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Abstract: This study investigates the resilience of Brazil’s soybean supply chain to climatic
and economic shocks by identifying structural breaks in production, yields, and price trends
from 2006 to 2024. Using econometric techniques such as Bai-Perron multiple break tests, as
well as stationarity diagnostics (ADF, CUSUM), the analysis reveals that climate induced
disruptions can be key drivers of volatility in soybean prices and yields. Four structural
breaks were detected in October 2008, June 2012, February 2016, and November 2020,
aligning with global crises, severe droughts, and supply chain disruptions. Results highlight
strong regional disparities: Southern states (Rio Grande do Sul, Parand) exhibit increasing
vulnerability to droughts and reduced resilience, while the Central-West (notably Mato
Grosso) demonstrates adaptive capacity supported by investments in irrigation and climate
smart agriculture. These findings emphasize the need for region specific adaptation strategies
and policies that integrate climate risk management, infrastructure, and sustainable
production practices. This study was financed in part by the Coordenagdo de

Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES) — Finance Code 001.
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This research involves econometric modeling, break tests, and multi-dimensional datasets,
whose complexity benefits from graphical communication. Visual elements, such as
structural break plots, heatmaps of production losses, and inter and intra harvest correlation
matrices, facilitate the interpretation of results and highlight regional heterogeneity. An
interactive poster format enables readers to explore supplementary datasets through QR code,

strengthening transparency and reproducibility.
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Problem Statement

Brazil supplies over 50% of global soybean exports, consolidating its centrality in
global food systems and in the geopolitics of agricultural commodities (FAO, 2025; USDA,
2024). However, this leadership is increasingly challenged by structural vulnerabilities. On
the one hand, recurrent extreme climate events, such as prolonged droughts, floods, and
temperature anomalies, have imposed severe constraints on yields and production stability,
particularly in the Southern states, historically pioneers in soybean cultivation (Noia-Junior et
al., 2025; Bonetti, 1981). On the other hand, economic and geopolitical shocks, ranging from
the 2008 financial crisis to the COVID-19 pandemic and the Russia—Ukraine war, have
generated price volatility and disrupted global trade flows (Deese; Reeder, 2007; Anderson;
Mitchell; Maples, 2024).

Analyses aggregated at national level tend to obscure these heterogeneous regional
responses. While the Central-West exhibits greater adaptive capacity due to technological
investment in irrigation, soil management, and climate-smart practices (Toloi et al., 2021;
Vieira Filho, 2024), the South has shown declining resilience, with rising frequency of crop
failures linked to climate extremes (Ferreira et al., 2024; Noia-Junior; Christo; Pezzopane,
2025). This asymmetry highlights that resilience is unevenly distributed across Brazilian
territory and cannot be understood as a uniform attribute.

Given this context, a critical research gap emerges: to what extent are structural
breaks in soybean production and price dynamics driven by climatic extremes as opposed to
economic shocks, and how do regional disparities condition the resilience of the production
chain? Addressing this question requires combining econometric tests of structural breaks
(Bai; Perron, 1998; Zeileis et al., 2002) with climate and production data (INMET, CONAB,
IBGE), enabling the identification of breakpoints and their correspondence with extreme

events and systemic disruptions.

Methods and Materials

The methodological framework integrates data preprocessing, econometric modeling,
and resilience analysis, structured in five stages. The dataset integrates multiple sources
covering the 2006-2024 period.

Climate: Daily precipitation (mm) and temperature (mean, maximum, minimum, °C) records
from the Brazilian National Institute of Meteorology (INMET), aggregated at the state level.

Extremes were classified as:



® Drought: precipitation < 30 mm/month

e [xcess rainfall: precipitation > 95th percentile

e [Extreme cold: minimum temperature < 10th percentile

e [xtreme heat: maximum temperature > 90th percentile
Production: Data from Brazilian National Supply Company (CONAB) and Brazilian
Institute of Geography and Statistics (IBGE), including planted area, harvested area, total

production, yields, and area losses (hectares).

