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Abstract

The purpose of this study is to investigate the interaction between spot Turkish Lira-US Dollar exchange rate and Tur-
kish Lira-US Dollar futures contracts traded in Turkish Derivatives Exchanges. Cointegration test are used and an error
correction model is developed in order to examine the causal relationship. The results indicated that there is a long run
stable relationship between foreign currency spot and futures market. Moreover, there is a two-way causality between

them both in the short run and the long run.
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Introduction

One of the economic functions of futures contracts
is price discovery and hedging. Price discovery re-
fers to use of futures prices for pricing spot market
transactions and its significance depends upon the
above mentioned, close relationship between the
prices of futures contracts and the underlying assets.
The essence of the price discovery function of fu-
tures markets hinges on whether new information
is reflected first in changes of futures prices or in
changes of spot prices. In other words, price dis-
covery means whether price changes in futures
markets lead price changes in spot markets more
often than the reverse. If that is the case, there ex-
ists a lead-lag relationship between the two mar-
kets. Therefore, the futures prices may serve as the
market’s expectation of a subsequent delivery pe-
riod spot price. The share of price discovery origi-
nating in the futures markets has important impli-
cations for hedgers and arbitrageurs who use these
markets (Kenourgios, 2004, p. 3).

In an emerging market such as Turkey, foreign ex-
change rate risk is very important, especially under
the current free floating exchange regime. Exchange
rate risk is a very important for investors who traded
with foreign currency. Investors may use exchange
rate futures contracts to hedge themselves exposed
to exchange rate risk. Also, exchange rate futures
contracts can be used for speculative purposes.
However there must be a significant long run and
short-run relationship between spot and futures ex-
change rates, in order that futures contracts can be
used for hedging. The purpose of this study is to
investigate long-run and short-run causal relation-
ship between spot TRY-US Dollar exchange rate
and TRY-US Dollar futures contracts traded in Tur-
kish Derivatives Exchanges. The findings from this
study will be useful to hedging decisions especially
for exchange rate risk because this study determines
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that there is a long-run relationship between spot
and futures TRY-US Dollar exchange rates and
there is a long-run relationship, it is determined
which market lead to other market.

The rest of the paper is organized as follows. Sec-
tion 1 describes literature review. Section 2 shows
data and methodology. Section 3 presents our em-
pirical findings. The final section concludes.

1. Literature review

Under the assumption of efficient and frictionless
capital market, the changes in a spot market and
futures price of underlying asset should be perfectly
contemporaneously  correlated and not cross-
autocorrelated (Tse, 1995, p. 553). Many studies have
examined relationship between spot and futures mar-
kets (Stolland, and Whaley, 1990; Kawaller, Kochand
Koch, 1987; Chan, 1992; Wahaband and Lashgari,
1993). A majority of related studies indicated that
futures markets lead to spot markets, though some
studies have suggested different evidence.

Kavussanos and Nomikos (2003) investigated the
causal relationship between futures and spot prices
in the freight futures market. They found that price
discovery first takes position in the futures market
and then it is transmitted to underlying cash market.
Their findings indicate that futures prices tend to
discover new information more rapidly than spot pric-
es. They also reported that the information incorpo-
rated in futures prices, when formulated as a VECM,
produces more accurate forecasts of spot prices than
the VAR, ARIMA and random-walk models.

Kenourgios (2004) investigated relationship be-
tween price movements of FTSE/ASE three-month
futures index and the underlying spot market in Athens
Stock Exchange over the period of August 1999 until
June 2002 by using daily data. This study’s results
show the presence of a bi-directional causality be-
tween stock index spot and futures markets, there is an
informational linkage between two markets and the
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existence of such an informational linkage implies that
investors using these markets can explore significant
arbitrage profits and hedging opportunities.

