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Abstract

In Mexico, the use of the coverage program of the Bureau of Market Services and Agricultural Market
Development (ASERCA for its acronym in Spanish) is a tool that has been used by corn producers (mainly
for white corn) for the acquisition of derived products in the CBOT (Chicago Board of Trade), the underlying
element of which is US#2 grade yellow corn. In a high volatility environment regarding the prices of corn,
the prices of CBOT should be adjusted with the spot domestic prices to incentivize Mexican producers to
participate in the program. However, through a multivariate stochastic volatility analysis during the period
of 2007-2012, it was shown that the future price of corn is not strongly related to the prices registered in
some states of the country, therefore, it can be inferred that the coverage through the ASERCA program
does not properly comply with its objective of protecting the national farmers that grow white corn, despite
the fact that its use has increased.
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Resumen

En México, el uso del programa de coberturas de la Agencia de Servicios a la Comercializacién y Desar-
rollo de Mercados Agropecuarios es un instrumento que ha sido utilizado por los productores de maiz
(principalmente blanco), para la adquisicién de productos derivados en el Chicago Board of Trade, cuyo
subyacente es el maiz amarillo calidad US#2. En un entorno de alta volatilidad en los precios del maiz,
los precios del Chicago Board of Trade deberian ajustarse con los precios spot domésticos para incentivar
a los productores mexicanos a participar en el programa, sin embargo mediante un andlisis de volatilidad
estocdstica multivariante durante el periodo de 2007 a 2012, se mostré que el precio futuro del mercado de
maiz no se encuentra fuertemente relacionado con los precios registrados en algunos estados del pafs, por lo
que se puede inferir que la cobertura mediante el programa de la Agencia de Servicios a la Comercializacién
y Desarrollo de Mercados Agropecuarios no cumple adecuadamente con su propdsito de proteger a los
agricultores nacionales que siembran maiz blanco, a pesar de que su uso se ha incrementado.
© 2017 Universidad Nacional Auténoma de México, Facultad de Contaduria y Administracién. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Codigos JEL: C32;D52; G13; Q14
Palabras clave: Precios de maiz; Volatilidad estocdstica multivariante; Chicago Board of Trade

Introduction

A way to identify the interrelations between markets is through the study of volatility trans-
mission. In this work, the existing integration in the spot price of Mexican domestic white corn
and the futures market of yellow corn #2 negotiated in the CBOT was studied. This was done
under the context of the “Aid and Service to Agricultural Marketing” (ASERCA for its acronym
in Spanish) offered by the Secretariat of Agriculture, Livestock, Rural Development, Fisheries
and Food (SAGARPA for its acronym in Spanish).

It is through the ASERCA program that Mexican corn producers have access to the price
coverage offered in the CBOT; the price coverage scheme emerged in 1993 due to the sudden fall
in the prices of cotton and consequently, the need to guarantee a just price to the producer. It has
been since 1997 that coverage in the price of corn was done through put and call option positions.

It is interesting to know the relation between corn prices in the Mexican spot market and the
futures market of Chicago, considering that the domestic prices are not competitive, according
to the STAP (2012)." This because the white corn produced in the country is approximately 35%
more expensive than yellow corn; additionally, agricultural policy is characterized for maintaining
high subsidies for their producers and low export prices.

As mentioned before, one way of knowing the interrelations between different markets is to
study the transmission of volatilities between them, for which the multivariate GARCH models
(MGARCH) can be used. The authors that propose this type of modeling are: Bollerslev (1990),
Longin and Solnik (1995), Karoyi and Stulz (1996), Engle (2002), among others. Bawens, Hafner,
and Pierret (2013) used a GJR-GARCH model to model the dynamic volatility and correlation
in the structure of the futures markets of the European Energy Exchange index. A very complete
review of the literature regarding this type of models is offered from the econometric point of view
by Bawens, Laurent, and Rombouts, (2006); and a similar study is developed by Asai, McAleer,

1" Agri-food and Fisheries Information Service of SAGARPA.
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and Yu (2006) for stochastic models. Bawens, Hafner, and Laurent (2012) present an analysis and
detailed applications of multivariate GARCH models and stochastic volatility models.

Regarding the integration between the spot and futures markets, some of the studies that offer
evidence through MGARCH models can be found in Ledebur and Schmitz (2009), Shawky,
Marathe, and Barrett (2003), Hernandez and Ibarra (2011), and Bekiros and Diks (2008).

