presence of
GM materials plays an important role in trade between South
America and Europe; especially since these four countries
serve as a major gateway for imports into the rest of Europe,
providing soybeans to numerous other countries with non-GM
preferences. This result differs substantially from previous
trade models that assume that market expansion and relative
prices are the main determinants of import behaviour [32, 42].
While it is possible that the negative relationship between
GM usage and imports in the Netherlands, Italy, Spain, and
Belgium reflects some underlying factor that we did not
measure, we have minimized this possibility by incorporating
country year trends. For example, Brazil’s steady increase in

import share in many countries over the last two decades is
captured by a country year trend, but the degree to which
Brazil has increased its import share faster in countries with a
strong non-GM preference versus other countries is explained
statistically by Brazil’s level of non-GM soybean production
rather than by changes in prices. More specifically, we find
that the Netherlands, Italy, Spain, and Belgium increased
imports from Brazil and simultaneously decreased imports
from the United States, even as Brazil’s currency increased
in value in the late 2000s, which should have made Brazilian
soybean producers less competitive than their North American
counterparts on a pure cost basis (figure 4). In particular,
note that the increase of the value of the Brazilian currency
relative to the US Dollar and Argentine Peso should have
made Brazil less competitive in European markets, if not for
their advantage in non-GM production (figure 5).

In contrast, China and other non-European importers
increased their import share from the United States as the
Brazilian Real appreciated against the US Dollar. The lack
of a significant negative relationship between Japan’s import
behaviour and GM usage in North and South America is
potentially explained by the fact that Japan also imports
non-GM soybeans from China. The non-significant finding
for Germany is likely related to the large amount of soybeans
that Germany imports from the Netherlands (>1 million
tons). Thus, Germany’s import response to changing non-GM
availability may be partially captured in the coefficient for the
Netherlands.

This redistribution of soybean trade partners by the
Netherlands, Italy, Spain, and Belgium amounts to a
substantial volume of trade, even if these importers are small
compared to China. These four EU countries increased their
imports of Brazilian soybeans by 3 million tons and decreased
their imports of United States soybeans by nearly 5 million
tons between 1986 and 2010. Total exports to the Netherlands,
Italy, Spain, and Belgium now account for 12% of raw
soybean exports from Brazil, contributing to the need for
Brazil to expand soybean area to supply to both European and
Chinese markets. Thus, even though preferences for non-GM
soybeans only affect a small proportion of the global market,
they do have substantial land use consequences in terms of
total area devoted to soybean production in Brazil.

5.2. Effects of quality preferences on supply chains and land
use

Our study finds that farmers’ ability to adopt eco-certifications
is related to the local supply chain structure. First,
Brazil is the world’s largest producer of both non-GM
and ‘environmentally responsible’ soybeans; furthermore,
ProTerra and RTRS certified farms are clustered in Mato
Grosso (Brazil). Finally, Brazilian producers have adopted
ProTerra certification, the stricter of the two standards
(ProTerra prohibits GM seeds and requires traceability from
farm to fork), over a larger area than RTRS certification,
while Argentinian (and to a lesser extent Paraguay and
Uruguayan) producers have only adopted the less demanding
RTRS certification.
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Figure 4. Annual soybean trade by each major importer included in study from 1990 to 2010 (excluding Egypt for space). Data sources
listed in table S1 (available at stacks.iop.org/ERL/8/044055/mmedia).
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Figure 5. Non-GM soy area (as a proportion of total soy planted area) and exchange rates (measured as the value of the domestic currency
per US dollar) in each exporter included in study from 1990 to 2010. Data sources listed in table S1 (available at stacks.iop.org/ERL/8/
044055/mmedia).

Mato Grosso is the largest and earliest producing region
of certified non-GM soybeans in South America; traders in
this region have long possessed the infrastructure needed
to segregate, trace, and test the physical quality of local
soybeans. In contrast, Argentina, Paraguay, and Uruguay
no longer produce non-GM soybeans and lack segregation
infrastructure. Since the ProTerra certification provides a
higher premium than the RTRS certification, we would expect
most farmers to opt for this certification, provided that
they meet the criteria. However, ProTerra’s prohibition of
GM seeds and requirement of traceability is infeasible for
producers who lack access to segregated supply chains and
where contamination is a common risk. The RTRS standard
allows both GM and non-GM production systems and
soybeans can be sourced through mass balance accounting or
certificate trading in the supply chain, so this certification is
more feasible for producers outside of Brazil.

The advanced soybean supply chains of central Brazil
are well illustrated by the case of the Brazilian soybean
agribusiness giant Grupo Andre Maggi, which produces
non-GM soybeans certified by the ProTerra Foundation and
was the first company to have farms certified by the RTRS in
Mato Grosso, Brazil [43]. Over the last decade Grupo Maggi,
which controls 18% of the market in Mato Grosso [44], has
continued to produce non-GM soybeans on its farms, has
certified multiple nodes in its supply chain with the CERT-ID
certification, and has maintained private ports specialized
in non-GM soybeans. These ports, located in Itacoatiara,
Amazonas and Porto Velho, Rondônia, allow for a direct
shipping route to Europe through the Amazon river [45, 46].
This vertically integrated export pathway not only prevents
GM contamination, but also reduces the costs of segregation
and aids traceability.

