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SOME ASPECTS OF APPLICATION OF VECM ANALYSIS
FOR MODELING CAUSAL RELATIONSHIPS BETWEEN
SPOT AND FUTURES PRICES

Summary

The article is devoted to the issue of the application of economettic concept of cointegration and error
correction models (VECM) to study the relationship between futures prices and spot prices. The author
attempted to identify the determinants of the use of this methodology with respect to the relationship of spot
and futures prices. In case of the prices of futures contracts and their underlying instruments causal modeling
is associated with the need to deal with the multiple problems resulting from the specific nature of this
dependency. These problems affect both the proper preparation of the data, as well as adaptation of the
methods to the nature of the investigated phenomena. The article also points out the possible interpretation
of the results of the VECM analysis in the context of the theory related to spot and futures prices linkages.

Keywords: VECM, cointegration, spot prices, futures prices

1. Introduction

In recent decades there has been a tremendous rise of derivatives markets reflected
on the one hand by a huge variety of instruments offered on these markets, and on the
other hand by increasing volume traded. Derivatives offer the ability to manage the risk
of changes in prices (of goods, interest rates, exchange rates, etc.) and thus, they are
widely used in business practice, especially for manufacturing and trade. On the other
hand, there are highly leveraged products, and therefore these instruments themselves
are of high risk.

A major category of derivatives are futures contracts today, which are offered on
regulated markets, mainly on commodity, currency and stock exchanges. The existence
of linkages between futures price and the price of the undetlying instrument (spot or
cash) appears to be obvious, because it arises from the origins of a contract, which is
structured as a derivative of another instrument. The nature and extent of these
relationships, however, are widely studied for decades because of the practical
importance of this issue. The first significant works on this problem date back to the
30’s of the last century. Keynes [1930] and Hicks [1939] developed the concept of
Normal backswardation, referring to the relationship between futures prices and expected
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cash prices. Starting from the 90s, scientific research on the links between cash and futures
markets with respect to the causal relationships became a predominant trend. These
studies were possible because of the development of a methodology based on vector
autoregression models, introduced by Sims [1980]. These methods, which include
cointegration analysis, vector autoregression models (VAR) and their transformation
— error correction models (VECM), could be a starting point for the analyses allowing
for causality inference (in Granger sense) with respect to the spot and futures prices.

The purpose of this article is to consider specific features of application of economettic
methods including VECM modeling to analyze the causal relationship in Granger sense
between futures prices and their undetlying instruments. These reflections are presented
in the context of the nature of the futures prices and the undetlying spot. Furthermore,
in the article a characteristic of this relationship was presented, which distinguishes these
linkages and requires a specific approach to the VECM modeling in this area. Basing
on a review of the previous empirical studies, the optional solutions for practical
applications of this method were analyzed.

2. Long-run relationships investigation in economic phenomena

Econometric concept of cointegration refers to the relationships that occur in non-
-stationary processes, that time series are realizations of. Wherein non-stationarity in
this case should be understood as the absence of a weak (covariance) stationarity, ie.
when the conditions for the finite and fixed in time average, variance and covariance
of the process are met. Non-stationary variables are cointegrated if there is a long-term
relationship between them, which is a process with a lower degree of integration
[Charemza, Deadman, 1997]. An example of cointegrated seties can be futures quotations
and quotations of the underlying instrument (see Figure 1.). This is the case of
cointegration CI (1, 1).

According to the definition of Engle and Granger [1987], two processes x; and y,
are cointegrated of order 4, bi.e. x, y, ~CI(d, b), where d = b > 0 if:

1. both series are integrated in the same degree 4,

2. there is a linear combination of these vatiables SBix; + /), which is integrated

in d-b degree, where i, [ are elements of the cointegrating vector [ ).

In the literature, there are two most common types of cointegration tests: the Granger
procedure and the Johansen procedure. Johansen test is newer than the Granger
procedure and it is considered to be more appropriate in view of the fact that it provides
more efficient estimators, can also be carried out when the distributions of residuals are
not normal and heteroscedastic. Moreover, it does not depend on the ordering of the
variables in the regression equation [Kavussanos, Nomikos, 2003]. Johansen procedure
is based on the trace test and the maximum eigenvalue test, which are conducted on the
foundation of error correction model specified as follows [Kusidet, 2000]:

Y
AY; = lI“ODI + HYt—l + ZHjAY;—/ + s; (1)

=1
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where: Ay, — vector of the first differences of the current values of analyzed processes
for 7 dependent variables, y, = [y15 924 - .., %], D: — vector of deterministic components
of the equations, such as intercept, time variable, dummy variables, including seasonal
variables, Wo — matrix of parameters standing by variables of vector D,, II— product
of cointegrating vectors matrix and adjustment matrix, p —maximum lag of endogenous
variables, &, ~N(0,£)), where Q is covatiance matrix of the random component.

