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Resumen

En este trabajo examinamos el impacto de la incertidumbre del precio del petróleo en los rendimientos 
del mercado accionario de México. La incertidumbre del precio internacional del petróleo es aproximada 
mediante la desviación estándar condicional del pronóstico de error de un paso adelante de la variación 
en el precio del petróleo. Con tal fin estimamos un SVAR-MGARCH en media con datos mensuales de 
los rendimientos del precio internacional del petróleo y del índice de precios y cotizaciones de la Bolsa 
Mexicana de Valores, ambos en términos reales de enero de 1975 a septiembre de 2018, cuya principal 
ventaja es que permite la estimación simultánea tanto de la media como de la incertidumbre. Los resul-
tados revelan que la incertidumbre del precio internacional del petróleo no tiene un impacto inmediato 
en los rendimientos del mercado accionario. No obstante, los resultados muestran la presencia de efectos 
asimétricos de corto plazo ante choques negativos y positivos del precio internacional del petróleo.

Códigos JEL: C32, G10, G15, Q43
Palabras clave: Precios del Petróleo; Rendimientos Accionarios; Volatilidad; Modelos GARCH; Energía; Mercados 
Emergentes
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Introduction

Recently, world energy prices have shown instability (Aye, 2015). In fact, there have been 
periods of great volatility in international oil prices even though their average level has remained 
constant (Baskaya et al., 2013).Volatility is an inherent characteristic of oil prices in general, 
due to its vast use as input in the production process, and as a consumer good (Swanepoel, 
2006). Similarly, it is recognized that oil price volatility can have a major influence on global 
economy. This characteristic has raised concerns among economic policymakers, international 
institutions, politicians, and investors, with regard to the possibility of a detrimental impact 
on macroeconomics (Aye, 2015). Consequently, researchers have become more interested in 
the understanding of the nature of the link between oil price volatility and macroeconomic 
performance.

Several studies have focused on the impact of oil price uncertainty on certain real 
macroeconomic variables, such as consumption, investment, and growth. Along with this 
interest in studying the impact of oil price volatility and uncertainty on economic activity, 
the recent global financial crisis has also drawn attention to the stock market. In this context, 
understanding how oil prices impact stocks has become relevant and critical for different 
funds, such as hedge funds, commodity indices, and other financial institutions (Maghyereh 
and Awartani, 2016).

Theoretically, the prices of the assets are determined by the discounted cash flows (Fisher, 
1930; Williams, 1938). In this manner, the factors that come into play in the expected cash 
flows have a significant impact on stock prices (Bass, 2017). In general terms, any increase 
in the price of oil would result in an increase in costs, limiting the earnings and, to a greater 
degree, it would cause a decrease in the stockholder value. Therefore, any increase in the price 
of oil would entail a decrease in stock prices (Filis et al., 2011).

According to Bjornland (2009) and Jiménez-Rodríguez and Sánchez (2005), in an oil-
exporting country, an increase in the price of oil has a positive impact, as it increases the income 
of that country. If aggregate income increases, spending and investment increase, which in turn 
raises productivity and decreases unemployment. In this scenario the stock market tends to 
respond positively.

Abstract

In this work, the impact of oil price uncertainty on Mexican stock market returns is examined. The 
uncertainty of the international oil price is approximated through the conditional standard deviation of the 
error forecast one step ahead of the variation in the oil price. To this end, a SVAR-MGARCH-in-mean 
model was estimated with monthly data of the international oil price returns and the Mexican Stock 
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In an oil importing country, an increase in the price of oil can have adverse effects (LeBlanc 
and Chinn, 2004; Hooker, 2002) as oil is one of the main production factors used by companies 
and households. This leads to an increase in costs (Filis et al., 2011; Arouri and Nguyen, 2010; 
Backus and Crucini, 2000; Kim and Loungani, 1992). This increase in prices is transferred to 
companies and households, which can lead to inflationary pressures and a fall in the demand of 
families with an elastic demand function (Bernanke, 2006; Hamilton, 1988). Reduced demand 
and rising inflation expectations lead to declining output and employment (Lardic and Mignon, 
2006; Brown and Yücel, 2002; Davis and Haltiwanger, 2001).  This ultimately deteriorates the 
macroeconomic environment and leads to a negative stock market reaction (Sadorsky, 1999; 
Jones and Kaul, 1996). Filis et al. (2011) point out that shocks to oil prices can influence the 
stock market through uncertainty, which in turn affects the stock market according to their 
origin, either on the supply or demand side. If the oil price shock comes from the demand side, 
then the reaction of the stock market can be positive, conversely, if it comes from the supply 
side, the impact can be negative (Bass, 2017).