The study of the spot and futures prices of white and yellow corn, respectively, has been
scarcely researched. One first step through the estimation of Autoregressive Vectors is offered by
Godinez (2006) and, subsequently, Rapsomanikis (2011) does it with a MGARCH model. This
research presents significant advances, using a Multivariate Stochastic Volatility Model, through
which it is possible to measure the dynamics of the ASERCA program. This work is developed
in the following manner: the section “Coverage policy for the price of corn in Mexico” addresses
the coverage policy for the price of corn in Mexico; it also describes the operation bases of the
ASERCA program as a means of coverage for corn prices. The section “Stochastic volatility
models” briefly establishes the reference framework on the stochastic volatility models, placing
greater emphasis on the multivariate models. The section “Information” presents the data used for
the study. The section “Analysis of the results” formulates the development of the econometric
analysis, using the multivariate stochastic volatility models described in section two. Finally, the
conclusions of this work are presented.

Coverage policy for the price of corn in Mexico

The cyclical nature of agriculture, its financial dependence, and the weather, cause the produc-
tion of grains in Mexico to develop in an uncertain environment, which is reflected in the tendency
of grain prices and in the income of the producers.

As Mexico stands within a context of trade openness since the 1990s, the Mexican producers
of corn saw their income affected by market saturation during harvest season, as they came
from a protected economy, a price regime established by the State, and significant subsidies for
production distanced them from the international context (Ochoa, 2011a).

To reduce these negative effects, the Federal Government created the ASERCA program in
1991, making the protection of producers’ incomes against adverse movements one of its main
objectives. This is done through coverage with tools from futures markets. However, it was not
until 1996 that the National Company of Popular Subsistence (CONASUPO for its acronym in
Spanish) stopped regulating the prices of corn and the program started being used by producers
(of white corn for the most part) for the acquisition of trading securities in the CBOT, which have
US#2 grade yellow corn as an underlying element.

The coverage of ASERCA involves a position in the futures market, opposed to the one that the
participant has in the domestic spot market; therefore, any loss in the spot market is compensated
with the coverage in the futures market (Ochoa, 2011b).

During the period of 1997-2011, 705,672 corn contracts were covered, which indicates that
this type of tool has had a significant governmental boost and response by the producers (Ochoa,
2011b). The way in which the use of coverage contracts for the price of different agricultural
products through the ASERCA program has increased throughout time can be clearly observed
in Fig. 1.

The products that were subject to coverage during the period of 1997-2007 have been: corn,
wheat, sorghum, coffee, cotton, pig farming, beef cattle, soy, safflower, and orange juice. Corn,
with 50.15% of the total contracts, is the product with the greatest number of contracted coverage.
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Fig. 1. Coverage contracts placed from 1997 to 2011.
Source: Own elaboration based on Ochoa (2011b).

Sinaloa is the biggest producer of corn in the country, it is the state with the greatest number of
placements with 26.9% (Ochoa, 2011b).

On the other hand, on October 24th, 2012, SAGARPA presented the first futures contract for
yellow corn in Mexico through MexDer (Mexican Derivative Market), naming the producers, mar-
keters, industrialists and financial investors of the agricultural sector as beneficiaries (SAGARPA,
2012).

ASERCA (2012) indicated that Mexico is far from having an agricultural exchange, as there
are no known prices, regulation mechanisms, arbitration, conflict resolution and physical quality
certificates. In this manner, the first step was to list the corn futures contracts of the CME group,’
with FIRA (Trust Funds for Rural Development) as a financial agent of the government to perform
the duties of ASERCA. With the participation of banking and non-banking intermediaries that
operate with FIRA, the purchase of coverage would be subsidized with resources from SAGARPA.

The international experience, according to CEDDRSSA (2007) is that before having a futures
market, it is necessary to have an exchange for physicals. However, in Mexico, it was started by
listing futures contracts of yellow corn, a product that is cheaper than white corn, and considering
that according to the SIAP (2012) the national production of corn was of 94% white corn, the
price to the producer suffers when it participates in coverage.

Given the difficulty of having an agricultural futures exchange market in Mexico, it is of great
interest to know the relation between the future price of US#2 grade yellow corn commercialized
in the CME Group and the spot prices of Mexican white corn, as this product has had a greater
subsidy from ASERCA and the yellow corn used for the coverage is of lower quality and price.

Stochastic volatility models

Volatility can be modeled through the calculation of the variance or the standard deviation
of the yields of a financial series within a specific period of time, which makes it possible to
carry out the volatility prediction for future periods. However, there is evidence that suggests that
predicting volatility in a more sophisticated manner leads to more exact assessments regarding
the financial series (Brooks, 2008).