6. Conclusion

While most studies focus on the negative environmental
impacts of globalization, this study provides empirical
evidence that the impacts of globalization depend on the
trade relationships that emerge from increased integration.
On the one hand, globalization has contributed to an overall
expansion of soybean production in sensitive biomes by

linking producers in those regions to distant consumers. On
the other hand, globalization has led to the development
of a bifurcated soybean market, reflecting different quality
preferences. In the differentiated market, consumers demand
products with lower perceived risks (non-GM) and improved
environmental sustainability (‘forest friendly’). In the mass
market consumers have no preference about how soybeans are
produced. Producers who have access to supply chains that
can verify and segregate ‘high quality’ soybeans through the
supply chain can take advantage of the differentiated market,
while producers who do not have access to these supply chains
must sell into the mass market.

Brazil’s historical provision of non-GM soybeans to
Europe has promoted the development of segregated supply
chains in that country, which has in turn facilitated access
to the differentiated market for more environmentally
sustainable soybeans. Access to the differentiated market
has increased opportunities for European consumers to
influence Brazilian land use through premiums for specific
management practices. This has introduced new incentives to
reduce deforestation associated with soybean production and
new opportunities to increase transparency about production
practices and compliance with existing laws on Brazilian
soybean properties. In contrast, other South American
countries that did not develop segregated supply chains for
non-GM soybeans now face smaller opportunities to access
niche markets in Europe. This supply chain limitation is
only now being remedied through the development of unique
marketing mechanisms that do not rely on segregation (mass
balance and credit trading). However, these mechanisms will
not be suitable solutions for consumers who want both
environmentally responsible and non-GM soybeans.

Thus, without denying the perverse environmental
impacts of soybean expansion in fragile ecosystems, the
Brazilian case illustrates how a country can take advantage
of international differences in consumer preferences to build
a competitive advantage around ‘sustainable’ production.
The ability of Brazilian soybean producers to develop this
green image was particularly important for protecting trade
relationships with Europe, given previous campaigns by
Greenpeace in 2006 to promote the image of Brazilian
soybeans as ‘eating up the Amazon’. Ironically, other South
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American soybean producers who are not located in the
Amazon biome have been less able to tap into niche markets
for responsible soybeans.

It remains unclear whether the demand for (and
production of) environmentally responsible and non-GM
soybeans will remain coupled in the future and whether or
not either of these preferences will become mainstream. In
the Spring of 2013, an exceptionally high soybean harvest
in Brazil overwhelmed the storage and segregation capacity
of supply chains, which led to a decision by some soybean
traders to stop separating GM and non-GM beans. As a
result, the European poultry feed industry had to accept GM
soybeans on short notice and the non-GM stock was redirected
towards foods that are consumed directly by consumers. The
feed industry aimed to alleviate retailers’ concerns about
consumers’ reaction to GM feeds by replacing non-GM
soybeans with soybeans that meet broader environmental
sustainability criteria. This ‘sustainable soy for non-GM
swap’ in the feed sector has increased Europe’s demand for
soybeans associated with zero net deforestation and produced
on legally occupied land, among other criteria. It is not
clear whether consumers of poultry products will continue
to accept this substitution in the future, but this development
does align with recent commitments by a number of large
soybean importers in Europe, including the Dutch Sustainable
Soy Initiative, the Belgian Platform on Responsible Feed,
Waitrose, and Nutreco to purchase 100% of their soybean
imports from RTRS certified farms by 2015, accounting for
a total demand for responsible soy of 5 million tons (about
half of the size of the current non-GM soybean market) [47].
This demand increase could stimulate a broader adoption of
RTRS certification criteria in South America beyond currently
low levels, but its impact will be limited given the small
size of the European market relative to China. However,
in the last year Chinese consumers also expressed interest
in importing certified non-GM soybeans, mainly to address
domestic concerns about food safety and traceability (49).
If these concerns become a reality, then the production of
traceable, non-GM soybeans in South America could increase
exponentially given China’s huge market share.

While we have discussed participation in certification
programs and theoretical opportunities for improved sus-
tainability, the question remains as to what effect these
emerging eco-certification programs are actually having on
the environment and sustainable development. On the one
hand, the availability of financial incentives (premiums)
for protecting remaining forests, restoring riparian areas,
reducing on-farm greenhouse gas emissions, and controlling
erosion should stimulate adoption of these practices. RTRS
and ProTerra’s requirements for compliance with existing
environmental regulations and independent verification of
production practices through third-party auditors should
improve local environmental governance of the Brazilian
soybean sector. Furthermore, ProTerra’s requirement of
traceability from farm–fork can promote transparency about
the location and impacts of soybean production. On the
other hand, it is possible that eco-certifications are rewarding
producers who historically deforested land (thus had few

incentives for new deforestation) and comparatively disadvan-
taging smallholders who do not have the knowledge or capital
to become certified. Exclusion from certification mechanisms
may also create incentives for non-certified producers to
reduce their conservation initiatives if they are not being
rewarded for their efforts. Additional research is needed
to better understand these processes, since participation in
eco-certification programs is poised to increase in the future
with growing commitments from major European consumers.
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