Prices: Monthly soybean futures prices (plwm) from the Chicago Board of Trade (CBOT)
covering September 2006 to August 2024 were deflated using the U.S. Consumer Price Index

(it) to obtain real prices (p:eal):
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Summary statistics (mean, standard deviation, minimum, maximum) were computed
for prices, yields, precipitation, and temperature. A moving average was applied to soybean
futures prices to highlight short-term cycles. The Augmented Dickey-Fuller (ADF) test was
used to assess the presence of a unit root:

P
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where y = 0 indicates a unit root (non-stationarity) and y < 0 indicates stationarity (Enders,
2015).

The method proposed by Bai and Perron (1998) was adopted for the endogenous
identification of structural breaks and the estimation of multiple structural breaks in
univariate or multivariate time series. This approach is based on the estimation of segmented
models, in which the structural parameters vary between regimes separated by endogenous

breakpoints. To formalize this framework, an autoregressive model with p + 1 regimes is

considered, as adapted from Enders (1948):
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where (I)jt represents a dummy variable that assumes the value 0 before the j " break and the

value 1 after it. The breaks are interpreted as discrete changes in the parameters of the

data-generating function, reflecting structural changes in the dynamics of the series.



Pearson’s correlation was applied to measure associations between climatic variables
(precipitation, temperatures), production losses (losses), and soybean prices (yt):

pXY _ Cong,YZ (4)
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Correlation matrices were estimated for intra-harvest (same season) and inter-harvest

(losses in one season versus prices in the subsequent season) dynamics.

To facilitate the visualization of the analyses, was made heatmaps, represented losses
by state during planting and harvest phases, with vertical dashed lines marking identified
structural breaks. Extreme climate events (drought, excessive rainfall, extreme heat/cold)

were classified using percentile thresholds (P - P o0’ P1 0 ) and overlaid as point markers,

and correlation plots, illustrated intra- and inter-harvest associations between production

shocks and price responses.

All empirical analyses were conducted in R software (R Project, 2025), using the
strucchange (Zeileis et al., 2024), urca (Pfaff et al., 2024) and ggplot2 (Wickham et al., 2025)
packages, which support estimation routines, structural stability tests, seasonal

decomposition, graphical visualization and time series processing.
Results

The spatiotemporal panel shows, by state, area losses during sowing (green) and
harvesting (blue), with overlapping extreme events (symbols: drought = circle; excessive
rainfall = square; extreme cold = inverted triangle; extreme heat = triangle). The dotted

vertical lines mark the four structural breaks dated by the Bai-Perron tests.
Main findings:

(1) Clusters of extreme events (mainly droughts and excessive rainfall) are observed
near the breaks of 2008, 2012, and 2020, with an increase in the intensity of losses in several

states, suggesting synchrony between climate shocks and regime shifts (Figura 1).

(i1)) The Southern Region (RS, PR, and, to a lesser extent, SC) experiences greater
recurrence of drought during planting/harvesting and denser blocks of losses, demonstrating a

reduction in productive resilience in the final period of the sample (Figura 1).



Figure 1: Heatmap of losses and extreme events by state
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Source: Prepared by the author based on data from CBOT, CONAB, IBGE and INMET.

(ii1) In the Central-West (MT, MS, GO), extreme events are recorded, but with generally less
extensive and more scattered losses, consistent with greater adaptive capacity, irrigation, soil

management, and climate-smart practices (Figura 1).

(iv) The temporal overlap between extremes and losses reinforces the role of climate shocks
as a transmission mechanism for supply instability, an element that reappears in price

dynamics (Figura 1).

Figure 2 shows the trajectory of real soybean futures prices traded on the CBOT from
2006 to 2024, highlighting the four structural breaks identified: 2008-10-01: regime
associated with the global financial crisis and reconfiguration of the soybean trade (Fousekis,
2023; Liu; Wang; Zhang, 2015; Deese; Reeder, 2007); 2012-06-01: post-severe drought
regime in North America and Brazil, with price adjustments (NOAA, 2012; Obergfell, 2012;
Carvalho et al., 2020); 2016-02-01: transition associated with the expansion of production in
the US and supply-demand realignment (Gale; Valdés; Ash, 2019; Meade; Rosen; Stone,
2016; Wright, 2014); 2020-11-01: regime linked to logistical disruptions and chain
restructuring during COVID-19 (Anderson; Mitchell; Maples, 2024; Gao; Jiang; Zhou, 2024;
Gao; Zhou; Jiang, 2024; WHO, 2020).