FIGURE 1.
WIG20 index futures prices (series FW20U12) and WIG20 prices in the period
2012-03-14 — 2012-07-14
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Source: Own tesearch based on WSE data [electronic document: http://gpw.com.pl, date of
access: 10.01.2014.

In both — the trace test and the maximum eigenvalue test — rank of matrix IT is
validated. Johansen [1988] showed that the rank is equal to the number of independent
cointegrating vectors. In the case of two variables, if the test results show that rank
I1=0, then there is no cointegration relationship and model appropriate for describing
the causal relationship (in Granger sense) between the two variables is VAR for first
differences. If rank IT1=1, then there is only one cointegrating vector, which is
a prerequisite for the estimation of VECM model, and if rank IT=2, it can be assumed
that the variables of vector y; are stationary and model (1) is VAR model for the variables
in their levels.

Cointegration analysis preceded by the analysis of stationarity of time series allows
therefore to choose the appropriate model (VAR or VECM) to test Granger causality.
The definition of Granger causality states that the variable X is the cause of the variable
Y, if future values of Y can better predicted on the basis of the available set of information
than using the information other than X, [Osinska, 2008]. The Granger representation
theorem states that if there is cointegration between the variables, then there is
a representation in the form of error correction model. The relationship between such
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variables can be interpreted in terms of causality, as far as it is justified, for example by
economic theory.

The presence of a single cointegrating vector in time series indicates that the better
model for the analysis of causal relationships in the studied phenomena is error correction
model. It allows distinguishing between long-run and short-run dependence. The ability
of two variables to remain in the long-run equilibrium is evaluated on basis of the
significance of the parameter standing next to the error correction term in a given VECM
equation. One can then specify the vatiable, due which the correction of the deviation
from the long-term equilibrium takes place. On the basis of VECM it is also possible to
conduct Granger causality test, which allows for the statistical inference of causality in
the short run. The test procedure involves comparing estimated error correction model
with a new model VECM with zero restrictions imposed on the coefficients of the variable
which causality in the equation is examined. Granger causality test procedure for the
VECM model is presented for example in [Osifiska, 2008].

3. Relationship between spot and futures prices and causality

Linkages between cash and futures prices arise from the nature of the derivative.
They are also reflected in the theoretical models of contract pricing. The most well-known
formula for the valuation of futures prices is cost-of-carry model, introduced in the
eatly 80's by Cornell and French [1983]. This model has been developed for the valuation
of forward contracts. Under conditions of non-stochastic interest rates, it is assumed
however, that futures and forward prices ate the same (for instruments characterized by
the same parameters), and the formula for cost-of-carry is also used for pricing of futures
contracts traded on regulated exchange markets. Depending on the category of the
underlying instrument (commodities, currencies, interest rates, equities) formulas
used to calculate the fair value of the futures contract in the model cost-of-carry vary.
For each of the underlying instruments, there are different costs of storage. For example,
cost-of-carry model for stock and index futures contracts, which are the most popular
among investors, takes the form:

FI/, =8, 0" ¥)
where: F17, — theoretical futures contract price at the moment # ; — spot price at the
moment #, r — risk-free rate, ¢ — dividend yield (the ratio of dividends per share and
the matket price of shates), T= 7/365 — time to matutity of the contract (# — number of
days to maturity).

The concept of the cost-of-carry model is a basis for assumption that the current
futures price is equal to the price that would be paid for the underlying instrument at
the moment and the cost of its storage to a certain moment in the future. This moment
is determined by the needs of the investor involved in the contract, and it is defined by
the maturity of the contract. Connection between futures price and cash price described
by the cost-of-carry model is also often presented in a slightly different way [Stoll,
Whaley, 1990]:
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Ry, =(r=q)+ Ry, G)
where: K, — rate of return of the undetlying instrument, Ry, — rate of return of futures
contract.

