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RESUMO

Objetivo: Compreender a dindmica do mercado das commadites agricolas e extrair o prendncio de uma possivel crise econémica,
além de ajudar produtores agricolas a balancear sua carteira de produtos, diversificando suas mercadorias e diminuindo os riscos.
Referencial Teérico: Os precos das commodities agricolas vem sofrendo mudancas significativas desde 2002; embora houve um
crescimento da demanda, problemas climaticos afetaram negativamente a oferta, resultando no aumento do preco. Com a crise
financeira mundial de 2008, houve a reducdo do crédito internacional e o aumento do délar no Brasil.

Metodologia: Foram utilizados os métodos Detrended Cross-Correlation Analysis e Detrended Fluctuation Analysis afim de entender
0 comportamento das correlagdes cruzadas do preco de cinco commodities do agronegdécio brasileiro (algoddo, agtcar, café, milho e
soja) para os periodos anterior, durante e posterior a crise do subprime.

Resultados: Ambos os métodos evidenciaram uma mudanga significativa no comportamento das séries no periodo de crise, se
comparado as suas vizinhangas temporais.

Implicagdes: Observou-se que a crise provoca mudangas na estrutura de correlagdo dos retornos das commodities analisadas. Essa
mudanca implica em alterag@es de uma possivel carteira de produtos a fim de minimizar riscos.

Originalidade: Foi calculado e analisado o comportamento de correlagdo ndo-linear de longo prazo das séries temporais de retorno
das principais commodities agricolas no periodo da crise do subprime e suas vizinhangas temporais, permitindo constatar diversas
mudancas na estrutura de correlagdo dos produtos, devido ao processo de crise.

Palavras-Chaves: Crise Financeira do Subprime; Commodities Agricolas; Detrended Fluctuation Analysis; Detrended Cross-
Correlation Analysis.

ABSTRACT

Purpose: To understand the dynamics of the agricultural commodities market and predict a possible economic crisis, in addition to
helping agricultural producers balance their product portfolio, diversifying their goods and reducing risks.

Theoretical framework: Prices of agricultural commodities have changed significantly since 2002; although had been an increase in
demand, where weather problems negatively affected supply, resulting in price increases. With the global financial crisis of 2008,
there was a reduction in international credit and an increase in the US dollar against the Brazilian Real.
Design/Methodology/Approach: Detrended Cross-Correlation Analysis and Detrended Fluctuation Analysis methods were used to
understand the behavior of the cross correlations of the price of five Brazilian agribusiness commodities (cotton, sugar, coffee, corn
and soybeans) for the previous periods, during and after the subprime crisis.

Findings: Both methods showed a significant change in the behavior of the series in the period of crisis, when compared to their
temporal neighborhoods.

Research, Practical & Social Implications: It was found that the crisis changed the structure of the correlation of the returns on the
commodities analyzed. This change implies alterations to a possible product portfolio in order to minimize risks.

Originality/Value: The long-term nonlinear correlation behavior was calculated and analyzed on the temporal series for the return
on the main agricultural commodities in the period of the subprime crisis and its temporal neighborhoods were calculated and
analyzed, allowing several changes to be found in the product correlation structure, due to the crisis process.

Keywords: Subprime Financial Crisis; Agricultural Commodities; Detrended Fluctuation Analysis; Detrended Cross-Correlation
Analysis.
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1. INTRODUCTION

The prices of agricultural commodities have been undergoing relevant changes since
2002, when there was significant growth in emerging countries. In this period, there was also
a significant increase in prices due to the strong growth in demand and climate problems that
negatively affected the supply. In this context, countries that had a high participation in
commodities were able to benefit from this increase in prices, improving their current
accounts, reducing foreign debt and creating financial reserves. However, this growth was
interrupted by the global financial crisis of 2008 (ABE, 2011).

The global financial crisis began with the American subprime market crisis that caused
the interruption of the growth of world economies and, consequently, there was a retraction of
exports (SILVA FILHO, 2009). According to Vasquez (2008) cited by Jale (2015), "subprime
is a high-risk housing credit aimed at a slice of the population with lower incomes and a more
unstable economic situation”. Therefore, it is a line of credit with a high risk of default
because it deals with low-income people (CARVALHO, 2008).