Ross (1989) suggests that volatility in price change can be a good approximation of the 
information flow rate in financial markets. In consequence, oil price volatility shocks can have 
an impact on real stock returns.

Another interesting aspect that has caught the attention of researchers is the fact that the 
impact of oil price is asymmetric, that is, the impact of an increase in the price of oil is not 
the same as that of a reduction in price (Aye, 2015). Sadorsdy (1999) provides two possible 
explanations regarding the asymmetric effects of international oil price shocks in economic 
activity. The first suggests that what is important is the magnitude of the changes in the relative 
prices. The second has to do with the irreversibility of the investment under uncertainty and 
emphasizes that there is an option value associated with the wait-to-invest.

Nevertheless, despite this growing interest, research on this topic has mostly been carried 
out for developed countries. Studies on developing countries are limited and the majority 
focuses on the stock markets of oil-importing countries, while only a few have been done for 
oil exporting countries (Awartani and Maghyereh, 2013; Basher et al., 2012; Chen, 2010; Elder 
and Serletis, 2010; Maghyereh and Al-Kandari, 2007; Maghyereh and Awartani, 2016; Jones 
and Kaul, 1996; Maghyereh, 2004; Kilian and Park, 2009; Masih et al., 2011; Sadorsky, 1999; 
Wei, 2003).

In this work, the aim is to determine whether the uncertainty associated with the international 
price of oil affects the Mexican stock market. To this end, a modified general bivariate model 
that incorporates a GARCH term into one of the equations of the mean is used, thus avoiding 
the regressor problem generated by Pagan (1984), which relates to the estimation of the 
variance function parameters separately from the conditional mean parameters by estimating 
all parameters simultaneously through the maximum likelihood method with complete 
information, as proposed by Elder (1995; 2004) and Elder and Serletis (2010).

Review of the Empirical Studies

This section presents a summary of the main studies that have addressed the relationship 
between oil price uncertainty and stock market prices, or its returns, from oil importing and 
exporting counties.

A brief review of the literature that has addressed this relationship is presented in Table 1.
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Table 1.
Summary of the relevant empirical studies
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Given the results presented in Table 1, the following can be highlighted: i) research on the 
subject has focused on developed countries, hence the relevance and importance of researching 
emerging economies; ii) existing studies are mainly devoted to the analysis of the relationship 
between oil prices and the market value of stocks, studies on the impact of oil price uncertainty 
on stock markets are scarce; iii) evidence from previous studies is mixed (Bass, 2017), in this 
manner, some researchers have come to the conclusion of an existing relationship between the 
uncertainty of oil prices and stock market returns, while others have concluded the absence of 
said relationship; iv) most of the studies symmetrically analyze the reaction of the stock market 
to the positive and negative shocks of uncertainty in the oil prices.

Methodology of Econometrics

In order to determine whether oil price uncertainty affects stock market activity in Mexico, 
the model used was that developed by Elder (2004), utilized in Elder and Serletis (2010), which 
is a bivariate model for stock market returns (at market prices) and oil price fluctuations. The 
model consists of a structural VAR modified to take into account the parametric conditional 
heteroscedasticity of a bivariate GARCH-in-mean. The dynamics of the structural system 
can be summarized by a linear function of the sample variables and the terms related to the 
conditional variance, which can be represented as follows:

Expression in which dim  order matrices,  is a diagonal matrix, and   
 is a polynomial matrix in the lag operator. While yt is a vector containing real oil price and 

stock market index growth rates in real terms (returns),  represents the uncorrelated structural 
disturbances in the system and  is the set of information available in time t-1.