Due to the fact that volatility cannot be directly observed, it is necessary to resort to some
characteristics that can be observed in a time series (Tsay, 2005):

2 Chicago Mercantile Exchange Group, which the CBOT is a part of.
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e It can be grouped, that is, it can be high at certain periods of time and lower at others (volatility
cluster).

e Itinvolves time in a continuous manner, meaning that spikes in volatility are rare.

e Volatility does not tend toward infinity, it varies within a fixed range. Statistically, it means that
volatility is sometimes stationary.

e Volatility reacts differently to a big increase in the price than to a big drop in the same, this is
known as leverage.

Two additional characteristics are that the series present leptokurtosis and have thicker tails than
the normal distribution, as well as symmetrical distributions (Nieto, Oribe, & Zarraga, 2011). Ruiz
and Veiga (2008) state that, from the econometrics point of view, the efficiency of the estimators
and the construction of prediction intervals are linked to heteroscedasticity (temporary evolution
of volatility) being adequately modeled.

On the other hand, Broto and Ruiz (2004) declare that the increase in interest for the stochastic
volatility models is due to the fact that they are frequently used in the financial theory to model
the behavior of financial prices. Compared to the most popular known models, such as GARCH
(Generalized Autoregressive Conditionally Heteroscedastic), the former more efficiently capture
the main properties of the yields observed in the financial series.

According to Soriano and Climent (2006), the most used methodologies for the analysis of
volatility transmission can be grouped into three categories: GARCH models, regime change
models and stochastic volatility models. This section presents a brief description of the GARCH
and stochastic volatility models. Highlighting multivariate models, we shall begin with the
GARCH models, which make it possible to model the variance based on the dependency of
its own lags (Tsay, 2010); in the MGARCH multivariate case, it is possible to estimate the inter-
actions between volatilities (variance—covariance) of different series in all directions (Asai et al.,
2006; Philipov & Glickman, 2006; Ruiz & Veiga, 2008; Soriano, 2004), the general model is
described in Bawens et al. (2006, 2012).

Given that there are different representations of the MGARCH models that are estimated
through the maximum likelihood method, it was considered adequate to briefly present the more
used representations, which are shown in Table 1.

In the case of the econometric models, as is the case of the Constant Correlation Model and
Dynamic Correlation Model, they have become popular due to the fact that the imposed restrictions
are easy to model. A similar model is the Varying Conditional Correlation, which are the models
used to comply with the objective of this work.

The specifications of the MGARCH models are mentioned below and are described in detail
in Bawens et al. (2006):

Constant Correlation Model (CCC)

In this specification of the MGARCH models, the conditional correlations are constant and,
consequently, the covariances are proportional to the product of the corresponding conditional
standard deviations. This restriction reduces the number of unknown parameters and simplifies
the estimation. The CCC model is defined as follows:

H; = D/RD; = (Pij\/ hiithjjt> ,
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Table 1
Classification of the main MGARCH models.

Riskmetrics It allows the covariance matrix to
— (1996) change over time so that recent
EWMA innovations have more weight

. P The elements of the covariance
| Direct generalizations of | | Engle and Kroner matrix depend on the
univariate GARCH (1995): VEC cross products of their own delays
and the past yields

It allows the covariance matrix to

|| Engle and Kroner be positively defined and there
(1 995). BKKa is a dynamic dependence between
i the volatility series
T Orthogonal Observed data are assumed to be
. generated by an orthogonal
O GARCH: transformation of univariate
m - O-GARCH GARCH processes
< L Linear combinations of
(_Ij univariate GARCH . Steps:
E Generalized A) Set of uncorrelated univariate
OGARCH: GARCH processes,
GO-GARCH B) Linear map that relates these

components to the data

The conditional correlations are

Bollerslev constant, so the conditional
3 variance is proportional to the
(1 990)' Cccc product of its corresponding

Nonlinear combinations standard deviations

of univariate GARCH

Tsay and Tsui (2001) and Generalization of the CCC model,

. making the conditional correlation
Engle (2002)'DCC matrix dependent on time

2 Engle and Kroner (1995).
Source: Own elaboration based on Bawens et al. (2006) and Tsay (2010).

where
D; = diag ({7 hii ) -

h{{f is any univariate GARCH model. And R = (p;;) is a positive-definite symmetric matrix with
Pii = 1, Vi.

