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Abstract

This paper sets out to use the bivariate VEC-EGARCH model with constant correlations to analyze the process by which
the mean and volatility are transmitted between the crude futures markets and physical oil markets in Mexico. The results
point to the existence of bilateral performance information transmission patterns with stronger effects from the futures
markets to the physical markets, while the evidence for the effects of bilateral volatility transmission only exists between
the oil futures and physical oil markets in Olmeca. The empirical findings are relevant to governmental authorities and
consumers because they aid in designing cross-hedging strategies that mitigate exposure to the price risk in Mexican oil.
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1. INTRODUCTION

In recent decades, oil has served as the main source of energy fueling global economic growth, regional trade cycles, and
the advent of modern society; its daily use plays an essential role in the industrial production, distribution, and creation of
electrical power and refined products. As a result, the international physical oil market has undergone rapid growth in
liquidity, to such a degree that it has become a full-fledged, sophisticated financial market.

Nevertheless, as globalization has taken off and the fossil fuel energy markets have evolved toward integration, their non-

linear and complex structure has proved to be extremely volatile,2 thanks to the simultaneous and irregular roller coaster
of oil prices. The severe oil price swings and high volatility have only been exacerbated over time in response to large-
magnitude information shocks derived from the expansion of futures transactions and the marked degree of integration
emerging across global oil markets.

This trait has been amply documented in the literature. It has been noted more in the raw materials energy markets than
in the agricultural and mining markets, as well as in some foreign exchange and stock markets (Kroner et al., 1995;
Plourde and Watkins, 1998; Reigner, 2007; Cheng and Hung, 2011). Another important factor that has transformed the
fossil fuels markets into complex and volatile negotiating platforms is the rapid securitization or trading of oil through
futures markets, ever since institutional investors and speculators began to show interest in oil as an investment

alternative to diversify their portfolios3 and hedge against exposure to risk (German and Kharoubi, 2008; Brooks and
Prokopczuk, 2013).

The futures markets were created principally to provide protection against unexpected changes in the prices of the
underlying assets or curb exposure to risk for investors and shareholders. Another important aspect is the role information
on futures pricing plays in shaping prices. This process consists of the capacity of the futures market to rapidly assimilate
information flows, which will be immediately reflected in the price of the underlying asset for its forecast. Likewise, the
function of price formation maintains a long-term equilibrium between current and future prices in a market, and if there
are temporary deviations in the balance of the futures prices in one or both markets, they will have to adjust through the
error correction mechanism.

Oil futures are generally negotiated in international markets, like the New York stock exchange (NYMEX) or the London

stock exchange4 (IPE). These brokerage platforms play a key role in setting the WTI and Brent oil prices, as well as in
market frictions, in terms of transaction costs, regulation, and liquidity. This means that the price formation process in the
physical oil market will be affected not only by its owner information, but also by information generated in the international
oil futures markets. Studies on the effects of information transmission have documented that the dynamics of volatility
depend on the arrival of new information to the market. In this regard, information in the futures market can fuel the
volatility of the physical oil market (Zhong et al., 2004; Liu, et al., 2008; Han et al., 2013).

On another note, volatility transmission patterns occur in the moment that a futures market is experiencing changes in
volatility, and this delayed impact therefore produces volatility in another market, leading to unexpected shocks that
destabilize oil prices. As the physical markets for oil with differing degrees of quality and density have become highly
integrated, interest in understanding and analyzing the magnitude of the effects of information transmission on yields and
volatility over time and the in the markets has grown in the economic and financial literature. At present, studying the
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mechanisms by which volatility spreads across markets brings with it serious consequences for the producers,
consumers, and designers of energy policy and investors, as it lays the groundwork for developing the models to value
assets and byproducts, predict futures prices, and design hedging strategies.

The objective of this paper is to identify the patterns through which information flows across the physical and oil futures
market using the transmission of the mean and volatility. This study sets out to answer the following questions. Can the
mean and volatility transmission mechanism help us better understand how the physical and futures markets exchange
information flows? Could the volatility of a highly liquid international market drive the volatility of a less liquid market?