There is also another concept of the futures and spot price relation, different form
the cost-of-carry. According to that concept the price of a futures contract at a given
moment is equal to the sum of the price of the underlying good S, expected risk
premium E/[P(T}#)] and expected change in the spot price E[S7-$] [Fama, French, 1987]:

F/:S/+E/[P(T’f)]+E/[ST_Sl] (4)

The implication of both, cost-of-carry model and model the expected risk premium,
is the existence of a stable long-term relationship between spot and futures prices [Asche,
Guttormsen, 2002]. Also assuming that the conditions underlying the cost-of-carry
model are met, i.e. no transaction costs, short sale restrictions, the lack of information
asymmetry, etc., then, considering equation (3), it can be concluded that changes in cash
prices and futures prices should remain simultaneous, without any delay of one rate of
return relative to the other [Lafuente, Novales, 2003]. In most markets, however, causal
relationships between spot and futures prices in terms of Granger are observed. Green
and Joujon [2000] showed that bi-directional causality (i.e. when the spot price changes
are the cause of changes in prices of futures and vice versa), as well as one-directional, does
not contradict the fact that prices are formed on the basis of cost-of-carry model.

A number of studies carried out on the wotld exchange markets have been devoted
to the issue of Granger causality between prices of futures and undetlying instruments.
A detailed review of the results of most studies conducted since the 80's to the 90’s of
the last century was provided by Sutcliffe [2006]. The findings of these studies can be
generalized concluding that causality more often runs from futures to spot, therefore
futures market more frequently is leading in relation to the undetlying instrument market.
The reverse situation is much rarer, as the two-way causality. Another regularity disclosed
in the studies is the causal relationship in prices depending on the degree of development
of markets. In the less developed markets, spot and futures prices are usually less
synchronized, so one of the markets clearly follows the other, than it takes place in
more mature markets. This could mean, therefore, that the more efficient markets, which
are generally mature markets, the weaker (or does not exist at all) leading role of one of
the markets in the disclosure of the price. The above considerations apply when both
markets are sufficiently liquid, because low market liquidity is a factor reducing the speed
of the influx of new information in the prices of listed securities. However, one can
distinguish other factors that can delay this process, such as limitations of the trading
systems operating in a given stock exchange, the amount of transaction costs, price
limits, etc.

4. Specific features of VECM modeling in case of spot and futures prices
relationship

In particular, when relationship of two variables such as spot and futures prices is
modeled, VECM equations can be written as follows:
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where: Af,—logarithmic rate of return of futures contract, Ay, — logarithmic rate of return
of underlying instrument, asg, aro — intercepts, as; bs; ar; br; — short-run coefficients,
ECT,; — etror correction term, as, ar — long-run coefficients, £;, — deterministic variables,
¢s,5 ¢ri — coefficients standing next to the deterministic variables, p — maximum lag of
variables Af; and As:. &y, &5, — random components (Gaussian white noise).
Modeling Granger causality in the prices of futures contracts and their underlying
instruments is associated with the need to deal with the multiple problems resulting from
the specific nature of this relationship. These problems atfect both the proper preparation
of the data, as well as adjusting methodology, which is expected to correspond to the
nature of the phenomena examined.

TABLE 1.
Examples of causal analysis of spot-futures prices of different data frequency

Data frequency | Examples of empirical research

daily [Bohl et al.,, 2011], [Ozen et al., 2009], [Nieto et al., 1998], [Chen,
Zheng, 2008], [Green, Joujon, 2000];

1-hour [Gwilym, Buckle, 2001];

15-minutes [Gosh, 1993], [Hodgson et al., 2006], [Cheung, Ng, 1999];

5-minutes [Stoll, Whaley, 1990], [Chiang, Fong, 2001], [Frino, West, 1999],
[Abhyankar, 1998];

1-minute [Dwyer et al., 1996], [Kawaller et al., 1988], [Pizzi et al., 1998];

tick-by-tick [Chu et al,, 1999], [Fung, Jiang, 1999];