Figure 2: Futures Price Series and Structural Breaks
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The inter-harvest matrix relates losses in harvest t and price variation in harvest
t + 1. The result indicates a weak to moderate and heterogeneous association between states
and periods, reflecting that intertemporal adjustment mechanisms (storage, substitution

between origins, replenishment of external supply, and hedging positions) mitigate the
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pass-through of losses from one cycle to the price of the following harvest. In substantive
terms, regime changes and expectations formed within the current cycle itself tend to
dominate short-term price dynamics.

The intra-harvest matrix relates losses and price variation within the same cycle. A
positive and more intense association is observed between greater losses and greater price
variations during the period, consistent with the interpretation that prices respond
immediately to shocks in production expectations and actual harvest results. In other words,
production losses act as a trigger for price adjustments within the agricultural cycle itself.

The heatmap highlights the co-occurrence of extremes and losses in periods close to
disruptions (disruptions identified by the Bai-Perron test), suggesting a plausible causal
mechanism in which extreme weather events cause losses, reduce supply, and increase price
volatility. The price response is stronger intra-harvest than inter-harvest, reflecting the
formation of expectations in futures markets. Regionally, the South region shows increasing
vulnerability to droughts, while the Central-West region is more resilient due to its greater
adaptive capacity. From a public policy perspective, the results indicate the need for
incentives for climate-adapted production techniques, the expansion of rural insurance
calibrated for local risk, the use of hedging instruments, and investments in resilient

infrastructure to mitigate losses and reduce volatility.

Conclusions and Considerations

In summary, the study demonstrates that the soybean production chain in Brazil is
sensitive to climatic and economic shocks, with structural disruptions coinciding with severe
droughts, trade conflicts, and global crises. The sector's resilience is heterogeneous: while the
Central-West region has greater adaptive capacity, driven by more robust technologies and
agricultural practices, the South region shows increasing fragility in the face of climate
change. In this context, policies that encourage production techniques adapted to regional
conditions, the expansion of agricultural insurance adjusted to local risks, the use of market
risk management instruments, and investments in resilient infrastructure and sustainable
practices stand out as essential. Such measures are essential to mitigate the impacts of climate
change, reduce production losses, and ensure the maintenance of Brazil's strategic role in

global food security.



Referéncias

ADJEMIAN, M.; SMITH, A.; HE, X. Estimating the market effect of a trade war: The case
of soybean tariffs. Food Policy, v. 105, n. 1, p. 563-579, 2021.

ANDERSON, John D.; MITCHELL, James L.; MAPLES, Joshua G. Invited Review:
Lessons from the COVID-19 pandemic for food supply chains. Applied Animal Science, v.
37,n. 6, p. 738-747, 2021. ISSN 2590-2865. Disponivel em:
https://doi.org/10.15232/aas.2021-02223. Acesso em: 30 mai. 2025.

Bai, J. & Perron, P. (1998). Estimating and testing linear models with multiple structural
changes. Econometrica, 66(1), 47-78.

BONETTI, L. P. Distribuicao da soja no mundo: origem, histdria e distribuicao. In:
MIYASAKA, S.; MEDINA, J. C. (Eds.). A soja no Brasil. 1981.
P. 1-6.

CARVALHO, André Luiz et al. Impacts of extreme climate events on Brazilian agricultural
production. Sustainability in Debate, Brasilia, v. 11, n. 3, p. 197-210, dez. 2020.

Chicago Board of Trade (CBOT). (2024). Soybean futures prices.
https://www.cmegroup.com/pt/products/agricultural-commodities/soybeans.html

COMPANHIA NACIONAL DE ABASTECIMENTO (CONAB). Produtos 360. Brasilia:
Conab, [2025]. Disponivel em: https://portaldeinformacoes.conab.gov.br/produtos-360.html
. Acesso em: 24 abr. 2025.

DEESE, W.; REEDER, J. Export Taxes on Agricultural Products: Recent History and
Economic Modelling of Soybeans Export Taxes in Argentina. Journal of International Trade
and Economics, p. 1-28, 2007. Disponivel em:
https://www.usitc.gov/publications/332/journals/export_taxes model soybeans.pdf. Acesso
em: 15 jun. 2025.

ENDERS, W. Applied Econometric Time Series. 4. ed. New York: Wiley, 2015.