The study also contributes the literature as follows: studies on information on the mean and volatility spreading across
internationally-referenced oil markets and the physical market for low-quality oil is still quite scant, so daily data was taken
on the Maya, Istmo, and Olmeca oil prices, as well as futures prices for WTI and Brent oil during the time period January
3, 2000 to December 31, 2015. The study also posits a bivariate VEC-EGARCH model, because the one of the

advantages of this model is that it is a new way of analyzing how information shocks spread5 through first and second
conditional moments. Likewise, the study captures the asymmetrical effects of volatility, generally left out of GARCH-
BEKK models.

Similarly, the empirical results reveal the existence of bilateral mean information transmission effects across the physical
and futures oil markets, as well as evidence for the effects of bilateral volatility transmission across futures markets and
the Olmeca physical oil market, although the effect running from WTI to Olmeca and from Olmeca to Brent is even
greater. In this sense, the oil futures markets do have destabilizing effects on the physical Mexican oil markets, which
governmental authorities and consumers could harness to create optimal cross-hedging strategies to help reduce
exposure to the Mexican oil price risk.

The rest of this paper is structured as follows. Section 2 discusses salient literature. Section 3 explains the methodology
used in this paper. Section 4 describes and analyzes the data. Section 5 introduces the empirical evidence, and, finally,
there is a conclusions section.

2. LITERATURE REVIEW

Up until now, most of the literature studying volatility transmission patterns has been restricted to the foreign exchange
and stock markets. Nevertheless, as globalization has taken off and the physical oil markets have evolved to become
more integrated, scholars, institutional investors, and energy policymakers have shown renewed interest in understanding
the effects of information transmission on performance and volatility in the markets.

With that in mind, Lin and Tamvakis (2001) estimated ARCH and GARCH models using standard WTI and Brent oil
futures contracts with the closest maturity. Their findings point to conclusive evidence for the effects of information
transmission when the markets operate simultaneously. Oil prices in the London market are affected by the closing prices
in the New York market.

Ewing et al. (2002) analyzed volatility transmission patterns between the oil and natural gas markets from April 1, 1996 to
October 29, 1999 using a BEKK parameterization for the multivariate GARCH (1,1) model. The results demonstrate
vestiges of volatility directly and indirectly transmitted from one market to another. In a study of five national and
international energy markets in the United States of America, Hammoudeh et al. (2003) found evidence that volatility
transmission tends to be more frequent and significant between the physical and futures markets using contracts with
maturities of one to three months and the GARCH model, unlike the VEC mean transmission model.

Using high-frequency data, Lin and Tamvakis (2004) reinforced their previous findings, confirming that the New York stock
exchange is the primary setter of prices in the light and sweet oil futures market, and its dominant effect has
repercussions for contracts negotiated on the London exchange.

Using a structural GARCH-BEKK model, Spargoli and Zagaglia (2007) analyzed the correlations between the light and
sweet oil futures markets in the time period April 26, 1993 to April 26, 2007. The results of the study underscore how the
New York exchange reacts rapidly to the arrival of new information as compared to the Europe Intercontinental (ICE)
exchange.

Similarly, Chang et al. (2009) studied the relations between volatility and conditional correlation between the performance
of current, forward, and future prices for the principal oil setters (WTI, Brent, and Dubai). The findings point to volatility
transmission and asymmetry effects on the conditional volatility for each of the markets analyzed.

In a study including Malaysian Tapis oil, Chang et al. (2010) found evidence for the transmission of volatility from the
Brent futures market to the physical and forward markets, from the Brent physical market to the WTI physical market, and
from the WTI futures market to the Brent physical market. Moreover, the presence of volatility transmission effects from
the WTI and Brent oil markets to the physical, forward, and futures markets for Dubai and Tapis oils. This finding reaffirms
that the light and sweet oil markets are the principal international markets for setting the price of low-quality crude.