R is the matrix that contains the constant conditional correlations p;;. The original model had
a GARCH (1,1) as specification for each conditional variance in D;:

2 .
hiit = @i + oigj,_y + Bihiig—1 i=1,..,N

The H; matrix is positive-definite if, and only if, the conditional variances are positive and R is
also positive-definite.

The premise that conditional correlations are constant can seem unrealistic, though even so
this model helps to know the degree of interdependence between markets.
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Dynamic Correlation Model (DCC)

This model is a generalization of the previous model, it makes it possible for the correlation
matrix to vary in time, which could be positive-definite throughout time. The original specifications
of the model are:

H[ = D[RtDt
Dy is once again:

. 12 172
D; = diag (hl{t . .hA{M)

And hjj; can be defined as any univariate GARCH model.
Ri=(1-01 —0)R+01¢—1 + 2R

01 and 6, are non-negative parameters that fulfill the condition of: 81 + 6, < 1, R is a positive-
definite parameter symmetric matrix with p;; = 1 and ¥;_; is an N x N of ¢, order correlation
matrix, fort =t — M,t — M + 1, ..., t — 1. Its ith and jth elements are given by:

M
Zmzlui,t—muj,t—m

Yiji—1 ,
’ M 2 M 2
(Zm:l%’,t—m) (Em:luj,t—m)

where

Eit

And matrix y;_1, can be defined as:
Vo1 =B\ L_(L,_ B,

And B;_ is a diagonal matrix of N x N order as ith diagonal elements given by:

o 1/2
2
h=1

And L;—1 = (us—1, ..., us—p) is an N x M matrix that includes u; = (u1; uo;. . .un;) .
A necessary condition to guarantee that 1,1 and R, are positive is that M > N.

Varying Conditional Correlation Model (VCC)
Finally, Tsay and Tsui (2001) pick up the previous model and assuming normal yields, the
logarithmic likelihood function (/;) of observation (y;) is:

1 1,
b= —SWIDi LD = S yiD LDy
1 1 & 1
2 : 2 —1 =1 -1
= §1n|1—}| — Ei_llno—it — Ey;DT I—'t Dt )71

where the total number of parameters to be estimated is 3K + K(K + 1)/2 + 2.
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Information

Since the second semester of 2006, the global prices of the main foodstuff began to increase.
For the first semester of 2008, the highest levels of the last 30 years were registered, despite the
fact that they decreased the following year; prices are currently higher than the levels observed
before 2006 (FAO, 2009).

In order to keep the increases of 2006 from affecting the results of the estimations, the analysis
period comprises the period between the first week of 2007 up to the last week of 2012, as such
there are 313 observations.

The prices of the futures contracts of US#2 grade yellow corn of the CBOT were obtained from
the National Market Information System (SNIIM for its acronym in Spanish) of the Secretariat
of Economy (SE); the future with expiration in March is used, basing the aforementioned in the
“Theoretical foundations of corn” of the MexDer and the measurement unit is dollar per kilogram.

The main states for the production of corn in irrigation and temporary modality are shown
below. The data were obtained during the harvest season of 2012 (Table 2).

In the same way, to obtain the spot prices of Mexico, four states with high levels of corn
production® were selected in the SNIIM. It was verified that during the analysis period, ASERCA
granted direct supports to price coverage for corn in the states of Jalisco, Mexico, Michoacdn and
Chihuahua. The prices of the SNIIM were obtained from the main Central Markets of each state,
thus they are calculated in bulk per kilogram commercialized in bulks of 50 kg, and are the most
frequent; statistically, the mode was used. To convert the spot prices to dollars, the fix exchange
rate of the Bank of Mexico was used.*

To carry out the estimations of the econometric model, the Stata (MR) statistical program
version 12 was used.

Analysis of the results

In order to be able to adequately study the addressed price series, it is necessary for these to be
stationary. To verify the presence of stationarity the Dickey—Fuller augmented unit root test was
utilized. It supports the following hypotheses:

Hy. Unit root
H;. There is no unit root

When conducting the unit root test at the level of all series, it was found that there is no
sufficient statistical evidence to not reject the unit root null hypothesis; this means that the series
is not stationary. As the time series theory cannot be applied to series that are not stationary it
was necessary to apply the first-difference estimator, from which it was known that all the series
were stationary. The results are shown in Table 3.

On the other hand, using the Engle—Granger test, which consists in carrying out an augmented
Dickey—Fuller hypothesis test on the residues estimated through the regression of the already
stationary variables, it is confirmed that the study variables are cointegrated (Table 4).