Source: own research

The first of the significant problems that causal modeling involves is the choice of
frequencies of analyzed transactional data. In this case there are a lot of possibilities —
from the data of the highest frequency of observation (tick-by-tick), through intraday
observations at regular time intervals (e.g. 5 -, 15 -, 30 -, 60 - minute) to the observations
of closing prices (see Table 1.). Analyses carried out on closing prices allow avoiding
non-synchronicity problems with the spot and futures transactional prices. Usually
there is no need to reject non-ovetlapping observations over time, which could bias causal
modeling results. This problem occurs in the case of intraday data, but in the era of high
frequency investments analysis of trading data based on a frequency higher than the daily
seem to have more practical value. They allow disclosing causal relationships that are
manifested in very short time intervals. In addition, the analysis of high frequency data,
also in terms of causal relationships between the prices of different instruments,
contributes to the study of market microstructure, which is defined as a set of features
and mechanisms of a particular market, which determine how prices are formed, and
under what conditions and at what time transactions occur [Doman, 2011]. It should be
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noted, however, that in the analysis of high frequency data, especially in the case of
intra-day study of phenomena relating to the financial markets, hybrid models are often
used. They, in addition to the error-correction mechanism, involve structures allowing
for the modeling of irregular variability, typical for financial time seties. Such models can
take various forms, e.g. VECM-DCC-GARCH [Bohl et al., 2011], VECM-TGARCH
[Floros, 2009], VECM-SV [Pajor, 2006].

Another problem emerging in the context of cointegration analysis and causality
modeling is the issue of deterministic variables in the VECM equations. In the VECM
models (and in general VAR) in a matrix of deterministic variables seasonal variables can
appear. However, in the case of futures and spot prices, which tend to be cointegrated,
they do not seem to be necessaty. If both seties have the same linear trend and seasonality,
there is no need to take account of seasonal variables as deterministic variables [Gorecki,
2010]. However, deterministic variables are often used to represent lack of continuity in
the data set and they are applied to avoid structural breaks in the series, especially in the
case of intraday data [Green, Joujon, 2000; Kavussanos, Nomikos, 2003]. Such variable
might be the number of days between consecutive sessions, which determines overnight,
weekend or holiday break. An additional dummy-variable can also mark the moment of
rollover of the series of contracts, because usually tested futures price time series are
composed of many combined seties.

In the cointegration analysis it is acceptable to adopt a priori the form of cointegrating
vector [Charemza, Deadman, 1997; Majsterek, 2005]. This assumption is also possible in
the case of long-run dependencies between futures prices and cash prices. Then, the
natural representation of the cointegrating vector is futures basis 4. Basis is a primary
indicator of the relationship of spot and futures prices for the given moment. The
effectiveness of hedging strategies depends on its value and stability. The formula of
basis is expressed as the difference between the price of the underlying asset (§)) and
the price of futures contract (F)):

b,=8,-L )

Basing on the appropriate statistical tests one can show that time seties of the spot
and futures prices usually are non-stationary i.e. they are realizations of the process I(1).
Thus, they are cointegrated if there is a stationary linear combination of them. This
condition in a natural and intuitive way corresponds with the concept of basis. Alexander
[1999] and Green and Joujon [2000] pointed out, however, that the basis, which represents
cointegration relationship, is expressed in a slightly modified form, as the difference
between the logarithms of spot and futures prices:

by=s,~ )
where 5, =InS), and ;= InF,

The theoretical foundation for adaptation of the basis as a cointegrating vector has

been presented by Brenner and Kroner [1995], and its empirical verification was cartied
out by Bohl et al. [2011].
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5. Interpretation of the results of VECM modeling

The presence of causal relationships between spot and futures prices can be considered
in relation to Efficient Market Hypothesis (EMH). The concept of informationally efficient
market has been introduced by Fama [1965] in the 60's of the last century. According to
the EMH in the efficient market all the information is already reflected in the prices, so
it is not possible to predict future price movements and maintaining long-term rate of
return higher than the market benchmark. The ability to obtain better forecasts of vatiables
using past values of other variables contradicts the conditions of informationally efficient
markets. Therefore, the analysis of Granger causality is also used to verify the EMH
on cash and futures markets. The use of VAR and VECM models to verify the efficient
market hypothesis is desctibed i.e. in [Maddala, 2006]. An example of the application of
this methodology for the analysis of the market efficiency provided Nieto et al. [1998].

However, in the literature of the subject, in regard to cointegration existing between
the prices of instruments listed on the exchanges, there are different views on their impact
on the efficiency of markets. Kuhl [2007] argued that the presence of cointegration
is in contradiction with the existence of a weak form of efficiency. On the other hand,
Sweeney [2003] demonstrated that the presence of cointegration is not related to the
efficiency of the market, but only under certain conditions. Hakkio and Rush [1989]
presented arguments for cointegration determining the existence of the efficiency of the
market. Similar conclusions are presented by Mall et al. [2011]. They found the existence
of cointegration between the index futures market and the underlying market to be
closely related to the informational efficiency.