Kang et al. (2011) analyzed the effects of structure changes on volatility, incorporating them into a GARCH-BEKK
structure in order to better understand how volatility spreads and information is exchanged across the WTI and Brent
physical markets. The results reveal that the relaxing of structural changes can alter the direction of information flow and



the volatility transmission mechanism across the internationally-benchmarked oil markets.

Using a VAR-GARCH-BEKK model estimate, Jin et al. (2012) found empirical evidence for how volatility is transmitted
through the principal WTI, Brent, and Dubai oil futures markets from July 2005 to February 2011. Moreover, the findings
point to important information transmission patterns, where Brent is the most sensitive to market shocks due to its
important position as a measuring stick for setting oil prices.

In a recent study, Sehgal et al. (2013) analyzed the effects of volatility transmission between physical and futures prices

and across WTI futures prices negotiated on the NYMEX, ICE, and MCX platforms.6 Their results confirm the presence of
volatility transmission in the long term from ICE to MCX and from MCX to NYMEX. But the effect seems to be stronger
from NYMEX to ICE and MCX, which confirms its dominant standing in the oil market. Both ICE and MCX are equally
competitive in the global WTI market.

Finally, Soucek and Todorova (2014) posited a multivariate heterogeneous autoregressive model to analyze volatility
transmission patterns in the energy futures markets (ICE). The results point to short-term shocks in the volatility of the
Brent futures, with a significant impact on diesel futures. Moreover, the principal source of oil and diesel volatility
transmission toward natural gas is the long-term volatility component.

3. ECONOMETRIC METHODOLOGY

This section proceeds to describe the bivariate VEC-EGARCH model that explains the mean and volatility transmission
effect.

3.1 Bivariate EGARCH Model with Error Correction Term

Pursuant to the literature, the presence of asymmetrical effects in volatility has been amply confirmed in the stock markets
of industrialized and emerging countries. However, the evidence for the oil markets needs to be verified. For that reason,
this study extends the Nelson (1991) EGARCH model to a multivariate structure to analyze the nature of mean and
volatility transmission mechanisms between oil markets.

To analyze the price information transmission patterns and the performance of the physical and futures oil markets, the
model considered whether they are affected by their own terms and the terms of other performances, with delay, as well
as an error correction term.

The conditional mean equations are specified using error correction vector models as follows:

(1)

(2)

where  and  are the yields of the physical oil and oil futures markets, meaning  and 

 and  are the logarithmic prices of S and F on date t, respectively. Moreover,  and 

are the coefficients of the own effects of the delayed yields.  and  measure the indirect effects of the mean on
physical and futures yields.  and  are the coefficients measuring the speed of price adjustment across the physical
oil and oil futures market or the speed at which the difference in the long-term balance is corrected.  is the set of

information available at time  are the residuals of the conditional means, such that 

 is defined as the conditional variance-covariance matrix.

Given that volatility is important to better understanding the information transmission process between the physical oil and
oil futures markets when there are asymmetry effects, the conditional variance equations are defined as follows:

(3)

(4)



(5)

where  are standardized residuals. Moreover,  measure the short-term

persistence or own direct effects of shock transmission. The parameters  and  measure the short-term cross-
market volatility transmission effects on the yields of physical oil and oil futures prices, respectively. As such, the
conditional volatility will not only be affected by shocks in the past residuals of the own market, but also by shocks from

other markets.  quantify the degree of long-term persistence in the volatility. A value close to one indicates
that high volatility is followed by even stronger volatility in the same direction.

For their part,  measure the long-term cross-market volatility transmission effects on each of the physical

and futures markets. The parameters  represent the effects of temporary deviations from the equilibrium,
which affect the conditional variance because an increase in the differential between the two variables generates
uncertainty and drives up volatility (Lee, 1994).