Brazil has great economic dependence on the agricultural sector, given that 23.5% of
Brazilian GDP was generated by agribusiness in 2017. In 2016, the soybean complex
accounted for 35.6% of the total value of Brazilian agricultural and livestock exports. Added
to this, there is a strong participation of Brazil, from 2007 to 2016, in the international trade of
the following products: soybean complex (29% participation), beef (16% participation), corn
(15% participation), coffee (20% participation), sugar (45% participation), chicken meat (35%
participation) and cotton (12% participation). Thus, considering only agricultural
commodities, the products analyzed in this study (corn, soybeans, sugar, coffee and cotton)
are of paramount importance to the Brazilian economy (MINISTRY OF AGRICULTURE,
2017).

In this sense, this work proposed to perform an analysis of the correlation spectrum of
agricultural commaodity price returns by means of Detrended Fluctuation Analysis - DFA and
Detrended Cross-Correlation Analysis - DCCA, thus contributing to the understanding of the
market dynamics of these products and the extraction of a forewarning of a possible economic
crisis. In addition, this work also helps agricultural producers to balance their product
portfolio, diversifying their commaodities and reducing risks.
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2. THEORETICAL FOUNDATION

2.1 Agricultural commodities

Commodities is an English term meaning merchandise and is used in commercial
transactions of primary products on commodity exchanges. In addition, commodities that
designate products with a small degree of industrialization, in a raw state, produced on a large
scale, by different producers, do not present differentiation and have a low added value
(JALE, 2015).

According to German (2005), agricultural commodity prices are seasonal and highly
volatile due to factors related to weather, degradation of agricultural products and storage. In
addition, there are issues related to harvest, off-season, protection strategies and custom
barriers in the development of international markets that affect the random behavior of prices,
making them difficult to describe and predict.

2.2 Time series
According to Morettin and Toloi (2004), a time series is a set of observations ordered
in time, which can be symbolized by equation 1:

Y =F(1) 1)

Where Y1, Y2: ¥a Yo are the values of variable Y at time %1, £z, B3, ta.

According to Ehlers (2007), the main objectives in the analysis of a time series are:
description, that is, to describe the properties of the series, patterns, the existence of seasonal
or structural variation; control, to verify manufacturing processes, since the series measures
the "quality™ of a process; explanation of the variation in a series by means of the variation in
another series; and prediction of future values based on the past.

According to Silva (2011), one can cite as examples of time series the murder rate per
inhabitant, the daily values of average temperature, the values of electricity consumption and

the daily index of the Sdo Paulo Stock Exchange.
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2.3 Analise da Flutuacéo Deteriorada (DFA)

According to Siqueira Junior et al. (2010), the Detrended Fluctuation Analysis (DFA)
is @ method used for quantification of correlations in a time series introduced by Peng et al.
(1994) and successfully applied to detect long-range correlations in DNA sequences. In
addition, this method was used by Peng et al. (1995) in non-stationary time series of
physiological sequences, in meteorological data by Koscielny-Bunde et al. (1998) and in
financial time series by Crepaldi (2007).

The method can be summarized in the following steps (MARINHO et al., 2013):

Starting from the original time series (.1 = 1.2....,N the integrated time series

¥(1) | as in equation 2, is defined:

j

SORDIEIC

i=1

()

The integrated time series of size N is divided into n =N/l poxes, without

intersection. In each box containing I data, a trend line is constructed using the least squares
method.

The trend path is defined as the difference between the integrated series, ¥(J) and the

values estimated from the method of least squares ¥ () for each box.

The standard deviation of this fluctuation is calculated using equation 3:

n—1 [ (k+1)i
Fora (D) = —Z Z DG) - YOI ©

The calculation of the equation is repeated for different values of [ and thus the
relationship between ora (1) and ! is established. The angular coefficient of the least squares

line in to fit the points established between fora (1) and !, both in logarithmic scale, equal the
value of the DFA.
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2.4 Detrended Cross-Correlation Analysis (DCCA)

Detrended Cross-Correlation Analysis (DCCA) was introduced by Podobnik (2008)
for the quantification of long-range cross-correlations between time series. This method
represents a generalization of DFA and is designed to analyze power law cross-correlations
between two nonstationary time series taken simultaneously. In addition, DCCA has already
been applied in other studies, such as in the stock market by Wang et al. (2013), in road
transportation by Kristoufek (2014), in medicine by Podobnik et al (2011), in biological
signals by Ursulean and Lazar (2009), in financial series by Podobnik (2008) and by Siqueira
Junior et al. (2008).