The results of the cointegration and causality research in the long and short term
related to futures and cash prices may also serve as a reference for the consideration
of the price discovery process. It is based on the disclosure of information about the
future price on one of the markets with the price on the second of the markets. Basing
on the previous studies, two concepts of the price discovery can be distinguished. The
first one is related to the theory of expectations, i.e. refers to the assumption that the
futures price is an estimate of the future value of the underlying instrument. Term future
relates to the delivery time (physical or cash settlement) of the original asset on expiry
date of the contract. Such understanding of the role of price discovery function of the
futures market corresponds to the idea of OTC markets, where the trade involves non-
standardized contract, which are forward contracts. The second concept is related to the
change in the perception of the price discovery in recent years. It is seen as an opportunity
to predict the behavior of the one price in the nearest future basing on the price from
another market. In this sense, the process of realization of this function closely refers
to the market microstructure. In this regard, the subject of specific study is a way of
spreading new information in related spot and futures markets. Due to the fact that the
goods offered in both markets are mutually substitutable, it is natural that such information
has an impact on the prices of both — derivative and underlying instrument. Price
discovery is petformed by this market, on which new information is quicker reflected in
the change in price. In this approach it is not assumed in advance that the futures market
plays price discovery role. On the foundation of VECM model it is possible to estimate
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the extent to which one market leads the other. The measure CFW (ang. Common Factor
Weigh?) developed on the basis of the studies of Schwarz and Szakmary [1994], as well as
Gonzalo and Granger [1995], can be expressed as [see Bohl et al., 2011; Rittler, 2009]%

po el
cFw’ = o] ©)
and
CFw S = A (10)
|0‘S| +ar|

where CFI3, CFIPF denote relative price discovery contribution of spot and futures
market, and ay, ar are the parameters estimates in equations (5) and (6). When CFIP3
=1 (or CFIW¥ = 1), then the whole price discovery process takes place through spot
market (or futures market respectively). Equations (9) and (10) are universal and apply
to any normalization adopted to cointegrating vector, since they take into account the
absolute values of the parameters as, ar. Basing on the manner the indicators ate
calculated, described by formulas (9) and (10), it can be stated that the price discovery
process is realized in the market, through which slower correcting deviations from the
long-term equilibrium between spot and futures prices occur. Wherein, it is acceptable
that it is present on both markets, in equal or varying degrees. The process of price
discovery is associated with the existence of long-term dependence, but VECM systems
also allow for the identification of causal relationships that occur in the short term.

Problems with the economic interpretation of the results appear, however, when the
results indicate the existence of bi-directional causality between spot and futures prices.
On the basis of the theory it is difficult to explain the mechanism that makes the cash
market prices affect prices on the futures market and vice versa. It seems that such a case
can be regarded as a prerequisite for analyzes using transactional data of higher frequency,
which allows to distinguish cause from effect.

6. Conclusions

Econometric concepts of cointegration and Granger causality are widely used in the
studies of economic phenomena. They have found their application in the analysis of the
price dependencies that exist between markets of shares, currencies, commodities, natural
resources and associated derivatives markets. Their application to the studies of the
relationship of cash and futures prices, however, requires an individualized approach
taking into account the specific nature of both markets and the links between them.
Particular attention should be paid primarily on the proper preparation of data for
analysis and consideration of the characteristics of the examined phenomena, with

2 The CFIW indicator can be applied not only to spot and futures time series. Booth et al. [2002] used it
to explore the degree of price discovery on both — OTC and regulated markets. Rittler [2009] studied price
discovery process using theoretical and actual futures prices. This measure can be also definied in a different
manner than given by the formulas (9) and (10) [see: Theissen, 2012; Yan, Zivot, 2010].



Some Aspects of Application of VECM Analysis... 123

a special regard to basis as a primary indicator of the linkage between spot and futures
prices.

The results of the cointegration analysis and VECM modeling can be applied both to
discussion on the informational efficiency of exchange markets, as well as the
consideration of the price discovery function. As shown, however, interpretation of
the results of the VECM analysis in this context is not obvious and clear, as there are
different views on these issues.