The presence of the asymmetry effect in conditional volatility is determined by equation (5) when the parameter  is

significantly different from 0. If the partial derivatives of the function  are taken with respect to , the following
results:

(6)

The terms  measure the size and sign effects, respectively. If , negative

innovation7 strengthens the size effect, but the size effect is neutralized when . This means that negative
innovations increase the volatility more than positive innovations of the same magnitude. Likewise, the evaluation of the

importance of asymmetry or leveraging factors is measured by .

The covariances are determined as follows:

(7)

where  is the constant conditional correlation.

Finally, the quasi-maximum likelihood method is used to estimate the parameters of the logarithmic likelihood function:

(8)

where  is the vector of model parameters and T indicates the number of observations.

4. DATA AND PRELIMINARY ANALYSIS FOR EACH OIL MARKET

The information used for this study consisted of the series of daily physical prices from the basket of Mexican crudes:

Maya, Istmo, and Olmeca.8 The daily closing prices for oil futures of international reference (WTI and Brent) trading on
the New York and London stock exchanges were used, despite the fact that the delivery dates for the futures contracts
are set in monthly cycles; this does not mean they are continuous. As such, in constructing the series of futures prices,
the customary rule in the literature consisting of using the futures contract with the closest maturity was used. Likewise,

the avoid the effects of volatile prices derived from the expiration of the contract and lack of liquidity in the market,9 the
transition process to the second futures contract with the closest upcoming maturity takes place one week before the last
day of operation for the current future contract.

The sample for the analysis is drawn from the time period January 3, 2000 to December 31, 2015, totaling 4,114
observations. To standardize the series of physical and futures prices, the Lagrange interpolation method was used,
estimating the data unavailable due to holidays or non-business days in a given market. It is important to bear in mind
that all of the financial series were obtained from the Bloomberg database.

For purposes of this analysis, both price series were transformed into continuous yield series as follows: 

. Table 1 summarizes the basic statistics on yields and outcomes of the unit root, autocorrelation, and



cointegration tests. As shown in Panel A, all of the mean values are positive, but small, with respect to the standard
deviations, which amounted to between 2.19% and 2.49%. This indicates a positive yield-risk relationship and greater
exposure to risk for the participants in the oil market, in particular for the Istmo and Maya crudes. Likewise, all of the yield
series showed negative skewness and excess kurtosis, which prompts a rejection of the assumption of normality due to
the presence of outlier observations and the high value of the Jarque-Bera statistic.

The results of the Ljung-Box test, Q(20) confirmed the strong presence of serial correlation in each of the series of oil
yields. This finding suggests that the conditional mean equation is the better specification to capture the phenomenon.

With respect to the behavior of volatility, the results of the Q2(20) statistic provide convincing evidence of conditional
heteroscedasticity in the squared yields of the five oil markets and the need to estimate a GARCH model for its
appropriate modeling.

The conditions of stationarity in the pricing and yield series were validated using Dickey-Fuller and Phillips-Peron unit root
tests, whose results are reported in Panel B of Table 1. The negative values close to zero and non-significant of the
statistics are too weak to reject the null hypothesis at 1%, indicating that all of the series of the logarithmic prices have a
unit root or are integrated on order one I(1). This finding could confirm the existence of a linear stationary relationship
between the two non-stationary series, meaning, between physical and futures prices. In the case of first differences,
large negative values reject the null hypothesis of the unit root, confirming that the series of yields behave like a
stationary process.

 



 

To investigate the existence of the cointegration relationship, the two-step Engle-Granger methodology was used.10

Panel C shows the results of the long-term equilibrium relationship between the logs of physical and oil futures prices.
The parameters estimated from the cointegration test are statistically significant and are above 1 for  with small
standard errors. Moreover, the cointegration for each pair of logarithmic price series is confirmed by the statistical value of
the Dickey-Fuller and Phillips-Perron tests at a significance level of 1%, indicating that the series of residuals are
stationary or zero-order integrated, I(0). These findings are important to the study because they demonstrate close
informational ties between physical and future oil prices through different negotiating platforms. In this way, it is important
to incorporate the error correction term into the equations for means and conditional variances in the bivariate EGARCH
model.