To apply the method, we proceed as follows (PODOBNIK, 2008):

One integrates the two series that one wants to
analyze, according to equation 4:

o

£() = Tl x(1) and 20 = T, 2() @)

The integrated series % and £ are divided into n bins of size L = N/n,

Trend lines are constructed using the method of least squares. The series without trend

are obtained from the differences *() — £(J) e 2(J) — Z2(J) for each bin.

We calculate the covariance between the series for the different box sizes, according to

equation 5:

[ p—1[ e+
. 1
Feea®= (5| 2. WO = 2010 - 20))
N

k=0 |j=ki+1

It turns out that the focca resumes the calculation of fora for values of * = Z. As

observed for DFA, in DCCA the values of focca (D scale as Focca (D~1",
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One of the advantages of ACD over other methods of cross-correlation detection, such
as Pearson's correlation coefficient, is the possibility of identifying and measuring correlation
between two signals on different time scales (SILVA FILHO, 2009).

In both cases, DFA and DCCA, values of the growth rate of the straight line, v,
represent the trend in the behavior of the series, in the case of DFA, and between series, in the
case of DCCA. Thus, for y = 0.5 means that the current values have no correlation with
previous data. If y > 0.5 the series is said to be persistent, that is, large (or small) fluctuations
are followed by fluctuations that behave in the same direction and intensity, on average. And
finally, y < 0.5 the series is antipersistent, so large (or small) fluctuations are likely followed
by fluctuations of opposite behavior (MARINHO et al., 2013).

3. METHODOLOGICAL PROCEDURES

3.1 Object of study

This study used time series of prices, with daily frequency, of five agricultural
commodities: cotton, sugar, coffee, corn, and soybeans. The motivation to analyze the
agricultural commodity series is due to the importance of this type of good for the Brazilian
economy, since agribusiness represented almost % of the Brazilian GDP in 2017. Also,
specifically, Brazil is a large producer of these agricultural commodities globally - 1st
producer of sugar, coffee and soybeans; 3rd largest producer of corn and 5th largest producer
of cotton (EMBRAPA SOJA, 2019; GUTH, 2019; SEVERINO, 2019; SHAHBANDEH,
2019; UNITED STATES DEPARTMENT OF AGRICULTURE (USDA), 2019).

3.2 Data collection procedures

The dataset used to refer to the daily closing prices of the five agricultural
commodities came from the official website of the School of Agriculture "Luiz de Queiroz"
(ESALQ), a unit of the University of S&o Paulo (USP). The data was extracted from the price
history on April 18, 2018 and treated in Excel (XLS). With the database ready, an algorithm
was created in MatLab R2015a to implement the DFA and DCCA methods.

For the present study, three-time intervals were considered: the period before the crisis
(08/02/2004 to 09/14/2008), during the crisis (09/15/2008 to 12/31/2009) and after the
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subprime crisis (01/01/2010 to 04/18/2018). The date that determines the initial period of the
subprime crisis corresponds to the announcement of the bankruptcy of the fourth largest US
bank, Lehman Brothers; and the end date is the beginning of 2010, the period already
considered as post-crisis.
Commaodities are traded, as of the ESALQ/BM&FBOVESPA indicator, as follows

(CEPEA, 2018):

® Cotton: traded from the indicator ESALQ / BM&FBOVESPA by the daily closing
price in cents per pound of feather (0.453597 kg). Product specification: Cotton lint type 41,
sheet 4 - strict low middling - (former type 6, fiber 30/32 mm, no characteristics).