Bibliography

Abhyankar A. 1998 Linear And Nonlinear Granger Causality: Evidence From The UK. Stock
Index Futures Marfket, “Journal of Futures Markets”, vol. 18(5).

Alexander C. 1999 Correlation and Cointegration in Energy Markets. Managing Energy Price Risk
(2nd Edition), “Risk Publications”.

Asche F., Guttormsen A. 2002 Lead Iag Relationship between Futures and Spot Prices, Institute
for Research in Economics and Business Administration Bergen, Working Paper
No.2/22.

Bohl M., Salm C., Schuppli M. 2011 Price Discovery and Investor Structure in Stock index: Futnres,
“Journal of Futures Markets”, vol. 31(3).

Booth G., Lin J.-Ch., Martikainen T., Tse Y. 2002 Trading and Pricing in Upstairs and
Downstairs Stock Markets, “Review of Financial Studies”, vol. 15.

Brenner R., Kroner K. 1995 Arbitrage, Cointegration, and Testing the Unbiasedness Hypothesis in
Financial Markets, “Journal of Financial and Quantitative Analysis”, vol. 30.

Charemza W., Deadman D. 1997 Nowa ekonometria, PWE, Warszawa.

Chen R., Zheng Z. 2008 Unbiased Estimation, Price Discovery, and Market Effficiency: Futures
Prices and Spot Prices, “Systems Engineering Theory Practice”, vol. 28(8).

Cheung Y., Ng N. 1999 The Dynamics of S&P 500 Index and Index Futures Intraday Price
Volatilities, “Review of Futures Markets”, vol. 9(2).

Chiang R., Fong W. 2001 Relative Informational Efficiency of Cash, Futures, and Options Markets:
The Case of an Emerging Market, “Journal of Banking & Finance”, vol. 25(2).

Chu Q., Hsiech W., Tse Y. 1999 Price Discovery on the S&>P 500 Index Markets: An Analysis
of Spot Index, Index Futures, and SPDRs, “International Review of Financial Analysis”,
vol. 8(D).

Cornell B., French K.R. 1983 The Pricing of Stock Indexc Futures, “The Journal of Futures
Markets”, vol. 3(1).

Doman M. 2011 Mikrostruktura gietd papierdw wartosciowych, Wydawnictwo Uniwersyte-
tu Ekonomicznego w Poznaniu, Poznan.

Dwyer G., Locke P., Yu W. 1996 Index Arbitrage and Nonlinear Dynanzics between the S &P
500 Futures and Cash, “Review of Financial Studies”, vol. 9(1).

Engle R., Granger C. 1987 Cointegration and Error Correction Representation, Estimation, and
Testing, “Econometrica”, vol. 55.

Fama E. 1965 The Behavior of Stock Marfket Prices, “Journal of Business”, vol. 38.



124 Edyta Marcinkiewicz

Fama E., French K. 1987 Commuodity Futures Prices: Some Evidence on Forecast Power, Preminms,
and the Theory of Storage, “Journal of Business”, 60(1).

Floros Ch. 2009 Price Discovery in the South African Stock Index Futures Market, International,
“Research Journal of Finance and Economics”, vol. 34.

Frino A., West A. 1999 The Lead—1.ag Relationship between Stock Indices and Stock Index
Futures Contracts: Further Australian Evidence, “Abacus”, vol. 35(3).

Fung J., Jiang L. 1999 Restrictions on Short-Selling and Spot-Future Dynamics, “Journal of
Business Finance and Accounting”, vol. 26.

Gonzalo J., Granger. C.W. J. 1995 Estimation of Common Long-Memory Components in
Cointegrated Systems, “Journal of Business & Economic Statistics”, vol. 13.

Gosh A. 1993 Cointegration and Error Correction Models: Intertemporal Causality between Index
and Futures Prices, “The Journal of Futures Markets”, vol. 13(2).

Gorecki B. 2010 Ekonometria. Podstawy teorii i praktyki, Wydawnictwo Key Text, Warszawa.

Green C,, Joujon E. 2000 Unified Tests of Causality and Cost of Carry: The Pricing of the French
Stock Index Futures Contract, “International Journal of Finance and Economics”,
vol. 5.

Gwilym O., Buckle M. 2001 The I ead-1_ag Relationship between the F1SE100 Stock Index and
its Derivative Contracts, “Applied Financial Economics”, vol. 11(4).

