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Abstract: The global food market makes international players intrinsically connected through the
flow of commodities, demand, production, and consumption. Local decisions, such as new economic
policies or dietary shifts, can foster changes in coupled human-—natural systems across long distances.
Understanding the causes and effects of these changes is essential for agricultural-export countries,
such as Brazil. Since 2000, Brazil has led the expansion of soybean planted area—19 million hectares,
or 47.5% of the world’s increase. Soybean is among the major crop commodities traded globally.
We use the telecoupling framework to analyze (i) the international trade dynamics between Brazil
and China as the cause of the increased production of Brazilian soybean since 2000; (ii) and the
cascading effects of the Sino-Brazilian telecoupled soybean system for Brazilian maize production
and exports, with attention to consequences on domestic prices, availability, and risks associated
with climatic extreme events. Census-based data at state and county levels, policy analysis, and
interviews with producers and stakeholders guided our methodological approach. We identified
that the Brazilian soybean production decreased maize single crop production and accelerated maize
as a second crop following soybean, a practice that makes farmers more vulnerable to precipitation
anomalies (e.g., rainfall shortage). In addition, the two-crop system of soybean/maize pressures
the Brazilian maize market when unexpected events such as extreme droughts strike and when this
results in a failed maize harvest in the second crop, most of which is for domestic consumption rather
than export. Our study suggests the need to incorporate the telecoupling framework in land use
decision-making and understanding landscape changes.

Keywords: soybean; maize; global trade; telecoupling

1. Introduction

International agricultural commodity trading trends have shaped the food production landscapes
in recent years. From the 2000s, the volume of the world’s agricultural exports increased 60 percent [1],
embracing many developing countries in South America and Asia into the international agricultural
business [2]. The domestic pressure on food production in many countries has been “outsourced”
to foreign countries. For instance, the arable land requirement for Brazil to feed its population did
not show a significant increase [3], yet the expansion and intensification of agricultural lands during
the past two decades led Brazil to be one of the world’s major food exporters. Meanwhile, China has
become an important market for these food commodities [4]. The observed high rate of rural to urban
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migration fluxes in China [5] increases crop demand due to the change of population structure and
consumption demand, especially for more livestock food sources [6].

These international flows of agricultural commodities have impacts on many aspects of both
importing and exporting countries, including land-use changes, deforestation, biodiversity loss,
economic growth and inequalities, social effects (i.e., displacement of smallholders, livelihood
improvement in producing regions), and food security [2,7]. Among the many processes, cascading
effects are particularly important, but have rarely been addressed due to the lack of efficient tools
or adequate frameworks [8,9]. For example, although substituting gasoline with biofuels can reduce
greenhouse gas emissions, it drives up the price of biofuels, which contribute to the conversion of
native vegetation and pasturelands to new cropland worldwide [10,11], a phenomenon known as
indirect land use change [12,13]. Cascading effects, in the case of this study, are chain events caused by
the trade of one crop from one country to another country affecting other components (e.g., another
crop or ecosystem) in the sending system; however, cascading effects also exist outside the sending
system. There are few studies that investigate cascading effects caused by the international trade of
food commodities [8].

In this article, we address the question, “What are the cascading effects of a telecoupled
food-system on the sending system’s food markets and production?’. Under the telecoupling approach
(i-e., socioeconomic and environmental interactions over distances [9]), we use soybean trading between
Brazil and China as an example to understand cascading effects on the Brazilian agricultural system
(i.e., maize production and trade). The telecoupling framework, a new systems integration approach,
is a logical extension of research on coupled human and natural systems [9] in which interaction
occurs not just within particular geographic locations, but also addresses globalized, long-distance
and cross-scale system interactions. Among the major crop commodities, soybean is one of the most
important traded globally. Its global production increased 61% between 2000 and 2014 [14]. The major
players in soybean trading include China as the major importer that pushed Brazil to become the
largest exporter, together with the U.S., in the 2010s [15]; an international trade that, since the 2000s,
has become economically important to Brazilian agribusiness and for socioeconomic changes [7,15].

By following the flows of soybean in the telecoupling framework, we can systematically examine
the soybean exports and production dynamics, and bring awareness to the maize production as a
second-crop that emerged in Brazil (i.e., crop rotation with soybean as primary, and maize following
the soybean as a second-crop, two crops year-round); particularly, the associated risk with this strategy.
In this article, we analyze the cascading effects of the Brazil and China telecoupled soybean system on
the Brazilian maize exports and production system, and its consequences on the domestic prices and
availability of maize.

2. Materials and Methods

We address soybean trading between China and Brazil to demonstrate the cascading effect on
maize, using the telecoupling framework as a methodological approach.

2.1. Telecoupling Framework and the Telecouled Soybean System

To understand environmental and socioeconomic sustainability, an integrated analysis of the
interactions between the environmental and socioeconomic dimensions across multiple coupled human
and natural systems is required [16]. The telecoupling framework is used to analyze such interactions
between Brazil and China [9,16]. The components of the telecoupling soybean system are presented
in Table 1. The receiving system represents the region where the flows converge, while the sending
system is the one where the flows come from [9]. Among the soybean import and export flows between
China and Brazil, China is the receiving system, while Brazil is the sending system, given its role as a
soybean exporter to China.