3 Other states such as Sinaloa, Guanajuato and Guerrero that also maintain a high corn production and are beneficiaries
of the program were excluded from the sample because they had no recorded prices in the SNIIM.

4 According to the quarterly result reports of the “Program for the prevention and handling of risks, support for the
objective income and to commercialization”, to convert the operations done in futures markets to Mexican pesos, the fix
exchange rate is used; the opposite was done to convert to American dollars.
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Table 2
Percentage of corn production in Mexico by state, 2007-2012.
State Production percentage Total
2007 2008 2009 2010 2011 2012
Aguascalientes 0.26% 0.45%) 0.02% 0.28% 0.37%) 0.31%) 0.28%)
Baja California 0.11% 0.15%) 0.07% 0.07% 0.14%) 0.18% 0.12%
Campeche 0.22% 0.44%) 0.31% 1.65%) 1.76%) 0.92%) 0.85%)
Coahuila 0.13% 0.12%) 0.10% 0.20% 0.05%) 0.07%) 0.12%)
Colima 0.23% 0.21%) 0.17% 0.12% 0.23%) 0.19%) 0.19%)
Chiapas 3.52% 2.73%) 3.17% 2.98% 4.66%) 3.66%) 3.40%)
Chihuahua 4.56% 4.36%) 5.47% 5.37% 5.97%) 6.17% 5.28%
Distrito Federal 0.04% 0.04%) 0.05% 0.04% 0.03%) 0.03% 0.04%
Durango 0.62% 1.11% 1.08% 1.31% 0.81%) 0.64%) 0.93%)
Guanajuato 6.84% 5.68%) 4.73% 5.31% 6.60%) 5.93% 5.83%
Guerrero 5.58% 6.05%) 6.50% 5.24% 7.72%) 5.56%) 6.04%
Hidalgo 3.22% 3.30% 3.01% 3.12% 3.25% 3.89% 3.30%
Jalisco 10.47% 10.63%) 10.42%) 11.54%) 11.39% 12.23% 11.10%)
Mexico 6.46% 7.27%) 5.96% 5.83% 3.71%) 7.47%) 6.22%
Michoacan 6.94% 7.05%) 6.07% 5.44% 7.80%) 7.33%) 6.73%)
Morelos 0.49% 0.37%) 0.42% 0.42% 0.49%) 0.27%) 0.41%)
Nayarit 0.21% 0.54%) 0.76% 0.56%) 1.01% 0.71%) 0.61%)
Nuevo Leon 0.30% 0.14%) 0.20% 0.28% 0.14%) 0.35%) 0.24%)
Oaxaca 3.24% 2.73%) 2.89% 2.51% 4.07%) 3.51%) 3.12%
Puebla 4.80% 4.74%) 3.45% 4.74% 3.19%) 4.59%) 4.31%)
Queretaro 1.21% 0.98%) 0.95% 1.26% 0.88%) 0.94%) 1.05%)
Quintana Roo 0.08% 0.02%) 0.10% 0.21%) 0.38%) 0.13%) 0.14%)
San Luis Potosi 0.93% 1.09% 0.65% 0.81% 0.62% 0.54% 0.78%
Sinaloa 27.47% 27.70%) 30.77%) 28.33%) 20.46%) 20.36%) 26.04%)
Sonora 0.77% 0.94%) 0.60% 1.29%) 0.57%) 0.89%) 0.86%)
Tabasco 0.46% 0.65%) 0.67% 0.55% 0.92%) 0.92% 0.68%
Tamaulipas 3.31% 2.84%) 2.44% 2.69% 3.32%) 2.85%) 2.90%)
Tlaxcala 1.33% 1.32% 1.23% 1.46% 0.89%) 1.49% 1.31%
Veracruz 4.08% 4.03%) 5.59% 4.55% 6.40%) 5.98% 5.04%,
Yucatan 0.24% 0.07%) 0.11% 0.40% 0.66%) 0.39% 0.30%)
Zacatecas 1.86% 2.26%) 2.05% 1.43%) 1.48%) 1.49%) 1.78%)
Total 100% 100% 100% 100% 100% 100% 100%
Total/tons 18,315,683 | 18,997,413| 16,951,453( 18,507,924| 14,006,294{ 17,971,564| 104,750,331

Source: SIAP (2012).