The model presented in equation (1) allows the conditional matrix of standard deviations   
 to impact the conditional mean, which makes it possible to verify the hypothesis of the 

impact of the uncertainty of oil prices on stockholder returns through the significance of one of 
the components of the matrix , this coefficient is expected to be negative and statistically 
significant.

Conditional variance Ht is modeled as a bivariate GARCH, which is a general version of the 
representation of Engle and Kroner (1995):
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Where , where  is a matrix and G are matrices 
. This specification does not guarantee that Ht is defined as positive. 

According to Elder (2004), when an assumption is incorporated that allows the structural VAR 
to be identified, the function of variance is substantially simplified, written in terms of structural 
disturbances. Under a simultaneous correlation of structural disturbances equal to zero, the 
matrix of the conditional variance Ht is diagonal, reducing the number of variance function 
parameter requirements. In this way, it is possible to write the reduced variance function as 
follows:

Where diag is the operator that extracts the diagonal from a square matrix. The second 
and third terms in equation (3) represent the terms ARCH and GARCH. By imposing an 
additional restriction, that the conditional variance of yi,t depends solely on its own past errors 
and conditional variances, the parameter matrices Fj and Gi are also diagonals. The function of 
variance is estimated with J = I = 1, which is a specification for a VAR-GARCH (1,1) -in-mean 
model.

The bivariate VAR-GARCH-in-mean modelis represented by equations (1) and (3), which 
are estimated using the maximum likelihood method with complete information to avoid the 
problem of the generated regressor related to the estimation of the variance function parameters 
separately from the conditional mean parameters (Pagan, 1984; Bass, 2017).

The estimation procedure consists of maximizing the likelihood logarithm with respect to 
the structural parameters , where:

According to Elder and Serletis (2010), pre-sample values of the conditional variance matrix 
H0 are determined according to their unconditional hope and are conditional on the values of 
the sample. Additionally, the following restrictions are imposed to ensure that H1 is defined as 
positive and that  has stationary covariance: i) that Cv is positive; ii) that F contains non-
negative elements; and iii) that the eigenvalues of (F + G) have a module less than one (Aye, 
2015; Bass, 2017). If standard regularity conditions are met, the maximum likelihood method 
with complete information provides asymptotically normal and efficient estimates.

By imposing the usual identification conditions on autoregressive vectors, it is possible 
to estimate the B free parameters subject to the rank condition. Following Aye (2015) and 
Bass (2017), in order to comply with this condition, the following restriction was imposed: the 
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Real price of West Texas Intermediate

returns of the Mexican stock market respond to the shocks of real international oil prices, but 
not vice versa.

Similarly, it is possible to test asymmetric effects of real international oil price shocks on 
stock market returns in real terms. To this end, the impulse-response functions are used. The 
impulse-response functions of VAR-GARCH-in-mean are estimated according to the proposal 
by Elder (2003), and the confidence intervals are determined according to the Monte Carlo 
method (Hamilton, 1994). Responses to simulated shocks are derived through the maximum 
likelihood method of the model. From the parameter values randomly extracted from the 
sample distribution of the maximum likelihood estimators, confidence intervals are generated 
from the simulation of 1000 impulse-response functions.

Data

International oil price returns were calculated from the West Texas Intermediate (WTI) 
price, which was obtained from two sources: from January 1975 to December 1985 it was 
taken from Balcilar, Gupta, and Miller (2015), while from January 1986 to September 2018 
the series comes from the U.S. Energy Information Administration (EIA)1. To express it in 
real terms, it is deflated with the U.S. consumer price index. Meanwhile, stock market returns 
were obtained from the Index of Prices and Quotations (IPC for its acronym in Spanish) 
expressed in local currency and in real terms from the Mexican Stock Exchange (BMV for its 
acronym in Spanish), this last series was extracted from Economatica. In this manner, there are 
a total of 525 observations of the two series. Both series of returns were obtained from their 
first logarithmic differences.The choice is made to use local currency returns to isolate the 
effect of the exchange rate; Bass (2017) carries out a similar procedure for the case of Russia. 
Conversely, Aye (2015) converts the international price of dollars to the South African rand 
in order to not ignore the effect of the exchange rate. However, Aye (2015) stresses that his 
conclusions remain, regardless of whether the oil price is expressed in dollars or in the local 
currency of South Africa.