Zhong, Darrat and Otero (2004) investigated the
hypotheses that Mexican stock index futures market
effectively serves the price discovery function, and
that the introduction of futures trading has provoked
volatility in the underlying spot market. They test
both hypotheses simultaneously with daily data
from Mexico in the context of a modified EGARCH
model that also incorporates possible cointegration
between the futures and spot markets. Their findings
showed that Mexican stock index futures market plays
a part of price discovery function of its spot market.

So and Tse (2004) investigated the price estimation
power of futures transactions on spot prices, using
the Hasbrouck and Gonzalo and Granger common-
factor models and the multivariate generalized autore-
gressive conditional heteroskedasticity (M-GARCH)
model. They found that index futures lead spot index
in the price discovery process. Also the Tracker
Fund does not contribute to the price discovery.

Rosenberg and Traub (2006) compared price dis-
covery in the foreign exchange futures and spot
markets. They developed a foreign exchange futures
order flow measure that is a proxy for the order flow
observed by Chicago Mercantile Exchange pit trad-
ers. They find that futures market has the major
contribution to price discovery than the spot market.

Gupta and Belwinder (2006) examined the price
discovery mechanism in the NSE spot and future
market. The study used the daily closing values of
index future Sand PCNX Nifty, from June 2002 to
February 2005. By using the techniques like Johansen
and VECM. It was found that there exists stronger
casual relation from Nifty futures to Nifty index.

Frino et al. (2006) explored the source of price dis-
covery in the Australian dollar currency market. The
study is estimated time-varying relationship be-
tween changes in quotes posted by spot market
dealers and changes in currency futures quotes.
They showed that price discovery originates in the
spot market in any trading period. It also found that
local desks can provide significant price discovery
in the Australian dollar currency market during Aus-
tralian daytime.

Lien and Zhang (2008) summarized theoretical and
empirical research on the roles and functions of
emerging derivatives markets and the resulting im-
plications on policy and regulations. They found
that empirical results from a few emerging countries
suggest a price discovery function of emerging fu-
tures markets. The findings on the price stabilization

function of emerging derivatives markets are mixed.
Their finding suggested that the constructive devel-
opment of derivatives markets in emerging market
economies is that it needs to be supported by sound
macroeconomic fundamentals and updated financial
policies and regulations.

Floros (2009) examined the price discovery between
futures and spot markets in South Africa over the
period from 2002 to 2006. FTSE/JSE Top 40 stock
index futures and spot markets were cointegrated
and he found that futures and spot play a strong
price discovery role, that was, FTSE/JSE Top 40
futures prices led to spot prices and vice versa.

Pradhan and Bhat (2009) investigated the causal
relationship between spot and futures prices in Nifty
futures markets, using Vector Error Correction
Model (VECM). Their study is compared the fore-
casting ability of futures prices on spot prices with
three major forecasting techniques namely ARIMA,
VAR and VECM model. The findings indicated the
importance of taking into account the long-run rela-
tionship between the futures and the spot prices in
forecasting future spot prices.

Ozen et al. (2009) examined that the short-term and
long-term causality between futures market and spot
market for the period from February 2005 to Febru-
ary 2009. They used the analysis, unit root test, co-
integration test and causality analysis depending on
Vector Error Correction Model (VECM). Their
findings indicated that the series derived from the
futures prices and cash market prices were as statio-
nary, as each other and co-integrated. It was also
found that futures market leads spot market in the
long term on the other handspot market is the cause
of futures market in the short term.

2. Data and methodology

This study examined relationship between spot
TRY-US Dollar Exchange rate and TurkDEX-TRY
US Dollar futures contract. The data cover the period
from January 2007-December 2011. Daily closing
values of spot TRY-US Dollar Exchange rate and
TurkDEX-TRY US Dollar futures contract are used.
TurkDEX-TRY US Dollar futures contract data are
taken from the official web site of TurkDEXand spot
TRY-US Dollar Exchange rate data are taken from
The Central Bank of the Republic of Turkey Electron-
ic Data Delivery System. For the futures prices series,
the nearest futures contracts are used. The logarithms
of the price series is used in the analysis.