Land 2017, 6, 53 30f 19

Table 1. The five components of the Brazil and China telecoupled soybean system.

Components  Sub-components Characteristics
Sending system - Agribusiness in Brazil
Systems Receiving system - China’s soybean demand
Spillover system - Agribusiness in Argentina
Fl Material - Soybean export
ows Information - Trading information
Chinese government - Import policy
Chinese consumers - Dietary habits
Brazilian research institutes - Development of the tropical agriculture
Acents Brazilian government - Farm credit policy, Agricultural development policies
& Brazilian producers - Decision on grain production
Brazilian Producer associations - Lobbying, information flows to producers
Seed producer companies - Seed varietal development and management packages
Traders - Logistics, credit
Economic - Increasing soybean demand in China

- Shifting in China’s import policy: preference to Brazil
over U.S.

Causes Political - Brazilian farm credit policy
- Brazilian Cerrado development policy
Technological - Brazilian agricultural development
International - Brazil became the No.1 soybean exporter
National - Land use dynamics and maize as a second-crop
Effects ationa - Food price and security
Regional - Agricultural intensification

- Native vegetation fragmentation

2.2. Research Area and Data

We compiled a historical multisource dataset (Table 2) from government agencies and research
institutes in the two systems: the sending system (Brazil) and receiving system (China). Given the
Brazilian agricultural land-change history, this research developed a multi-level analysis from the
country to the region including two soybean producer states in the Cerrado: Goids in the Central-West
and Tocantins in the North (Figure 1a). The latter is also part of the recent so-called region of
MATOPIBA, which includes portions of the States of Maranhao, Tocantins, Piaui, and Bahia). The vast
majority of both the states of Goias and Tocantins is located within the Cerrado biome (Figure 1b).

Table 2. Data used in this study.

System Variables and Data Gathered Level Time Period Source
.. - Soybean imports and other grains National 1994-2015 USDA
Receiving system China Statistical
(China) - Dietary change (i.e., meat consumption) National 1994-2015 Yearbook
- Soybean exports National/State 1997-2016 AGROSTAT
- Soybean production National/State 1977-2016 CONAB
- Maize exports National 1977-2016 USDA
Sendine system - Second-crop maize production National/State 1980-2016 CONAB
(Brgazi};) - Maize single crop production National/State 1977-2016 CONAB
- Dietary change (i.e., meat consumption) National 1977-2015 USDA
- Internal fodder demand National 1977-2016 USDA
oo . S . CBOT,
- Maize international and domestic prices National 2009-2016 ESALQ/BM&FBovespa
- Qualitative data (interviews) National/State 2016 Fieldwork
Spillover system - Brazil maize imports from Argentina National 2000-2016 AGROSTAT

(Argentina)
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Figure 1. The Brazilian maps highlight: (a) the two States where fieldwork and other data analyses
were conducted; (b) the biomes distribution over the territory, and the Maranhao, Tocantins, Piaui, and
Bahia (MATOPIBA) region.

These two states have developed soybean production in different periods of the agricultural
history; Goids since the 1970s, and Tocantins in the 2000s. Thus, comparing these two realities
contributed to understanding the telecoupled consequences of the international market of food
commodities (i.e., export flows from Brazil and import flows of China) over the agricultural system
(e.g., producer regions, land change, two-crop non-tillage system). Goias is an established producer
state with a well-developed two-crop non-tillage system (i.e., mainly soybean and maize). More
than thirty years of large-scale grain production, high internal demand of grain by the food and feed
processing industry, and China as the major soybean buyer are characteristics of the system. Tocantins
has developed as a soybean producer since the 2000s in a different global context, pushed primarily by
the international rather than by the internal demand. It followed a similar land management system
as Goias, but fewer producers adopted the two-crop non-tillage system with soybean and maize.
Tocantins is a region of cropland expansion and also has China as its major soybean buyer. Both states
have pasturelands as their major land use, and Goids has the second largest sugarcane planted area
after Sao Paulo state, which eventually has replaced soybean planted areas in recent years [17].

Tocantins still has 72% of its territory covered by native vegetation in the portion within the
Cerrado biome (which accounts for 91% of the State’s territory), while Goias has 41% [18]. While Goids
has well-developed industry and service sectors and a total population of 6.5 million inhabitants [19],
Tocantins is an emerging economy in Brazil with a high dependency on agribusiness and a population
of 1.38 million inhabitants [19]. The multi-level analysis allows a comprehensive perspective of the
sending system, which is key to understanding its heterogeneity and similarities, as well as identifying
the extent of causes and their cascading effects.