Figure 1 shows the evolution of the real price of oil and its returns in the analysis period. 
Figure 2 presents the evolution of the Index of Prices and Quotations in local currency and its 
returns.

1 https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=rwtc&f=m

Figure 1. Real oil price (West Texas Intermediate) and its returns(1975:1-2018:9)
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Returns of the real price of West Texas Intermediate

Figure 2. Index of Prices and Quotations and their returns in local currency in real 
terms(1975:1-2018:9)

Empirical Results

Table 2 shows the results of the Lagrange multiplier unit root tests with two changes in 
(mean) level.
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Parameter

Estimate
t statistic

Parameter

Estimate
t statistic

-0.0134
-4.0287

-0.0134
-4.0287

 

-0.1486
-2.0152

 

-0.1486
-2.0152

 

-0.2724
-3.6494

 

-0.2724
-3.6494

 

-0.7178
-16.9791

 

-0.7178
-16.9791

Table 2. 
Endogenous two-break Lagrange multiplier unit root test

Table 3. 
Model Specification Tests
1984:2 – 2017:4

Logarithmic difference of international oil price in real terms. 
Model A: k = 0, TB1=1985:12, TB2 =2008:11, N = 519.
Critical value at 5%: -3.842 (T=100)

VAR model and sample                    VAR VAR with MGARCH-M

Real oil price and stock market returns 7423.46 7188.48

Logarithmic difference of the Index of Prices and Quotations in real terms. 
Model A: k = 0, TB1=1975:7, TB2 =2018:9, N = 519.
Critical value at 5%: -3.842 (T=100)

As can be seen in Table 2, the results of the two-break unit root tests in the mean reveal that 
both series are stationary. Bearing in mind that both series are stationary, the SVAR-MGARCH-
in-mean model is estimated on average with the returns of both oil prices in real terms and those 
of the Index of Prices and Quotations, also in real terms, by including 1 lag according to what is 
suggested by the Akaike and Schwarz criteria. The results of the specification test are presented 
in Table 3.

The Schwarz criterion values reported in Table 3 indicate that the VAR, with both real oil 
price and stock market returns with GARCH-in-mean effects, better captures the characteristics 
of the data as compared to the homoscedastic VAR.

Table 4 reports the estimated coefficients of the conditional variance equations for each 
of the variables incorporated in the model. The values of the estimated parameters clearly 
show that the coefficients of the terms ARCH and GARCH are statistically significant for both 
variables. These results provide additional support to the validity of the SVAR-MGARCH-in-
mean model.
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Table 4.
Estimated Variance Function Coefficients of the VAR MGARCH-M

Table 5. 
Estimated Oil Volatility Coefficients

Note: The numbers in parentheses are the absolute values of the asymptotic statistics.
** Indicates significance at a level of 5%.
* Indicates significance at a level of 10%.

Equation of 
the returns

Of oil

Of the stock market

Economic activityindicator

IPC

Conditional 
variance

H1,1(t)

H2,2(t)

Constant

32.02**
(12.14)

0.473**
(2.25)

0.456**
(5.49)

0.150**
(8.54)

0.00
-

0.859**
(55.23)

-0.028
(-0.29)

Note: The numbers in parentheses are the t-statistics associated with each estimated 
parameter.
** Indicates significance at a level of 5%.
* Indicates significance at a level of 10%.

The effect of the international oil price uncertainty on the Mexican stock market returns is 
presented in Table 5. This table shows the punctual estimate of the parameter of interest and its 
corresponding asymptotic statistic in parentheses. As can be seen, this coefficient was negative 
but is not significant. From this, it can be concluded that for the Mexican stock market there is 
no evidence that the uncertainty of the real international oil price negatively impacts real stock 
returns. This result is in contrast to what most studies have found for other markets.