Hakkio C., Rush M. 1989 Marker Efficiency and Cointegration: an Application to the Sterling and
Deutschemark Eschange Marfkets, “Journal of International Money and Finance”, vol. 8.

Hicks J.1939 VValue and Capital, Clarendon Press, Oxford.

Hodgson A., Masih A., Masth R. 2006 Futures Trading V'olume as a Determinant of Prices
in Different Momentum Phases, “International Review of Financial Analysis”, vol. 15(1).

Johansen S. 1988 Statistical Analysis of Cointegrating V ector, “Journal of Economic Dynamics
and Control”, vol. 12.

Kawaller 1., Koch P., Koch T. 1988 The Relationship between the S&P 500 Index and
S&P 500 Indexc Eutures Prices, “Economic Review”, vol. 73(3).

Kavussanos M., Nomikos N. 2003 Price Discovery, Cansality and Forecasting in the Freight
Futures Marfket, Review of Detivatives Research, vol. 6.

Keynes J. 1930 A Treatise on Money, Harcourt, Brace and Company, New York.

Kuhl M. 2007 Cointegration in the Foregin Exchange Market and Market Effficiency since the
Introduction of the Euro: Evidence Based on Bivariate Cointegration Analyses, “CEGE
Discussion Papers”, no. 68.

Kusidet E. 2000 Modele wektorowo-autoregresyine 1 AR. Metodologia i 3astosowania, ,,Absolwent”,
L.6dz.

Lafuente J., Novales A. 2003 Optimal Hedging under Departures from the Cost-of-Carry
Valnation: Evidence from the Spanish Stock Index Futures Market, “Journal of Banking
& Finance”, vol. 27.

Maddala G. 2006 Ekonometria, Wydawnictwo Naukowe PWN, Warszawa.

Majsterek M. 2005 Restrykgie w analizie ko integracying ,,Przeglad Statystyczny”, vol. 52(1).

Mall M., Pradhan B., Mishra P. 2011 The Effuciency of India’s Stock Index Futures Market: An
Empirical Analysis, “International Research Journal of Finance and Economics”, vol. 69.

Nieto M., Fernandez A., Mufioz M. 1998 Market Efficiency in the Spanish Derivatives Markets:
An Empirical Analysis, “International Advances in Economic Research”, vol. 4(4).



Some Aspects of Application of VECM Analysis... 125

Osiniska M. 2008 Ekonometryezna analiza zalesnosi prgyezynowych, Wydawnictwo Naukowe
Uniwersytetu Mikotaja Kopernika, Torun.

Ozen E., Bozdogan T., Ziigil M. 2009 The Relationship of Causality between the Price of
Futures Transactions Underlying Stock Exchange and Price of Cash Market: The Case of Turkey,
Middle Eastern “Finance and Economics”, vol. 4.

Pajor A. 2006 Bivariate Bayesian 1V ECM-S1" Models for Polish Exchange Rates, “Przeglad
Statystyczny”, vol. 53(3).

Pizzi M., Economopoulos A., O'Neill H. 1998 .An Exansination Of The Relationship between
Stock Index Cash And Futures Markets: A Cointegration Approach, “Journal of Futures
Markets”, vol. 18(3).

Rittler D. 2009 Price Discovery and 1V olatility Spillovers in the European Union Allowance Phase 11:
A High-Freguency Analysis, University of Heidelberg, Discussion Paper Series No. 492.

Schwarz T., Szakmary A. 1994 Price Discovery in Petrolenn Markets: Arbitrage, Cointegration
and the Time Interval of Analysis, “Journal of Futures Markets”, vol. 14.

Sims Ch. 1980 Macroeconomic and Reality, “Econometrica”, vol. 48.

Stoll H.R., Whaley R.E. 1990 The Dynamics of Stock Index and Stock Index Futures Returns,
“Journal of Financial and Quantitative Analysis”, vol. 25(4).

Sutcliffe Ch. 2006 Stock Index Futures, Ashgate Publishing Limited, Hampshire.

Sweeney R. 2003 Cointegration and Market Efficiency, “Journal of Emerging Market Finance”,
vol. 2(1).

Theissen E. 2012 Price Discovery in Spot and Futures Markets: a Reconsideration, “Buropean
Journal of Finance”, vol. 18(10).

Yan B., Zivot E. 2010 A Structural Analysis of Price Discovery Measures, “Journal of Financial
Markets”, vol. 13.