Between 22 June and 12 August 2016, we conducted fieldwork in the states of Tocantins and
Goias to collect qualitative data for the study of soybean and maize production systems, market and
supply chains. Fieldwork included thirteen interviews with farmers (seven from Tocantins, six from
Goias), seventeen interviews with representatives of the soybean and maize producers and government
agencies, and attendance at a meeting with agribusiness consultants in the well-developed agricultural
region of Cristalina, state of Goids. Using a semi-structured questionnaire, we considered farmers’
stories about the soybean and maize production systems, future scenarios, incentives for production
and how farmers behave according to price and market demands.
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To approach the interviewees, we previously set up appointments in the national capital of
Brasilia with the Brazilian Agricultural Research Corporation (Embrapa), Soy and Maize Producers
Association (Aprosoja Brazil) and with the National Company of Food and Supply (Conab). Then,
using a snowball sampling approach [20], we reached out to State groups, like Aprosoja Tocantins
and Aprosoja Goias, as well as the Agricultural Confederation of each State and other State agencies.
Finally, we reached soybean farmers in both states.

3. Brazil and China Telecoupled Soybean System

This section presents the main policies and historic events in China which boosted its internal
demand of soybean and placed the country as the major soybean buyer in the world. Consequently,
Brazil, already engaged in soybean production for internal demand and diffuse international markets,
boosted its planted area expansion and production to achieve a competitive position in the emergent
soybean international market, driven by the Chinese demand.

3.1. The Dynamics of Chinese Soybean Imports: Receiving System

China has been the country purchasing the majority of Brazil’s soybean exports (over 50%) since
2009 [21]. Based on the trading amount and its increasing rate, the soybean import trend of China was
divided into three periods: before 2000, between 2000 and 2004, and after 2005. Figure 2 displays the
dynamics of soybean imported and domestically produced in China.
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Figure 2. China’s soybean production and import, and critical time points. Each arrow in the figure
highlights a key event in the Chinese policy or economy with impact on soybean imports (see text for
details). Data source: [22,23].

Being a net soybean exporter until 1993, China started to import soybean in a large scale in 1995
(arrow 1, Figure 2). The Chinese government adjusted the soybean importing policies due to the low
yield in 1995 and 1996: the regular tariff for import was 180%, the discount tariff was 40%; however,
the tariff, if within quota, was only 3% [24,25] (arrow 2, Figure 2). China’s imports of soybean reached
4.3 million tons in 1999, which was only a third of that year’s domestic production, but 86 times its
import quantity in 1995.

A chain of events that placed China in the soybean import pathway marks the beginning of the
twenty-first century. The cancellation of a quota limitation in 2000 (arrow 3, Figure 2) and China



Land 2017, 6, 53 60f 19

joining the World Trade Organization (WTO) in 2001 (arrow 4, Figure 2) stimulated the import of
soybean to a historical level, when the import (13.9 million tons) almost matched China’s domestic
production (15.4 million tons) for the first time. The promulgation of the management mode policy
and regulations of genetically modified (GM) food by the Ministry of Agriculture in China in 2002
caused a pause in soybean trade between China and U.S. for a short period [26] (arrow 5, Figure 2).
A similar fluctuation happened again in 2003 and 2004; however, the imported soybean amount still
reached 26.6 million tons in 2005 (arrow 6, Figure 2), which was also the first time that China became
the top country in soybean imports and exceeded the total amount of the countries in second and third
places (i.e., the Netherlands and Spain).

China soybean imports have grown almost threefold (i.e., from 28.2 million tons to 71.4 million
tons) from 2006 to 2014, with an annual average increase of 5.4 million tons. The annual growth itself
is four times Tocantins’ total soybean production in 2014; in other words, 6% of Tocantins’ land would
have to be converted to soybean to fulfill this demand increase every year (based on a yield of 3.03 tons
per hectare). Despite soybean being a traditional crop, many Chinese farmers have lost motivation to
grow soybean due to lower competition capacity in price and government policy incentives that favor
maize cultivation in China.

Joining WTO opened China to international agricultural trading; however, only soybean growth
is exponential. The monetary value of primary products imported by China increased 26 times from
24,417 million dollars in 1995 to 646,939 million dollars in 2014 [27]. The increase of soybean amount,
however, was 243 times during the same period. The other grains imported by China (i.e., wheat,
rice, maize) do not come close to the increases seen for soybean (i.e., from 11.6 million tons in 1994 to
19.5 million tons in 2014) and with a standard deviation of up to 5 million tons every year.

The annual growth in the absolute quantity of China’s imports increased from 853 thousand
tons in the period of 1994-1999 to 4.97 million tons in 2005-2014, which is an almost six fold increase.
The exports from the U.S. to China have a similar pattern, as the annual growth rate increased from
370 tons in the first period (1994-1999) to 2.37 million tons in the third period (2005-2014). Nevertheless,
China has been increasing its soybean imports from Brazil, with an annual growth rate in the third
period (2005-2014) 22 times bigger than the previous one, or about 124 thousand tons per year during
1994-1999. Gradually, Brazil matched the dominance of the U.S. in China’s soybean imports. In 2014
(arrow 8, Figure 2), the share of Brazil and the U.S. in China’s soybean market were similar, or 45.7%
and 43.1%, respectively.

The decline of China’s total soybean imports after 2005 happened in 2011 (arrow 7, Figure 2),
with a reduction of 2.1 million tons largely caused by the reduction (3.6 million tons compared to the
previous year) from the U.S. To stabilize the trading, the U.S. and China signed a purchase contract
of 8.6 million tons of soybean during an Agricultural Symposium in 2012. Over the years, there
is no negative oscillation in the Brazil-China soybean trading volume compared to the U.S-China
trading pattern.