The AR and MA processes were identified by analyzing the correlograms of each series. None
of the series presented stationarity. The statistics ¢ for the five series show, with a 95% confidence
level, that the autoregressive components with mobile and stationary measures are significantly
different from zero and that the characteristic roots are invertible. For their part, the correlograms
and the Durbin—Watson statistic indicate that the estimated coefficients are not correlated among
themselves and are therefore stable.
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Table 3
Augmented Dickey—Fuller test.
Variable (price) Statistics ¢ Critical values

1% 5% 10%
Jalisco —1.750 —3.455 —2.878 —2.570
México —0.755 —3.455 —2.878 —2.570
Michoacédn —3.002 —3.455 —2.878 —2.570
Chihuahua —1.446 —3.455 —2.878 —2.570
Futures —1.644 —3.455 —2.878 —2.570
A Jalisco —25.146 —3.455 —2.878 —2.570
A México —18.175 —3.455 —2.878 —2.570
A Michoacdn —20.088 —3.455 —2.878 —2.570
A Chihuahua —19.844 —3.455 —2.878 —2.570
A Futures —16.662 —3.455 —2.878 —2.570

Source: Own elaboration with data from the SNIIM.

Table 4
Engle—Granger cointegration test.
Variable Statistics ¢ Critical values
1% 5% 10%
Residue —5.900 —3.456 —2.878 —2.570

Source: Own elaboration with data obtained from the SNIIM.

If there is real simultaneity between a set of variables that represent the prices of corn, all of
them should be treated equally and there should be no a priori distinction, as in the simultaneous
equation models. The autoregressive term refers to the appearance of the lagged value of the right
side dependent variable.

In the bivariate case, assuming causality between two variables and that each equation has
lagged k values, each equation can be estimated by ordinary least squares in the following manner:

k k
X = aZﬂth—l + ZVth—j +uir

j=1 j=1
k k
Yi, = O/ZHJ'Xt—l + ZVth—j + uyy
j=1 j=1

where the u;; are the error terms, known as impulses, innovations or shocks.
The criteria to select the optimal order of lags were:

1) Akaike information criterion
2) Schwarz’s Bayesian information criterion
3) Hannan—Quinn information criterion
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Table 5
VAR impulse-response functions.
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Based on this, bivariate models were estimated according to the following considerations:

Sporprice,]alixw = f(Futuresprice)

Spot r = f(Futures price)

price,MichoacQn

Spot /

price,Mé€xico

= f(FutureSprice)

Spot price, Chihuahua = f(Futuresprice)

In this case, using the lags suggested by the information criteria, it can be observed (at a 95%
significance level) that in the event of a shock, the prices of the futures market have very little
influence on the spot prices of each state. Furthermore, it was confirmed that the intrinsic values
fall within the unit circle and thus it is possible to state that the models are stationary.

Table 5 shows the graphs of the impulse-response functions of the structural breakdown of
the residues of the VAR. Graphs (a) and (d) represent the temporary effect of a disruption with a
magnitude that is equivalent to a standard deviation at the middle level of each variable. Based
on this, it is possible to interpret the nature of the impulses or shocks according to their signs. For
the four analyzed cases: graphs (a), (b), (c) and (d) which correspond, respectively, to the effect
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of the shock due to the futures prices of the yellow corn of the CBOT on the domestic spot prices
of white corn in the states of Jalisco, México, Michoacan and Chihuahua. The results obtained
show that is possible to conclude that a shock that originates in the CBOT does not significantly
affect the domestic spot prices of corn, so there is no interrelation between the futures variable
of yellow corn and the national prices of white corn in the long term. The innovations from the
CBOT do not show persistence either, the adjustment process is very fast. Particularly, for the
relation of futures and spot prices, the variance breakdown indicates that the variations in futures
prices from the CBOT do not affect the variations in the spot prices of the national variables.

Subsequently, it was necessary to confirm the presence of ARCH effects on the series. For this,
the LM-ARCH heteroskedasticity contrast was applied to the residues of the ARMA estimations,
which has the following hypotheses:

Hy. There are no ARCH effects
H;. There are ARCH disruptions

The results obtained are shown in Table 6.

From the coefficients obtained in the estimations, it is worth highlighting that in Michoacan
there is volatility persistence in the event of a volatility shock.

From the estimations of the ARCH and GARCH models for the series of the State of Mexico,
Michoacén, Chihuahua, and Futures the following results were obtained (Table 7).

As shown in the results above, there is evidence of the presence of conditional heteroskedasticity
in the residues of each price variable. Therefore, the GARCH models are convenient candidates
for the modeling of the study variables, given their heteroskedasticity. Due to the fact that volatility
in different markets moves jointly in time, it makes sense to carry out a multivariate analysis. This
made it possible for us to more efficiently estimate the volatility leakage and the impact of the
news in the determination of domestic spot prices.