Oil Volatility Coefficient

The impact of oil price uncertainty on the dynamic response of stock returns is assessed 
through impulse-response functions, which are simulated from model parameter estimates 
obtained by the maximum likelihood method. In order to compare impulses with those of a 
homoscedastic VAR, the magnitude of impulse responses used to simulate impulse-response 
functions is based on an oil price shock that is equal to the unconditional standard deviation 
of the change in oil price. To examine whether responses to positive and negative shocks are 
symmetric or asymmetric, the response of stock returns to both types of oil price shocks is 
simulated. The impulse-response functions (solid lines) and the error bands to a standard 
deviation (dotted lines) are presented in Figure 3. The impulse response indicate that a positive 
oil price shock tends to immediately and significantly reduce stock returns of the market in 
Mexico.
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Figure 3. Response of stock returns to positive and negative oil price shocks

Figure 4. Response to a standard deviation to positive and negative shocks to the real oil price 
with and without GARCH-in-mean effects.

On the other hand, the dynamic response of stockholder returns to a negative oil price shock 
tends to increase the profitability of the stock market immediately within a month, after this 
time the effect tends to dissipate. In this way it is observed that the returns of the stock market 
show asymmetric effects before positive and negative shocks of the international oil price.
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Finally, the responses of stock returns are compared to positive and negative oil price shocks 
with and without the mean term shown in Figure 4, where confidence bands are suppressed for 
clarity. In Figure 4, the solid lines represent the response of stock returns to an oil price shock 
in the model that incorporates oil price uncertainty into the stock return equation, while the 
dotted lines represent the response of stock returns after an oil price shock excluding oil price 
uncertainty from the stock return equation. The graph shows that the pattern associated with 
the multivariate VAR-GARCH-in-mean is very similar to that of the homoscedastic VAR. This 
suggests that the multivariate VAR-GARCH-in-mean is an appropriate model specification to 
capture the influence of oil price uncertainty on stock returns.

Conclusions

In this work the effect of international oil price uncertainty on the stock market returns in 
Mexico is researched through a SVAR-MGARCH-in-mean model with monthly data in the 
period from January 1975 to September 2018.

The uncertainty of the oil price was estimated as the conditional standard deviation of the 
forecast error one step ahead of the change in the oil price. Based on the informative criterion 
by Schwarz, the results show that the VAR with GARCH-in-mean effects better represents 
the data compared to the conventional homoscedastic VAR. Similarly, no evidence was found 
to support the hypothesis that the uncertainty of the international oil price has an immediate 
negative impact on stock returns in Mexico. However, the analysis of the asymmetric effects 
through the impulse-response functions shows that, before a positive shock of the international 
oil price, the stock returns tend to decrease abruptly and later tend to reverse this effect and 
dissipate in a relatively short period of time. On the other hand, the dynamic response of stock 
returns to a negative oil price shock is that they tend to increase up to about one month after the 
shock, and after this period, this impact is reversed to be diluted after three months.

This implies that the response of stock returns to the positive and negative shocks of equal 
magnitude of the price of oil is asymmetrical. The evidence also shows that the pattern of 
impulse-response functions of VARs with and without in-mean effects is very similar, which 
allows concluding that the VAR model with GARCH-in-mean effects is an appropriate 
specification to capture the influence of oil price uncertainty on stock returns.

It is important to emphasize that the result of non-significance of the parameter that captures 
the impact of the uncertainty associated with the international price of oil in the equation of 
mean stock returns in Mexico is not consistent with most of the results of empirical studies 
carried out with this same methodology for other countries. Nevertheless, the results of the 
asymmetric impacts on the dynamics of returns show behavior patterns similar to those found 
by the same studies.

The results obtained from this study have potentially important policy implications 
for investors, market participants, and policymakers. For example, investors and market 
participants should be aware of the links between international oil price uncertainty and stock 
returns when using oil to cover and diversify their portfolios, particularly in economies where 
oil is important for economic growth.

In general terms, policies that reduce the volatility of the international oil price will benefit 
the stock market in Mexico by reducing import bills and expanding exports through the 
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