First grown in China, soybean has always been one of the major crops in the country. Domestically
produced soybean is directly destined for human consumption, which counts for approximately 80%
of the total production. However, the low competition capacity of Chinese soybean (e.g., small farming
scale) drives a reduction of total planted area and production. The shrinking domestic production
combining with the increasing demand represents a growing opportunity in the international market.

The Dietary Habit Change Driving the Increase in Soybean Demand

Soybean can be used in many ways, including direct consumption (i.e., tofu, soy milk, and
bean sprouts), and “crushed” products (i.e., soybean meal and soybean oil). The majority of soybean
imported from Brazil and U.S. are used for extracting soybean meal as feedstock for swine, poultry, and
cattle, to meet the shift in dietary habits among Chinese citizens [28]. Besides the population growth,
China has experienced an explosive growth of the middle-class and associated purchasing power in
the past decades [29], which has caused a notable shift in dietary habits, favoring meat, milk, and
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egg products. The consumption of beef and poultry in China has doubled, 2.14 times and 1.85 times,
respectively, during the period of 1994-2014. The growth average worldwide, in the same period, was
only 1.48 and 1.03-fold. The average consumption per capita per day in China of both poultry and beef
in 2014 is still lower than in the world generally (Table 3). The daily per capita consumption of pork
has increased from 73 g in 1994 to 115 g in 2014, while the world average increased from 40 gto42 g
(Table 3). This is largely affected by the Chinese average, as this number will be reduced from 28.2 in
1994 to 27.1 in 2014 when excluding China. The total meat consumption in China is 155 g per capita
per day, which is still much lower than developed countries (i.e., 262 g per capita per day), but it is
beyond the recommended quantity by health organizations [30] and it will become substantial when
multiplied by the number of the Chinese population.

Table 3. Daily per capita meat consumption and its changes, China and world average. Data
source: [31,32].

Daily Consumption  Daily Consumption 1994-2014 Absolute 1994-2014 Relative

in 1994 (Grams) in 2014 (Grams) Increase (Grams) Increase (100%)

Meat Type China World China World China World China World
Poultry, broiler 14.0 25.5 26.0 37.8 12.0 12.3 18.3 14.8
Beef and veal 7.0 26.8 15.0 27.7 8.0 0.8 20.9 10.3
Swine 73.0 40.0 115.0 41.9 41.0 1.9 15.6 10.5
Total 94.0 94.8 155.0 113.2 61.0 18.4 16.4 11.9

Using the average food conversion rate for poultry, beef, and swine [33], as well as the crush
percentage from soybean to soybean meal (i.e., 80%), approximately 366.2 million tons of soybean
were demanded to raise animals for Chinese consumers in 2014, 171.9 million tons more compared
to 1994 (Table 4). This amount of soybean was almost the entire production imported from both the
U.S. (106.8 million tons) and Brazil (86.12 million tons) in 2014. By 2022, an additional 8% of the urban
population will enter the middle class compared to the 68% in 2012 [29]. The USDA projects a 30%
increase in swine, poultry, and beef consumption in China in 2024, which enables an expanding market
of soybean and other grains.

Table 4. Increasing demand for soybean based on meat consumption in China. Data source: [31,32].

Meat
Chinese Meat Consumption
Poultry, Broiler Beef and Veal Swine Total

1994 consumption (1000 tons) 6100 3036 31,867 41,003
2014 consumption (1000 tons) 12,830 7277 57,195 77,302
1994-2014 absolute increase (1000 tons) 6730 4241 25,328 36,299

19942014 relative increase (%) 210 240 179 189

Food Conversion Rate 1.6 6 4

Increase of soybean needed 1994-2014 (1000 tons) 13,460 31,808 126,640 171,908

(assuming all feed by soybean meal)

3.2. The Dynamics of Brazilian Soybean Exports: Sending System

Brazilian large-scale agriculture and livestock production are economic activities developed
through the modernization of traditional practices, including the adoption of mechanization, fertilizers,
biological nitrogen fixation, and the non-tillage system, and has attracted the development of an
industrial chain to support the needs of this economic activity [34]. Focusing on production for local
and international markets, the soybean expansion in Brazil followed the South to North pathway,
beginning in the States of Rio Grande do Sul (Pampa biome) and Parana (Atlantic forest biome) in the
1910s. Since the 1970s, soybean fields expanded to the Central-Western region of Brazil (Cerrado and
Amazon biomes) [7]. After the 1980s, the Cerrado was consolidated as the modern agricultural frontier
(i.e., high productivity, large-scale farming) [35]. Finally, the soybean expanded to specific portions of
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the Amazon region in the 1990s and more recently, efforts were made to develop the MATOPIBA region
within the Cerrado biome [36]. The soybean planted area of 2015 in Brazil accounted for 32.2 million
hectares, 3.8% of the country’s territory.

The hardening of export rules in the U.S. during the 1970s, after a shortage of soybean stocks
for internal consumption, provided an opportunity for the emerging Brazil soybean exports, which
quickly found a growing niche in both Europe and Asia [15].