5. EMPIRICAL EVIDENCE

5.1 Transmission of Information Through Yields and Volatility

Using the physical prices yields series and the future prices yields series, this study estimated 12 bivariate VEC-EGARCH
specifications to analyze the information on the mean and volatility transmission mechanisms across the Mexican
physical oil and oil futures markets.

In Table 2, pursuant to the specification of the conditional mean, the statistical significance of the estimated parameters 
 reveals that the current yields on Maya, Istmo, and Olmeca oil are directly affected by their own performance

delayed on period. The number of lags in the mean equation was chosen pursuant to the Akaike information criterion.

In terms of the transmission of information on the indirect effects of the mean, the Mexican oil yields were positively
affected by the futures yields of the WTI and Brent, except where the WTI → Olmeca relationship was concerned. The
strongest market reaction to a change in futures prices was found in the WTI→Istmo, WTI→Maya, and Brent→Istmo
relationships with values of 0.7824, 0.7605, and 0.5258, respectively. The weakest factor was in the WTI→Olmeca
relationship with a value of -0.1847. The results indicate that the information generated in the WTI and Brent futures
markets is rapidly transmitted to the Mexican oil markets. This is fueled by the major role the futures markets play in
assimilating market expectations and reflecting them efficiently in the formation and prediction of futures prices. Moreover,
the inefficiency and lack of liquidity in the Mexican oil market obliges it to act as a taker of prices rather than a setter,
prompting rising dependency on the international markets to set the prices from abroad, despite being an oil producing
country with high production capacity.

The estimated  coefficients in the VEC model determine the speed of price adjustment to reach the long-term
equilibrium relationship between the physical oil and oil futures markets. The lack of significance in the results reveals the
absence of adjustment between the Maya and Istmo prices and the deviations from the long-term equilibrium relationship,
except for the Brent→Olmeca (1.0214) and WTI→Olmeca (1.0159) relationships at a level of 1% and 5%, respectively.
The reason for this finding rests on the similar physical and chemical traits of the Olmeca crude and the international
reference oils, because Olmeca prices are adjusted and react to imbalances in the physical and futures prices when the
price system exhibits narrow differentials. On another note, the Istmo and Maya oil prices generally do not react to the
presence of temporary deviations in the long-term equilibrium relationship in the period prior when the coefficients of the
error correction term are negative or close to zero, because physical prices require a significant increase to maintain
market equilibrium.

 

(SEE TABLE 2)

 

For the case of the conditional variance equation estimates reported in Panel B, the significance of the estimated
parameters  reveal the existence of ARCH effects in the Mexican oil markets. This result means that past innovations
have a positive and significant effect on current volatility of Mexican oil prices. For the cross-effects of short-term volatility
transmission, the significance of the  parameters only indicates volatility propagation effects in the WTI→Maya,
WTI→Olmeca, and Brent→Olmeca relationships at 1 and 5%, with strong positive impacts running from WTI and Brent to
Olmeca. This result shows that the Maya and Olmeca oil markets are evidently vulnerable, not only due to news in the
own market, but also due to unexpected shocks in the international oil futures markets. This finding can be attributed to
the mechanism adopted by the governmental authorities to set regulated Mexican oil prices, because Mexico as a
producer of oil is a taker of prices by nature rather than the position of setter.

With respect to the direct long-term effects, all of the estimated  coefficients are statistically significant at 1%, showing
strong evidence for persistence in the volatility. The past volatility of the physical oil markets has a significant effect on the
current volatility and requires a lot of time to decay. This fact is reflected most in the Brent→Maya (0.9973) and
WTI→Maya (0.9942) relationships, and can be attributed to the different physical and chemical properties between Maya
(22 API degrees and 3.3% sulfur) and the WTI (40 API degrees and 0.2% sulfur) and Brent (38 API degrees and 0.4%
sulfur). So the highest prices are found in the international markets and the price differentials are widest there, too.