The degree of interdependence between prices is captured through the Constant Conditional
Correlation model, which shows that for the states of Michoacan and Chihuahua there are no

Table 6

LM-test for autoregressive conditional heteroskedasticity.

Lag Prob > chi?

Jalisco México Michoacin Chihuahua Futures

1 0.4036 0.0000 0.3942 0.9454 0.1123
2 0.3212 0.0000 0.6716 0.0000 0.0461
3 0.4870 0.0000 0.8416 0.0000 0.0878
4 0.6365 0.0000 0.9334 0.0000 0.0125
5 0.7509 0.0001 0.0210 0.0000 0.0244
6 0.8401 0.0003 0.0345 0.0000 0.0361
7 0.8925 0.0006 0.0565 0.0000 0.0609
8 0.9354 0.0012 0.0908 0.0000 0.0293
9 0.9653 0.0021 0.1319 0.0000 0.0407

10 0.9778 0.0030 0.1518 0.0001 0.0398

11 0.9856 0.0035 0.2097 0.0001 0.0618

12 0.9916 0.0062 0.2647 0.0000 0.0819

13 0.9943 0.0088 0.0542 0.0000 0.1034

14 0.9968 0.0091 0.0775 0.0000 0.1443

15 0.9983 0.0144 0.1080 0.1292 0.0852

Source: Own elaboration with data from the SNIIM.
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Table 7

Results of the ARCH and GARCH models.

Meéxico Coefficient P value Futures Coefficient P value
AR —0.1235 0.077 ARCH 0.0828 0.002
ARCH 0.2451 0.002 GARCH 0.8731 0.000
Chihuahua Coefficient P value Michoacén Coefficient P value
AR 0.1730 0.033 AR 0.2827 0.000
ARCH 0.1310 0.000 ARCH 2.5684 0.000
GARCH 0.7932 0.000 GARCH 0.1881 0.000

Source: Own elaboration with data from the SNIIM.

correlations between the future price of yellow corn and the prices of white corn. This relation
is only valid for the State of Mexico, however, though the correlation is statistically significant,
it is very small; for each positive variation in the future price of yellow corn, the spot price of
Michoacan registers a positive variation of 0.1360 (Table 8).

Volatility of this kind is understood as the conditional variance of the series, that is, short-term
oscillations. Analyzing the variables of futures and spot prices as a system in which the variations
of the prices of the others influence the variation of prices of each one, it is possible to appreciate,
through the estimated ARCH parameters, that there is indeed a transmission of volatility from the
rest of the variables to each of them; however, the volatility leakage is very small.

As mentioned in the previous section, the Dynamic Conditional Correlation model is a gen-
eralization of the Constant Conditional Correlation, and allows conditional correlations to vary
in time. The 67 and 6, parameters are news and decline parameters, thus they show the effects of
innovations in the conditional correlations as the time and its persistence in the market vary. Given
that the news parameter has a value of 0.0271, whereas the decline parameter shows that there
is persistence in the transmission of volatility with a value of 0.9265, both parameters become
statistically significant, which can be appreciated in Table 9.

In the results of this model, the State of Mexico and Chihuahua variables do not show any
correlation with the futures prices of the CBOT. The correlation coefficient of Michoacdn shows
that in the event of a positive variation in the future price of yellow corn, the spot price registers
a positive variation of 0.1501.

Table 8

Results of the MGARCH-CCC model.

Variable Coefficient Z P>z
Future ARCH 0.0001 12.49 0.0001
Michoacédn ARCH 0.0003 12.49 0.0002
Mexico ARCH 0.0002 12.49 0.0001
Chihuahua ARCH 0.0001 12.49 0.0001
Future correlation Coefficient VA P>z
Michoacan 0.0971 1.73 0.083
Meéxico 0.1360 2.45 0.014
Chihuahua 0.2860 0.51 0.613

Source: Own elaboration with data from the SNIIM.
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Table 9

Results of the MGARCH-DCC model.

Variable Coefficient Z P>z
Future ARCH 0.0001 12.45 0.0000
Michoacdn ARCH 0.0003 12.18 0.0002
Mexico ARCH 0.0001 11.64 0.0001
Chihuahua ARCH 0.0001 11.97 0.0001
theta 1 0.0271 3.62 0.0000
theta 2 0.9265 80.74 0.0000
Future correlation Coefficient V4 P>z
Michoacédn 0.1501 1.72 —0.0204
México 0.0870 0.78 —0.1311
Chihuahua 0.0832 0.75 —0.1347

Source: Own elaboration with data from the SNIIM.