The state of Tocantins, a newer soybean-producing region with around fifteen years of continuous
expansion, has demonstrated the impact of the international market in the region. The production
increased 1668% between 2000 and 2015, from 138 thousand tons to 2.45 million tons. The gross
production value (GPV) of soybean in Tocantins was of 631 million US Dollars in 2015, 205% higher
than in 2005—the soybean GPV of 2015 represented 71% of the total GPV for the agricultural production
of Tocantins. This increase in soybean production and value added is the result of an increase in the
Chinese demand for soybean, according to local producers interviewed during fieldwork in 2016.
In 2015, 64% of the total soybean produced in Tocantins was exported (in natura), 36% only to China
(890 thousand tons) and 28% to many other countries (e.g., Spain) (Figure 3).
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Figure 3. Export destinations of soybean produced in Goias and Tocantins, Brazil (AGROSTAT,
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Supplementary Material S1).

Soybean comprise 38% of the rural economy of Tocantins and play an important role in the
state’s finances. This dynamic development attracted the attention of the commodity traders, and the
largest commodity trading companies have already built storage facilities and commercial offices in
the state. The stakeholders interviewed during fieldwork argued that the soybean business boosts
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local development and is pushing the modernization of logistics in the region. Soybean producer
regions have benefited from improvements in local transportation, health and education infrastructure;
however, these have not been translated to better income distribution [7]. Despite the economic
importance to the state of Tocantins, only a minimum portion of the grain is industrialized (aggregating
more value to the state’s internal production chain). In the state of Goias, around 37% is exported
(Figure 3), remaining as an important fraction of the total production to the state’s internal demand.
Goids has a better-developed industrial chain to transform the soybean into animal feed and other
products, which aggregates more value to the state’s revenues.

As an agricultural commodity exporter [8], Brazil increased 378% the soybean planted area
between 1977 and 2016, with a 65% increase in productivity (i.e., production per hectare) [37]. However,
from 1977 to 2000, soybean planted area increased 96% with 57% of an increase in productivity, while in
the period after (2000-2016), the planted area increased 144% with only 9% of gains in productivity [37].
The second period (2000-2016) is when China became the major soybean importer. Brazil is leading
the soybean planted area expansion with 19 million hectares since 2000, or 47.5% of the world’s
increase—i.e., 40 million hectares [38]. The increase in productivity was key to maximize the farmers’
profits and represent the main target of farmers in agricultural consolidated areas such as Goias,
given the higher land prices and lower land availability in traditional producer regions within the
state, according to local producers interviewed during fieldwork. Since 2000, when Goias started
the soybean exports to China (Figure 3), the cropland increased 113% until 2016 with 15% gains in
productivity [37]. During the previous period (1977-2000), the State increased its planted area by 2164%
with a 104 % increase in productivity [37]. Meanwhile, Tocantins experienced a 1219% of soybean
cropland expansion since 2000 with productivity gains around 38% [37]. Before 2000 (1987-2000),
Tocantins experienced an increase of soybean planted area of 135% with productivity around 25% [37].
According to the observations during fieldwork and from the famers” personal communications, the
competitive land prices and high land availability in Tocantins offer opportunities to new farmers
which are not possible in older agricultural frontiers. In Goias, farmers are focusing on maximizing
profits, keeping high standards of soybean productivity, and investing (capital and technology) in
maize as the second-crop. In Tocantins, farmers are investing in soybean planted area expansion and
productivity gains with less focus on the second-crop. There, farmers commonly adopt a less expensive
crop (e.g., millet) following the soybean harvest mainly to cover the soil, to produce organic matter,
and to keep soil humidity until the next season.

In Goias, the period of 1977-2000 reveals the modernization era of tropical agriculture in
the Cerrado biome, given the expressive gains in productivity and planted area. This era was
boosted by Federal Government development programs (e.g., POLOCENTRO—Program of Cerrado
Development), and by the role of regional public research agencies, as the Agricultural Research
Corporation of Goids (EMGOPA) and the Center for Agricultural Research in the Cerrado (Embrapa).
The success of soybean in the region promoted economic development, increases in farmers’
profitability, which further stimulated the soybean expansion. Tocantins in recent years (2000-2016)
represents a soybean production dynamic similar to Goids between 1977 and 2000. However, the
adoption of well-developed soybean varieties, management techniques, and the support of seed and
agro-chemical input companies, assured better productivity to Tocantins since 2000 (2100 kg per
hectare). Thus, Tocantins had the higher national rates of increase in soybean planted area (since 2000)
with productivity gains less than the observed for Goias, or even Brazil, during the period of soybean
expansion in the decades from the 1970s to the 1990s.

4. Cascading Effects on the Agricultural System and the Internal Market in the Sending Country

Brazilian agribusiness has contributed to the gross domestic product over the last decade. In 2015,
the sector contributed 46% (88 billion US dollars) of the total exports and 7% (13 billion US dollars) of
the total imports, a positive commercial balance of 75 billion US dollars [39]. However, sudden export
outbreaks, given the importer’s currency appreciation, may lead the exporter country to face impacts
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in the internal market supply [40]. Planted areas for commodity production may also convert existing
agricultural lands used for staple food, important for domestic market consumption and regulation [2].
The cascading effects are often nonlinear, and sometimes they take time to appear (e.g., time lag effects)
after the telecoupled flows are initiated [9,41,42].