FAO — FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS.
FAOSTAT: Rankings. Disponivel em: https://www.fao.org/faostat/

FOUSEKIS, P. FUTURES PRICES LINKAGES IN THE US SOYBEAN COMPLEX.
Applied Finance Letters, v. 12, n. 1, p. 119-130, 2023. DOI: 10.24135/afl.v1212.697.

GALE, Fred; VALDES, Constanza; ASH, Mark. Interdependence of China, United States,
and Brazil in Soybean Trade. Washington, DC: United States Department of Agriculture,
Economic Research Service, 2019. (OCS-19F-01). Disponivel em:


https://doi.org/10.15232/aas.2021-02223
https://doi.org/10.15232/aas.2021-02223
https://www.fao.org/faostat/
https://www.ers.usda.gov/webdocs/outlooks/93390/ocs-19f-01.pdf?v=226.2

https://www.ers.usda.gov/webdocs/outlooks/93390/ocs-191-01.pdf?v=226.2. Acesso em: 15
jun. 2025.

GAO, Xiang et al. The dynamics of price discovery between the U.S. and Chinese soybean
market: a wavelet approach to understanding the effects of Sino-US trade conflict and
COVID-19 pandemic. Data Science and Management, v. 7, n. 1, p. 35-46, 2024. Disponivel
em: https://doi.org/10.1016/j.dsm.2023.10.004. Acesso em: 01 jun. 2025.

GAO, Xing-Lu; JIANG, Zhi-Qiang; ZHOU, Wei-Xing. Impact of the COVID-19 pandemic
on the intermittent behavior of the global spot markets of staple food crops. Journal of

Management Science and Engineering, 2024. Disponivel em:
https://doi.org/10.1016/j.jmse.2024.05.002. Acesso em: 16 jun. 2025.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA (IBGE). Produgao Agricola
Municipal — PAM. Sistema IBGE de Recupera¢dao Automatica — SIDRA. Rio de Janeiro:
IBGE, [2025]. Disponivel em: https://sidra.ibge.gov.br/pesquisa/pam/tabelas

. Acesso em: 24 abr. 2025.

INSTITUTO NACIONAL DE METEOROLOGIA (INMET). Portal INMET. Brasilia:
INMET, [2025]. Disponivel em: https://portal.inmet.gov.br/. Acesso em: 24 abr. 2025.

LIU, Bruce Jianhe; WANG, Yubin; WANG, Jingjing; WU, Xin; ZHANG, Shu. Is China the
price taker in soybean futures? China Agricultural Economic Review, v. 7, n. 3, p. 389404, 7
set. 2015. DOI: 10.1108/CAER-10-2014-0104.

MEADE, Birgit et al. Corn and Soybean Production Costs and Export Competitiveness in
Argentina, Brazil, and the United States. Washington, DC: United States Department of
Agriculture, Economic Research Service, 2016. (Economic Information Bulletin 154).
Disponivel em: https://papers.ssrn.com/sol3/papers.cfm?abstract id=2981675. Acesso em: 15
julho 2024.

NOIA-JUNIOR, A.; CHRISTO, C.; PEZZOPANE, J. Extreme weather events in southern
Brazil warn of agricultural collapse. Next Research, 2025.

NOIA-JUNIOR, A. et al. Effects of the El Nifio Southern Oscillation phenomenon and
sowing dates on soybean yield and on the occurrence of extreme weather events in southern
Brazil. Agricultural and Forest Meteorology, 2020.

NOAA NATIONAL CENTERS FOR ENVIRONMENTAL INFORMATION. Monthly
Drought Report for April 2012. Publicado online em maio de 2012. Disponivel em:
https://www.ncei.noaa.gov/access/monitoring/monthly-report/drought/201204.

DOI: https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.ncdc:C00
675. Acesso em: 23 jun. 2024.


https://www.ers.usda.gov/webdocs/outlooks/93390/ocs-19f-01.pdf?v=226.2
https://doi.org/10.1016/j.dsm.2023.10.004
https://doi.org/10.1016/j.jmse.2024.05.002
https://doi.org/10.1016/j.jmse.2024.05.002
https://portal.inmet.gov.br/

OBERGFELL, Courtney. The Drought of 2012. Northern Indiana Weather Forecast Office,
National Weather Service, NOAA, U.S. Dept. of Commerce. Disponivel em:
https://www.weather.gov/iwx/2012_drought. Acesso em: 23 jun. 2024.