https://probdes.iiec.unam.mx/en/revistas/v49n192/body/v49n192a1_table2.php


Looking at the long-term cross-market effects, the significance of the estimated  coefficients at conventional levels
reveals the existence of volatility transmission from the WTI and Brent futures markets to the Maya and Olmeca physical
markets. In absolute terms, the strongest effects run from WTI and Brent to Olmeca, followed by the Brent→Maya
relationship. This finding reveals the presence of high volatility in combination with the short- and long-term cross-market
effects, prompting burgeoning uncertainty in current physical oil prices, especially for Olmeca crude, despite the fact that
the sign of the coefficient is negative. This is because the value of the coefficient of the short-term cross-market effects is
relatively larger than that of the coefficient of the long-term cross-market effects in the respective oil markets, meaning
that the indirect ARCH effects are more important for predicting the future volatility of physical prices than the indirect
GARCH effects.

Likewise, the direct asymmetry effect and that of the futures markets toward the physical oil markets, measured by the

parameters  and  is significantly different than zero. This finding means that negative news will have a greater
impact on volatility than good news. The asymmetry effect of bad news from the WTI futures market is 1.86, 3.77, and
3.11 times stronger than the impact of good news on the Maya, Istmo, and Olmeca oil markets, respectively. The effects
of leveraging from the Brent futures market on the physical oil markets amounts to values of 1.67, 1.87, and 1.62 in the
same order. This finding explains why energy policy designers in Mexico are concerned when the positive price trend
does a drastic about-face in the short term.

Pursuant to the magnitude and statistical significance of the  parameters, which measure the effects of short-term
deviations in the equilibrium on the conditional variance of the physical oil markets, the error correction term only has a
significant negative effect for the WTI→Olmeca relationship at a level of 10%. The negative value of the coefficient
indicates that as the deviations between physical and futures prices climb to high values, volatility in the Olmeca oil
market will decline at a slow pace and price behavior will be slightly less volatile over time.

Looking at the results estimated for the futures markets reported in Table 3, it appears that just as in the case of the
physical markets, the current yields on WTI and Brent oil are affected by their own yields delayed by one period. In the

case of the mean information transmission mechanism, the majority of the  coefficients are positive and significant
at 1%, indicating the existence of bilateral effects between the physical oil and oil futures markets. Comparing their

coefficients, it emerges that . For example, the coefficient of the WTI→Istmo reltionship is 0.7824 compared
to 0.4346 for the Istmo→WTI relationship. This is evidence of stronger and faster effects flowing from the futures markets
to the Istmo and Maya physical markets, so they provide more information, which is transmitted from one market to the
other. By contrast, changes in the Olmeca oil market have a stronger effect on the futures market pursuant to the size of
their estimated coefficient, meaning more information for setting futures prices in the respective markets.

There are two external factors that could explain these results. The first is that Mexico was ranked twelfth in oil production
worldwide in 2015, with a volume of approximately 2.3 billion barrels a day pursuant to the global ranking published by
the Organization of Petroleum Exporting Countries (OPEC). The second justification is that Mexican oil exports rose to
427.9 million barrels with a customs value of 18.524 billion dollars approximately, placing Mexico in fourth place as a net
supplier of crude to the United States measured in volume, after Canada, Saudi Arabia, and Venezuela. These figures
are relevant to domestic economic growth because Mexico exercises some degree of control over international oil prices,
at least in the short term, and, at the same time, has the ability to directly and significantly influence lower-quality oil
prices.

The coefficient  of the error correction term is negative and statistically significant at 1% for all futures yields with the
exception of the Olmeca→WTI and Olmeca→Brent relationships. The reason for these results is attributed to the far-
reaching difference in the physical and chemical characteristics of Maya and Istmo and international reference crudes. In
this context, the WTI and Brent oil futures prices are adjusted and react to imbalances between physical and futures
prices when the price system displays a big gap, because the futures prices are overvalued and require a significant
increase to keep the long-term equilibrium.