4.1. Soybean and Maize: Two Crops, One System

When planted in a double crop system, maize production in Brazil is strongly connected to
soybean production through the supply chain, logistics, producer regions and farmers. The soybean
and maize markets in Brazil have interactions regarding land use (supply) or by the complementary
demand of animal feed [43], which creates an interdependent system where the soybean market affects
the maize exports and price [44]. The primary interest in soybean production, the infrastructure and
logistics developed for the soybean and the second-crop harvest—between June and September in
the Cerrado biome, unique among the main maize producers—facilitated the international market
pathway for this commodity. These important causes emerged from the telecoupled soybean system
that is leading to cascading effects over maize production and markets in Brazil. The transportation
costs in Brazil vary from the coastal producer regions (i.e. closer to ports) to inner continent regions,
with the highest costs in the inner continent with poor road and railroad infrastructure [45]. Thus, for
the maize production in Goias and Tocantins, the logistics developed for soybean have benefitted maize
exports in favorable windows of international prices when the devaluation of the Brazilian currency
increases the competitiveness of the Brazilian grain. The maize harvest season also increased the
importance of the Brazilian maize in the international fluxes of commodities, given its availability out
of the harvest season in China and U.S., between September and October. For producers, this market
dynamic encouraged the development of a risky agronomic activity [46].

4.2. Maize Planted Area and Maize as the Second-Crop

In 1998, the soybean cropland in Brazil surpassed the maize planted area (Figure 4). In 2011,
maize planted area in the second-crop (i.e., following the soybean in the non-tillage double crop
system, two crops year round) surpassed the maize single crop area (i.e., one single crop of maize
year round). Soybean replaced the most suitable maize areas, and maize farmers (commercial scale)
moved to soybean production [47]. Over a period of 25 years (1990-2015), the agricultural crop area in
Brazil, discounting maize (single crop and second-crop) and soybean planted areas, increased 3.7%;
however, maize single crop decreased 47%, and soybean and maize second-crop increased 178% and
174%, respectively [48]. Given the context of the Brazilian cropland expansion, the soybean expansion
features as the main driver to the decrease of the maize single crop planted area and its displacement
to second-crop status.

Decomposing the expansion dynamics of maize into two periods, before the exports to China
(1990-2000) and after (as in the Section 3.2 for the Brazilian soybean), the maize single crop decreased
18% (or 1724 thousand hectares) in the first period and it decreased 37% (or 3707 thousand hectares)
between 2000-2015 [49]. In these periods, the second-crop maize increased by 2389 thousand hectares
and 6642 thousand hectares, respectively [49]. During the expansion of soybean in Brazil, the soybean
production replaced maize single-crop given the global demand and prices for soybean; a very different
situation to the maize focused on internal markets and traded with less competitive prices than soybean.
The soybean price and the projections of future markets defined by the Chicago Board of Trade (CBOT)
keep a relatively stable market for the soybean with higher prices than maize, which increases the
confidence in the soybean production chain (e.g., traders and producers). These are characteristics
of the soybean market that pushed the Brazilian first-crop to soybean, conditioning the major maize
production to the second-crop.

The internal demand for maize production, its use as a food source, animal feed and, more
recently, for exports, pushed the development of short-cycle soybean varieties (maturing in 90-95 days)
to permit a second-crop. Given the short-cycle varieties, farmers produce maize as the second-crop in
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a tight window (planting date between the middle of January to the middle of February, on average).
The soybean production directly influenced the productivity increase of maize, given the incentives
and technologies applied into the soybean production chain [43].
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Figure 4. The graphics represent land-use changes from the one-crop system of predominantly maize
(maize single crop), to the two-crop system of soybean and maize as the second-crop. The left axis
shows the proportion (colored area) and the right axis shows the absolute production (lines) (Conab,
Supplementary Material S2).
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In Goias and Tocantins, maize second-crop planting starts in January, before the rainfall starts to
diminish in April, increasing the likelihood of water shortage during weeks or months when the crop
is vulnerable to droughts and high temperatures. Nonetheless, due to Brazil's size, this agricultural
practice has different planting and harvesting periods among producer regions. Figure 5 presents
usual dates for planting and harvesting soybean and maize in Goias and Tocantins. Second-crop is
considered to be a riskier agronomic activity given the climatic extreme events (e.g., precipitation
anomalies) associated with the shortage (amount of water) and regularity (frequency) of rainfall
during the second-crop growing season [50,51]. During the period associated with the second-crop
(Figure 5), according to the interviewed farmers, the rainfall tends to diminish in amount and frequency
compared to the period of growing soybean, putting maize production in a less favorable growing
season. However, farmers consider second-crop maize to be a feasible practice in response to historical
reasonable rainfall. From 2000 to 2015, the Brazilian productivity of this second-crop increased twofold
(from 2661 kg per hectare to 5761 kg per hectare). In 2016, farmers’ confidence level was shaken up
for the first time, especially in major producing regions located in Central-Western Brazil (e.g., Goias).
El Nifio-related events (i.e., decrease and abnormal distribution in rainfall during the second crop)
resulted in drastic losses of 30% in productivity and 22% in production (Figure 4). Together with the
increase of production costs for the second-crop, the financial damage for farmers became a matter for
serious concern.