® Crystal Sugar: traded from the ESALQ/BM&FBOVESPA indicator at the daily
closing price of the 50 Kg bag. Product specification: with minimum 99.7 degrees of
polarization, maximum 0.10% moisture, most frequent ICUMSA color 130 - 180, maximum
0.07% ash, bagged in new polypropylene bags, intended for the domestic market. Region of
reference: State of SP - divided into 6 regions: Piracicaba, Ribeirdo Preto, Jau, Assis, Sdo José
do Rio Preto and Aracatuba.

® Arabica coffee: traded based on the ESALQ/BM&FBOVESPA indicator for the
daily closing price of the 60kg bag. Product specification: Arabica coffee type 6, hard drink
for better, well prepared, with up to 86 defects per 300 gram sample.

® Corn: traded based on the ESALQ/BM&FBOVESPA indicator for the daily closing
price of the 60 Kg bag. Product specifications: Semi-hard yellow corn, type 2, with normal
odor and appearance, in good condition, free of castor bean berries and other harmful seeds
and live insects, hard or semi-hard, with moisture content of up to 14%, maximum impurity
content of 1% on the 3mm sieve, maximum 6% of burnt or sprouted grains and free of moldy
grains and up to 12% broken, broken or shocked grains.

® Soybeans: traded based on the ESALQ/BM&FBOVESPA indicator at the daily
closing price of the 60-kg bag. Product specifications: bulk soybean, export type, according to
Concex standard: up to 14% humidity, up to 2% impurities, and maximum limits of 8% for
damaged grains (up to 5% of burned) and 30% of broken grains. Reference region: Parana
state, divided into five regions: Paranagua, Ponta Grossa, North, West, and Southwest.
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3.3 Data analysis procedures

The paper used empirical research to obtain data on the correlations of agricultural
commodity price returns, for which the Detrended Fluctuation Analysis - DFA and the Detrended
Cross-Correlation Analysis - DCCA methods were used.

The returns were calculated from the prices using equation 6:

p(t)

ATy (6)

4. RESULTS

Figures 1 to 5 show the daily closing price of commodities from August 2, 2004 to
April 18, 2018. The vertical lines in red indicate the periods before, during and after the

subprime financial crisis.

Figure 1 - Time series of daily closing prices of cotton
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Figure 2 — Time series of daily closing prices of sugar
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Figure 3 - Time series of daily closing prices of coffee
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Figure 4 - Time series of daily closing prices of corn
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Figure 5 - Time series of daily closing prices of soybean
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Analyzing Figures 1 to 5, it can be observed that in the period before the crisis, cotton
and coffee maintained a stable price, while the price of corn and soybean were oscillating,
after a substantial growth process. And the price of sugar was relatively stable after parabolic
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growth. During the subprime financial crisis, the price of all products, except for sugar, show
a fall and subsequent increase, as a valley behavior, where at the end of the process the price
is at a level close to that existing before the crisis. In the specific case of sugar, this valley
behavior also occurs, however, with a smaller decline and a quick and consistent price
resumption, in such a way that, at the end of the crisis, the price of sugar is at a level
significantly higher than the price existing before the crisis. After the crisis, price instability is
predominant in all products.

In the years following the crisis period, a growth in commodity prices is observed in
the respective series presented. Cotton, sugar, coffee and corn reach their maximum value in
the first seven months of 2011 (01/2011 to 07/2011), the peak of soybean prices is given a
little later, in September 2012.

Comparing the average prices of the first seven months of 2011 with the first seven
months of 2009 and the relative growth of these series, we notice that cotton, sugar and coffee
had the highest growth in this period, 232%, 102% and 152%, respectively. Notice also that
these are the same products that presented the largest declines after this period. Table 1 shows
the overall result of the DFA and DCCA methods.

Table 1 - Overall result of DFA and DCCA.

Cotton Sugar Coffee Corn Soy
Cotton 0,809 0,7876 0,8763 0,8041 0,8211
Sugar 0,7956 0,8795 0,7729 0,8061
Coffee 0,7546 0,8302 0,8448
Corn 0,7591 0,7527

Soy 0,833

Source: Prepared by the author, 2020.