Likewise, the findings do not support the hypothesis that the physical oil and oil futures markets following a progressive
integration trend. There are various causes that could explain this outcome, such as the small transaction volumes in the
Mexican oil market, transaction costs, and the price differential. Other important domestic factors relate to the fact that the
structure of the Mexican oil industry market is completely monopolized by Petróleos Mexicanos (Pemex) and there is no
futures and options market that could serve as a transparent hedging mechanism against exposure to the Mexican oil
price risk.

The results of the conditional variance equations for the WTI and Brent futures yields are outlined in Panel B of Table 3.
The  estimators of the ARCH effects are all significant at 1% and positive, meaning that past innovations have a
positive and significant effect on the current volatility of futures prices. Likewise, the statistical significance of the 
estimators reveals the presence of a high degree of persistence in volatility. The justification for this finding is in line with
the high volumes moving in the respective futures markets. These financial instruments have not only been added to
investment portfolios as an option diversify risk, but have also been added for speculative purposes, which has spurred
increasing volatility in recent years.

In terms of the short-term cross-market effect, the results or the  coefficients reveal that unexpected shocks from the
physical oil markets can have a positive impact on the evolution of the current volatility in the futures markets, which can
prompt price instability for the futures, in particular in the Istmo→WTI, Maya→Brent, and Istmo→Brent relationships. The
existence of bilateral volatility transmission effects is only attained in the WTI↔Olmeca and Brent↔Olmeca relationships



with stronger spillover effects, in terms of value, running from WTI and Brent to Olmeca, although the results are weak
due to the specification error in the conditional variance of the futures yields. These findings are explained by the capacity
of the futures markets to assimilate rapidly information from external events related to the Mexican energy reform.

Looking at the long-term cross-market effects, the  coefficients indicate that the bilateral volatility transmission effect
only occurs in the WTI↔Olmeca and Brent↔Olmeca relationships. In absolute terms, the volatility transmission process
is strongest in the WTI→Olmeca and Olmeca→Brent relationships than the opposite effect. This fact confirms the
significant function of the futures markets in the area of information transparency in the oil market, as well as the
integration of the Olmeca oil market via platforms to negotiate futures on international reference crude. The explanation
for these findings can be found in the liberalization of the energy sector approved by the Mexican congress to allow
foreign investment in to explore deepwater and ultra-deepwater wells in the Gulf of Mexico; Mexico's joining to the
International Energy Agency in 2015, in an attempt to initiate the process to improve the oil and tax regime for extraction.

Just as in the physical oil markets, the direct and indirect asymmetry effects on the volatility of futures yields are
statistically significant at 1%. The leverage effects of the physical markets Maya, Istmo, and Olmeca on the futures
markets amount to 1.91, 1.90, and 3.06 for the WTI and 2.33, 4.73, and 3.26 for the Brent, respectively, pursuant to the

magnitude and statistical significance of the  parameters of the error correction term in the conditional variance of the
futures markets. The results reveal a mixed effect. For example, it is positive for the WTI→Maya, WTI→Istmo, and
Brent→Maya relationships and negative for the WTI→Olmeca and Brent→Olmeca relationships. The positive value of the
coefficients indicates that as the deviations between the physical and futures oil prices become smaller, volatility in the
futures markets will rise at an accelerated pace, meaning that price behavior will become more volatile over time, and, as
a result, it will be more difficult to predict, and vice versa.

 

(SEE TABLE 3)

 

The findings may hold relevance for the federal government and industrial consumers of Mexican oil, as they provide
important information or develop cross-hedging strategies to help mitigate exposure to the oil price risk in times of
extreme volatility. Moreover, these financial transactions will be more transparent and performed at lower transaction
costs than hedging with sales options, characterized for having a riskier structure exacerbated by the risk of default from
the counterparties. Likewise, the analysis of price and volatility transmission patterns may offer useful information for
energy policy, in terms better understanding the vulnerability of the market to the opening of the oil sector to foreign
investment. The availability of this information could also help energy policy designers to enact effective policies and a
solid regulatory framework that guarantees the security of production and net exports in the Mexican crude basket, and,
therefore, fosters competitiveness and sustainability in the country by ramping up its presence in international markets.