Brazilian region Operation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Planting
Central-West (Goids)
Harvesting
Second-crop maize
Planting
North (Tocantins)
Harvesting
Planting
Central-West (Goias)
Harvesting
Maize single-crop Planting
North (Tocantins)
Harvesting
Planting
Central-West (Goids)
Harvesting
Soybean
Planting

North (Tocantins)
Harvesting

Figure 5. Planting (represented in green) and harvesting (represented in yellow) periods for soybean
and maize in Central-West and North regions of Brazil (Adapted from the “Calendario de Plantio 2015”
of the Brazilian Ministry of Agriculture).

4.3. International Prices and Market Effects on Internal Feedbacks in the Sending Country

The Brazilian dietary change since the 1970s to 2010s included an increase of meat consumption
(Figure 6), which fostered the national demand for maize-based animal feed, mainly for poultry.
The production of animal feed demanded around 87% of the internal maize production between 1977
and 2005, but a different share was observed between 2006 and 2016: around 67%. During this period,
the maize exports increased from 10% to 24% of the total Brazilian production, reaching a peak in 2015
of around 40% (Figure 6). Only in 2008, 2013 and 2014 did Brazil produce more maize than the national
demand (including maize for exports), putting pressure on the national stocks. Based on agribusiness
projections for 2024 [52], the Brazilian internal maize consumption will reach 64 million tons in 2024;
exports may reach 33 million tons, less than the 34 million tons exported in 2015, and the production
will increase 32%, reaching 102 million tons. These historical data and projections highlight the tight
production of maize in Brazil in the face of the country’s internal demand and for exports, creating a
competitive scenario of maize demand between the export sector and the Brazilian animal production
industry. In this scenario, price fluctuations, international demand, and weak governance over the
internal market supply may lead the sending country to face a sudden lower availability of grain and
high prices in the internal market.
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Figure 6. Brazilian national statistics for meat consumption and maize demand by the country’s
internal demand and for exports (USDA, Supplementary Material S3).

The recent valorization of the US dollar made Brazilian exports more competitive in the global
market [53] and stimulated the international trade of maize, given its higher profitability when
compared to the prices in the internal market. Abrupt import outbreaks induced by the devaluation of
the exporter’s currency or by the valorization of the importer’s currency may shift the food producers
in exporting countries from the domestic markets to international markets [40], pressing the internal
supply chain of the exporters. This imbalance between currencies in a globalized market promoted a
massive flow of maize exports from Brazil in 2015 (Figure 6) pushing the maize prices in the internal
market to an unprecedented level (Figure 7). The international price of maize affects the domestic
price in Brazil [44]. Before 2015, Brazil reached higher rates of maize exports in 2012 when the prices at
the CBOT (US Dollar, Chicago Board of Trade) were higher than within the Brazilian market (Brazilian
Real, ESALQ/BM&Fbovespa). In 2015, the situation happened again but with better exchange rates
for the Brazilian currency (Figure 7a), which favored the exports. During the period highlighted in
Figure 7a, the exchange rate between the Brazilian Real and the US Dollar reached historic peaks of up
to 4.05 Real per US Dollar.

Due to the high flows of maize exports in 2015 from Goias, the State government issued the
Decree no. 8548 in 2016 for the taxation of soybean and maize exports, previously free of export taxes
under the Kandir Federal Law (Law no. 83 of 1996 that exempts the taxation over the exports of raw
materials as food commodities). The State government proposed this measure to balance tax revenues
and to benefit the processing food industry of Goias. Processing industries suffered a shortage of maize
and price volatility since the beginning of 2016 due to the higher rates of maize exports. However,
the soybean and maize producer representatives of the State, and at the Federal level, positioned
themselves against this proposal, and the State Government pulled back. Governments may impose
export restrictions (e.g., export taxes) to finance their expenditures and to embolden the agribusiness,
which improve the domestic economy adding more export value to the processed products [40].
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Figure 7. Historical prices of maize traded in the Brazilian internal market (Luiz de Queiroz College of
Agriculture—ESALQ/BM&FBovespa) compared to the prices in the Chicago Board of Trade (CBOT).
The daily exchange rate between the Brazilian currency and the US Dollar was used to present the
value of one 60-kilo bag of maize (Cepea and CBOT, Supplementary Material S4).

The scenario of maize shortages and high volatility prices, not suffered exclusively in Goias
but also in other Brazilian states, boosted the production costs of animal protein in the internal
market, reflected in the higher price of meat. Maize represents around 70% of the costs of poultry [44].
The authors have predicted negative impacts over the competitiveness of animal feed production as
a side effect of the increases in Brazilian maize exports. Production costs of chicken increased 10%
between August 2014 and June 2015 in Brazil (5.35% pushed by nutrition, and 4.65% by transportation,
energy and other expenditures), while they increased 25.04% during the same months between 2015
and 2016 (25% pushed by nutrition, and 0.4% by other expenditures) [54]. The price of frozen chicken
meat for retail increased from 3.43 R$/Kg (Brazilian currency) to 4.17 R$/Kg between August 2015
and August 2016. Previously, between 2014 and 2015, the price was more stable—from 3.19 R$/Kg to
3.43 R$/Kg [55].