Table 10

Results of the MGARCH-VCC model.

Variable Coefficient Z P>z
Future ARCH 0.0001 12.39 0.0001
Michoacdn ARCH 0.0003 12.27 0.0002
México ARCH 0.0001 11.64 0.0001
Chihuahua ARCH 0.0001 12.31 0.0001
theta 1 0.1486 3.55 0.0000
theta 2 0.6188 5.06 0.0000
Future correlation Coefficient V4 P>z
Michoacédn 0.0911 1.09 0.277
México 0.0840 0.97 0.332
Chihuahua 0.0603 0.67 0.504

Source: Own elaboration with data from the SNIIM.

In the case of the ARCH statistics, a volatility leakage of all prices can be observed, which
when being analyzed as a system, the following results are obtained.

Given that the Varying Conditional Correlation Model is similar to the Dynamic Conditional
Correlation model, the former was also used to compare results, which are shown in Table 10.

In this case, it is possible to appreciate the consistency with the results of the DCC model;
the 61 and 6, parameters also show the effect of the innovations in the conditional correlations as
time varies and due to its persistence in the market. Both parameters are statistically significant,
and once again indicate that there is persistence in the transmission of volatility and in the decline
with values of 0.1486 and 0.6188, respectively.

Regarding the correlations between the futures prices of yellow corn and domestic spot,
the results are not statistically significant. This suggests that there is no relation of prices between
the variables of national prices and the futures prices of the CBOT.

Finally, and in agreement with the CCC and DCC models, analyzing all the variables together,
it can be seen that there are indeed effects in the transmission of volatility of all the variables to
each of them, however, the volatility leakage is almost null.
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Conclusions

In this investigation, the dynamic of the volatility between the price used as coverage by the
Mexican producers of white corn and the one registered in the country is examined. Thus, four
spot prices of white corn from the states of Jalisco, México, Michoacéan, and Chihuahua and one
from the CBOT (US#2 grade yellow corn) are analyzed.

Faced with the impossibility of having a futures market in Mexico and based on the matters
addressed in the first section, the coverage of the price of corn should be competitive and provide
security to the producer regarding their income.

According to the cross-correlation analysis, it is possible that there was a relation between the
domestic spot prices and the futures price. However, in a first stage, it was observed that through
the estimation of autoregressive vectors, a shock originating in the CBOT does not significantly
affect the domestic spot prices. So, there is no interrelation between the future variable of yellow
corn with the national white corn prices. The innovations from CBOT do not show persistence
either, the adjustment process is very fast.

Although the spot prices of the Mexican market are incorporated to the futures prices of the
CBOT (according to the Engle—Grange cointegration test), analyzing all the variables together,
the results of the CCC, DCC and VCC indicate that there is indeed transmission of volatility in
the prices, but the volatility leakage is too small.

When the degree of interdependence between the price volatilities of the markets was studied
through the multivariate stochastic volatility analysis using the CCC, DCC and VCC models, the
results of the estimations showed that the volatility of the agricultural futures market’s price is
not related to the volatility of the prices recorded in the states of Mexico and Michoacan, with the
only state showing a small negative correlation being Chihuahua.

The individual coefficients of the ARCH equations of the three estimated models are statisti-
cally significant and indicate that the variance of the study variables does not only depend on its
past information, but also on the shocks of the other prices considered in this investigation.

Derived from the results of the investigation, it is possible to accept the hypothesis that was
presented, that is, that through the calculation of the degree of interdependence between the
volatilities of the studied prices, it was inferred that the coverage of white corn prices offered
by the ASERCA program is not efficient against the volatility of the futures prices of yellow
corn.

In an international context, the price of corn may be negotiated in financial markets, where the
prices of the product constantly vary. However, going by the results, it can be appreciated that the
national price does not immediately incorporate such variations.

To make the price coverage proposed by ASERCA a real benefit for Mexican producers, it is
necessary for the spot price to quickly take into consideration the movements of the prices that
come from the CBOT.

If the prices of the futures market do not guide the national prices, then the coverage given
through the ASERCA scheme is not the correct one. Considering this, a future investigation
could analyze, on a first instance, the reason why the program has considerably increased the
number of covered contracts, as the price coverage operates in parallel to other programs offered
by ASERCA. On the other hand, if the price coverage presents a disadvantage by not correctly
providing the services, then the investigation could aim to explain why Mexican producers of
white corn request it.
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