However, stakeholders in the futures and physical oil markets should be careful, because the results are too weak to
explain the cross-market short- and long-term volatility effects. This is because several of the conditional variances did
not manage to eliminate the autocorrelation in the standardized squared residuals as shown in Panel C in Tables 2 and 3.
The Ljung-Box statistics with 18 lags indicate the presence of non-linear dependence on standardized squared
innovations for the Brent→Maya, Brent→Istmo, Olmeca→WTI, and Olmeca→Brent relationships. This phenomenon
characteristic of the financial series could be perhaps relaxed if structural changes were made to the bivariate VEC-
EGARCH model.

CONCLUSIONS

This paper analyzed the process by which information on the mean and volatility is transmitted across the Mexican
physical oil and international futures markets (WTI and Brent), using daily data from January 3, 2000 to December 31,
2015. The implementation of the bivariate VEC-EGARCH model with constant correlations proved insufficient to explain
the process of bilateral volatility transmission in the physical oil and oil futures markets. According to the statistical
significance of the estimates, the evidence for transmission of information related to the mean is bilateral with stronger
and faster effects from the futures market toward the Istmo and Maya oil markets, although there are also strong and
significant effects flowing from Olmeca oil to the WTI and Brent futures markets.

The reaction response to the temporary deviations from the long-term equilibrium is faster on the part of the Olmeca
physical oil market than it is for the futures markets. Looking at the short- and long-term cross-market effects, the
evidence for bilateral volatility transmission only exists for the WTI↔Olmeca and Brent↔Olmeca relationships, with the
strongest and fastest effects flowing from WTI to Olmeca in the long term and from Olmeca to Brent. Moreover, the
presence of deviations in the long-term equilibrium relationship intensifies volatility in the futures markets more than in the
physical oil markets, meaning that the error correction term contains important information for predicting conditional
volatility. The empirical findings carry significant economic and financial implications for the government, consumers, and
energy policymakers. Knowledge of the direction of information flow and the intensification of volatility can help mitigate
exposure to the Mexican oil price risk via cross-hedging strategies and the enactment of carefully designed and effective
policies that drive economic growth and improve quality of life for the Mexican people. In this study, the VEC-EGARCH
was unable to estimate changing correlations over time. This sort of problem will be dealt with in future research.

https://probdes.iiec.unam.mx/en/revistas/v49n192/body/v49n192a1_table3.php
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1 Autonomous University of the State of Mexico. E-mail address: rjg2005mx@yahoo.com.mx 

2 In this context, volatility is defined as the variation of prices in the oil market, measured with autoregressive conditional heteroscedasticity
models when the volatility changes over time. 

3 Attracted by sharply rising oil prices and the negative correlation between the energy and stock markets, institutional investors like pension
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funds and moderate- and high-risk hedge funds have started to use oil futures contracts in their portfolios to diversify risk. 

4 Due to the high-density and low-sulfur content of oil, it is important to remember that these stock exchanges trade in futures contracts for
internationally-referenced oil, like the West Texas Intermediate in the United States (WTI) and the North Sea Brent of London. 

5 An information shock is any event that could have a significant impact on prices or volatility in the energy markets. 

6 MCX is the main exchange for multiple commodities in India. 

7 The term innovation is another way to express the existence of positive and negative shocks on yields. Moreover, positive and negative
shocks of the same magnitude have different effects on volatility. 

8 This basket of crudes serves as the principal watermark for setting prices in the Mexican Export Mix. 

9 As futures contracts approach their expiration dates, the concentration of market activity moves immediately to the second futures contract
with the closest upcoming maturity, which automatically raises the transaction volume and interest open. 

10 For a more detailed technical description of the cointegration method, see Engle and Granger (1987).
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