The losses in the production of maize as a second crop in 2016 represent around 22% of the
Brazilian production in 2015, an anomalous production year hampered by rainfall shortages [37]. In an
important producing region of Goids, the municipality of Rio Verde, farmers’ losses of maize reached
50 to 100% in some cases, as observed during fieldwork, conducted at the end of the harvest season
of the maize second-crop. The decision of farmers to produce two crops per year established maize
production in a less favorable period of rainfalls compared to the maize produced in the single crop
season, an unexpected side effect of the increased soybean production. Until the next harvest season,
beginning in June 2017, the expectation is for considerable flows of maize imports. The measure would
control internal prices through free taxation for the maize imports, and foster the implementation of
higher minimum prices (i.e., minimum price policy) to stimulate maize production and maize trade in
the internal market. In May 2016, the federal government issued the freed maize imports from taxation,
that used to be 12%, and the amount of maize imports for the same year in Brazil reached 2.9 million
tons (4.5% of the national production in 2016 [56]), an increase of 684% compared to the imports in
2015,. In this context, Argentina emerged as a maize exporter country to Brazil given the huge increase
of maize exports in 2016 compared to 2015, from 1.9 thousand tons in 2015 to 1.45 million tons in
2016 [56]. Thus, Argentina may be considered a spillover system under the telecoupling framework [9],
and more studies are needed to investigate how this spillover relationship affects the sending and
receiving countries under a variety of scenarios.
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4.4. Perspective

In this paper, we consider only one receiving system (China), although the telecoupling framework
accommodates two or more countries as receiving systems [57,58]. In the case of soybean trade,
multiple countries such as many in Europe also import soybean from Brazil [59]. When two or more
receiving systems are involved, there would be increased demand and competition among receiving
systems [60,61], thus potentially enhancing the cascading effects in the sending system.

Cascading effects occur not only in a sending system such as Brazil, but also in receiving systems.
For example, with more soybean from Brazil to China, many Chinese farmers have increased planted
areas for corn and rice while reducing or even abandoning soybean production [62,63]. It is expected
that, as meat demand continues to increase in China, there will be an increasing demand for soybean
from Brazil [28]. Such demand may further increase soybean production areas in Brazil while reducing
soybean production area in China [64]. Land use, ecosystem services and other environmental
aspects will also change accordingly. So far, Brazil has not considered specific farm policies or
environmental export taxes in response to environmental impacts of soybean trade between Brazil
and China. If export taxes are increased, the soybean price will likely rise and thus reduce the
competiveness of Brazil’s soybean.

5. Conclusions

The Sino-Brazilian telecoupled soybean system boosted the Brazilian expansion of soybean
planted area threefold from 2000 to 2016 in comparison with the planted area increase over the
previous 23 years. After the Brazilian engagement in the soybean international market with China, the
rates of soybean planted area expansion and exports accelerated, as well as the decrease of maize as a
single crop (planted area and production) and the increase of maize exports. This scenario consolidated
maize as the second-crop, planted after soybean in a non-tillage system. The increased production of
maize oversupplied the internal market consumption and positioned maize as a new commodity for
the Brazilian exports beginning in 2012.

Cascading effects analyzed in this study include (i) maize exports increased, putting pressure
over the country’s stocks and internal supply, which drove a historic maize shortage in 2015 after the
highest peak of exports boosted by the increased devaluation of the Brazilian currency in the same
year. Consequently, the prices of maize in the internal market reached its highest peak in 2016, inflating
internal prices for meat consumption, observed in the case of the increased costs of chicken production
and the price of frozen chicken for retail markets; (ii) in 2016, climatic anomalies during the second
crop growing season in important producing regions (e.g., Goias) struck maize production, for the first
time in history, 16 years after the telecoupled soybean system began.

The telecoupling framework is a powerful tool to investigate socio-ecological systems across
distances. Through this framework, numerous components of the telecoupled system can be assessed,
as well as socioeconomic and environmental changes and their cascading effects in local systems.
As observed on the historic Brazilian maize production system, synergies and flows among producing
and receiving countries can lead to nonlinear cascading effects, which reshape the production system
of the sending country, and force producers to adapt their practices.

Thus, local land-use and land-cover change (e.g., in Brazil) can be affected by food dietary shifts
over long distances (e.g., Chinese meat consumption), trade policies (e.g., the Chinese joining the WTO,
Brazilian tax exemption for export products) and by the international market of food commodities
(e.g., soybean). The knowledge that emerges from long-distance analyses is essential to design policies
for the long-term, since cascading effects may occur years after a telecoupled system was initiated
(e.g., time-lag effects). Policies designed for food production and in response to the market must
consider long-term relations among sending and receiving countries to better address (a) land-use
change (e.g., displacement of maize single crop to produce soybean); and (b) internal market supply
regulations to avoid food shortage driven by exports (e.g., Brazilian maize exports of 2015).
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