O’MALLEY, Jane; SEARLE, Stephanie. The impact of the US renewable fuel standard on
food and feed prices. The Int. Council on Clean Transportation Briefing, 2021.

PFAFF, B. et al. urca: Unit root and cointegration tests for time series data. R package version
1.3-3, 2024.

SABALA, Ethan; DEVADOSS, Stephen. Impacts of Chinese Tariff on World Soybean
Markets. Journal of Agricultural and Resource Economics, v. 44, n. 2, p. 291-310, maio 2019.
DOI: 10.22004/ag.econ.287975.

TOLOI, M. N. V. et al. Development Indicators and Soybean Production in Brazil.
English. Agriculture, MDPI, v. 11, n. 11, p. 1164, 2021. Published: 18 November 2021.
Received: 26 September 2021. Accepted: 13 November 2021. ISSN 2077-0472. DOI:
10.3390/agriculture11111164. Available from:
<https://doi.org/10.3390/agriculture11111164>.

TURZI, M. The Political Economy of Agricultural Booms: Managing Soybean Production in
Argentina, Brazil, and Paraguay. Cham: Palgrave Macmillan, 2017.

DOI: 10.1007/978-3-319-45946-2. Disponivel em:
https://doi.org/10.1007/978-3-319-45946-2. Acesso em: 24 jul. 2025.

U.S. BUREAU OF LABOR STATISTICS. Consumer Price Index (CPI) [base de dados
online]. Disponivel em: <https://www.bls.gov/cpi/>. Acesso em: 17 mai. 2025.

USDA — UNITED STATES DEPARTMENT OF AGRICULTURE. Table 07: Soybeans:
World supply and distribution. Washington, DC: USDA, 2024.

VIEIRA FILHO, J. E. R. A cadeia produtiva de soja e o desenvolvimento econdmico e
regional no Brasil. Portuguese. Brasilia, 2024. Disponivel em:
https://hdl.handle.net/10419/303223. DOI: 10.38116/td3042-port. Available from:
<https://hdl.handle.net/10419/303223>.

WHO, WORLD HEALTH ORGANIZATION. WHO Director-General’s opening remarks at
the media briefing on COVID-19 — 11 March 2020. Genebra: WHO, 11 mar. 2020.
Disponivel em:
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remark
s-at-the-media-briefing-on-covid-19---11-march-2020. Acesso em: 23 jul. 2025.


https://doi.org/10.3390/agriculture11111164

WRIGHT, Brian. Global Biofuels: Key to the Puzzle of Grain Market Behavior. Journal of
Economic Perspectives, v. 28, n. 1, p. 73-98, 2014. Disponivel em:
https://www.aeaweb.org/articles?id=10.1257/jep.28.1.73. Acesso em: 15 jun. 2025.

ZEILEIS, A. et al. strucchange: Testing for structural change in linear regression models. R
package version 1.5-4, 2024.

WICKHAM, H. ggplot2: Elegant Graphics for Data Analysis. 3. ed. Nova York: Springer,
2025.



	Abstract: This study investigates the resilience of Brazil’s soybean supply chain to climatic and economic shocks by identifying structural breaks in production, yields, and price trends from 2006 to 2024. Using econometric techniques such as Bai-Perron multiple break tests, as well as stationarity diagnostics (ADF, CUSUM), the analysis reveals that climate induced disruptions can be key drivers of volatility in soybean prices and yields. Four structural breaks were detected in October 2008, June 2012, February 2016, and November 2020, aligning with global crises, severe droughts, and supply chain disruptions. Results highlight strong regional disparities: Southern states (Rio Grande do Sul, Paraná) exhibit increasing vulnerability to droughts and reduced resilience, while the Central-West (notably Mato Grosso) demonstrates adaptive capacity supported by investments in irrigation and climate smart agriculture. These findings emphasize the need for region specific adaptation strategies and policies that integrate
	Keywords: soybean production, resilience, structural breaks, climate change, regional disparities 

	Problem Statement 
	Methods and Materials 
	Results 
	Conclusions and Considerations 
	Referências 