The values of the main diagonals, highlighted in bold, correspond to the result of the
DFA, method that considers the autocorrelation. The values presented in the upper triangular
matrix, without highlighting, correspond to the result of the DCCA, method that considers the




cross-correlation.  In order to figure the value of the cross-correlation between two
companies, it is necessary to find the corresponding row and column. For example, the DFA
value for sugar (second product in the table) is in the second row and second column; the
DCCA value between sugar (second product) and coffee (third product) is in the second row
and third column of the matrix.

At first, one notices that the values presented in the table are greater than 0.5, which
evidences the persistence characteristic of both DFA and DCCA, that is, as presented in item
2.4, large (or small) fluctuations are followed by fluctuations that behave in the same
direction and intensity. Figure 6 presents the data distribution by means of a Boxplot graph.

Figure 6 - Boxplot of general results.
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Coffee presents higher DCCA values (considering any other product in the cross-
correlation) compared to its DFA value, that is, the coffee return series has a more consistent
correlation with the series of the other products when compared with its own return.

After checking the overall data, the series was divided into smaller time windows to
analyze the differences in the correlation spectrum in periods before, during, and after the
subprime crisis.

As shown in Table 2, for the pre-crisis period, the results for all products show values
greater than 0.6 for the DFA and values greater than 0.7 for the DCCA. However, the average
value for the DFA is approximately 0.73, and for the DCCA, 0.79, few values above 0.85 and

none above 0.9.




Table 2 - DFA and DCCA results before the subprime crisis.

Cotton Sugar Coffee Corn Soy
Cotton 0,7504 0,7365 0,8602 0,7384 0,7999
Sugar 0,7559 0,868 0,7082 0,7997
Coffee 0,7173 0,8851 0,8669
Corn 0,697 0,728
Soy 0,7781

Source: Prepared by the author, 2020.

Table 3 shows the period of the subprime crisis, where it is possible to see that there is
an increase in autocorrelation and cross-correlation when compared to the period before the
crisis. With an average of 0.83 for DFA and 0.84 for DCCA, 93.3% of the products start from

0.8. And the autocorrelation value for cotton, reaches more than 0.9.

Table 3 - DFA and DCCA results during the subprime crisis.

Cotton Sugar Coffee Corn Soy
Cotton 0,9117 0,8671 0,872 0,8646 0,872
Sugar 0,8429 0,8511 0,844 0,8453
Coffee 0,8058 0,8026 0,7835
Corn 0,8429 0,8452
Soy 0,8288

Source: Prepared by the author, 2020.

After the crisis, the autocorrelation and cross-correlation values decrease, becoming

lower than those of the pre-crisis period; with an average of 0.70 for the DFA and 0.78 for the




DCCA, minimum values of 0.67 and maximum of 0.88, none exceeding the value of 0.9, as

presented in Table 4.

Table 4 - DFA and DCCA results after the subprime crisis.

Cotton Sugar Coffee Corn Soy

Cotton
0,7829 0,7704 0,8882 0,8024 0,7629

Sugar
0,7272 0,8735 0,7238 0,6884

Coffee
0,7526 0,7791 0,8258

Corn
0,6754 0,7579
So

y 0,6768

Source: Prepared by the author, 2020.

5. DISCUSSIONS

Comparing the pre-crisis autocorrelation coefficients with those that occurred during
the crisis, it is observed that during the crisis all of the coefficients presented an increase in
value. The same occurs if the comparison is made between the post-crisis coefficients and
those that occurred during the crisis - all the coefficients during the crisis are larger than those
of the post-crisis period.

Analyzing the pre-crisis autocorrelation coefficients with the post-crisis data, we
observe that while sugar, corn and soy present slightly higher DFA prior to the crisis, cotton
and coffee present slightly higher DFA in the post-crisis period. But the general behavior is a
process of generalized increase of DFA in the crisis period and the return of DFA values, in
the post-crisis period, to the levels existing in the pre-crisis period, as a
compression/relaxation effect.

When comparing the cross-correlation coefficients of the pre-crisis periods with those
of the crisis, we can observe that in 70% of the cases, there was an increase in the DCCA. In
20% of the cases there was a decrease in the crisis correlation coefficient: COFFEE-COAL




AND COFFEE-SOYBEAN. We can consider a constant behavior in only one case, COFFEE-
SUGAR, since the decrease was inexpressive.

The same comparison can be made between the coefficients observed in the post-crisis
period in relation to the crisis period. Thus, we have that in 70% of the cases, the value of the
DCCA during the crisis is higher than those verified in the post-crisis period. Only the
following cases (3 cases = 30%) present a correlation coefficient with opposite behavior:
COFFEE-COTTON, COFFEE-SUGAR and COFFEE-SOYBEAN.

Table 5 - Comparison of the cross-correlation spectra for the different periods.

Before the Crisis During the Crisis After the Crisis
Average 0,799 0,845 0,787
Standard Deviation 0,068 0,030 0,062
Kurtosis -1,628 -0,035 -0,754

Source: Prepared by the author, 2020.

Analyzing Table 5, where the comparatives of the correction spectra for the different
periods are presented, it is possible to notice that during a crisis period, the medium is 5.8%
higher than in pre-crisis and 7.4% higher than in post-crisis. The dispersion measures are
smaller during the crisis period: 56.18% smaller compared to the pre-crisis period and 52.30%
compared to the post-crisis period. Analyzing the kurtosis data, notice that the DCCA
distribution is platykurtic in the three periods, but with different intensities, and the highest
kurtosis value occurs in the crisis period, that is, the correlations distribution is closer to a
Gaussian in this period, since the kurtosis is practically null.

Table 6 - Comparison of the autocorrelation spectra for the different periods.

Before the Crisis During the Crisis After the Crisis
Average 0,740 0,846 0,723
Standard Deviation 0,032 0,040 0,047
Kurtosis -1,327 -0,312 -1,521

Source: Prepared by the author, 2020.

Using Table 6, it is possible to perform the same analysis for the average values of the
DFA, as in the crisis period, the average is 14.3% higher if compared to the period before the
crisis and 17% higher if compared to the later period. The dispersion of the autocorrelation
values has an increasing trend over time and the kurtosis of the distribution of the DFA values




in the different periods is platykurtic, and as it occurred in the DCCA, the crisis period is

when the highest kurtosis value is observed.

6. CONCLUSIONS

The researched products always present cross-correlations above 0.6, which indicates
a persistent long term non-linear correlation, according to the behavioral limits detailed in
item 2.4. Among the main contributions of the article, we can highlight the following: the
calculations that allow us to observe, both for values (on average) of the DCCA, as well as the
DFA, a movement similar to that of a spring when away from its equilibrium state, that is, the
periods before and after the crisis correspond to the equilibrium state and the crisis period
corresponds to the application of a force acting, in this case, to raise the cross-correlation
between the products. Thus, what we obtained was a generalized increase in correlation in the
crisis period. Subsequently, a return, on average, of the correlation values to pre-crisis levels.
These long-term nonlinear correlation measures, however, are not homogeneous and we can
highlight the individual behavior of some products, either because they have high or low
correlation values. This allows us to use the idea of risk dilution through product portfolio
formation. Coffee, for example, presented the lowest cross-correlation value, on average, at
the time of the crisis, with a value of 0.8273. Therefore, it is the product among those studied
that would be ideal in the portfolio that is seeking to minimize risk. It was also possible to
verify that the crisis altered the product with the highest DFA value among those analyzed
and that the products with the lowest cross correlation are altered during the crisis.

The autocorrelation, measured by the DFA, presents an average in relation to the
behavior of the DCCA, however the dispersion of the DFA values is increasing throughout
time.

In individual terms, the behavior of the coffee product draws attention, since it is the
only one whose DFA value is significantly lower than the DCCA values (considering the
cross-correlation with any of the other products). This means that the price of coffee is less
important in the past than the price of the other products analyzed to consider a long-term
trend for the return value of coffee itself.

In general terms, soybean is the product that presented the highest autocorrelation
value. However, despite this characteristic being present before the crisis, in the subsequent

periods it is cotton that presents the highest DFA. Thus, there is a change in the product that




presents the highest DFA in the crisis period, and this remains after the crisis. This inertia
effect also happens with the highest DCCA values. If we consider the less correlated products,
we have corn and sugar, both before and after the crisis. However, during the crisis, the

lowest DFA value is between soy and coffee.
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