In this study Engle-Granger (1987) methodology is
used. Engle and Granger (1987) stated that two time
series are nonstationary in levels but a linear combina-
tion of these series may be stationary. If a linear com-
bination of these two series is stationary, these series
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are cointegrated, that is, there is a long-run stable
relationship between them. In the Engle-Granger
methodology, if two series is nonstationary in the
levels, but their first differences and the deviations
from long-run equilibrium relationship between
two series are stationary, two series are co-
integrated of order CI (1,1).

The steps of the Engle-Granger testing procedure
can be expressed as fallows (Enders, 1995, pp. 373-
377). In the Engle-Granger methodology, order of
integration of the variables is determined in the first
step. Augmented Dickey-Fuller (ADF) unit root test
can be used to determine the order of integration of
series. To test for the presence of unit root is used in
the following ADF regression:

As, = u+0s,_, + Z@ASH +e,. (1)
i=1

The ADF test examine Hy: = 0, the null hypothesis

of unit root process against H; : ¢ < 0. The rejection of

null hypothesis states that the series s, are stationary.

If the results of first step indicate that variables are
integrated of same order /(1), long-run equilibrium
relationship between variables is estimated by using
OLS regression at the second step. Long-run equili-
brium relationship can be shown as follows:

s, =B+ Bf +e, (2)

where s and f; are contemporaneous spot and futures
prices at time ¢, f, and 3| are parameters, e, is the devi-
ations from long-run equilibrium relationship.

In order to determine if the s, and f; are actually
cointegrated, denote the residuals sequence from
long-run equilibrium regression by e,. Thus, e, is the
series of the estimated residuals of the long-run
equilibrium relationship. If these deviations from
long-run equilibrium relationship are found to be
stationary, s, and f; sequences are cointegrated of
order (1,1), denoted CI(1,1). Augmented Dickey-
Fuller unit root test can be performed on the series
of the estimated residuals to determine their order of
integration. To test for the presence of unit root the
following ADF regression is used:

n
Ae, =ae, | + Zai+lAe,_l+ E,. 3)

i=1

If the rejection of the null hypothesis states that
residual series contains a unit root, residual series
are stationary; in other words deviations from long-
run equilibrium are stationary and s, and f; series are
cointegrated of order (1, 1).

If the variables are cointegrated, an error-correction
model that contains the last period equilibrium error
terms and lagged value of first differences of each
variable is estimated in the third step. The error correc-
tion model is expressed by the following equations:

As, =a, + Zocli As, , + Zoczi Af, . + @
i=1 i=1

+Ae,  +u,,

Af, =By + ZﬂliAft—i + ZﬁziAsr—i toe,,  +u,. (5
i1 i=1

Equations (4) and (5) describe the short-run as well
as long-run dynamics of the equilibrium relationship
between s; and f; (Tse, 1995, p. 555). The value of
the residual €,, , estimates the deviation from long-

run equilibrium in period #-1. The coefficients of
equilibrium errors, 4 and € are speed of adjustment
coefficient. If A is zero, the change in s, does not at all
respond to the deviation from long-run equilibrium in
t-1. If A is zero and all oc,; is zero, then it can be said
that (Af,) does not Granger cause As,. It is known that
one or both of these coefficients should be significant-
ly different from zero if the variables are cointegrated.
After all, if both 4 and @ are zero, there is no error
correction (Enders, 1995, p. 377).

3. Empirical results

First, in this study spot and futures price series are
tested for stationary using ADF unit root test.
Akaike information criterion is used to determine
the optimal lag length. The results of ADF unit root
test are given in Table 1. For the variable’s level
value, the null hypothesis cannot be rejected be-
cause ADF test statistics value is greater than the
critical values at the 1%, 5% and 10% levels. There-
fore for the variable’s first differenced value, the
null hypothesis can be rejected, for the reason that
ADF test statistics value is smaller than the critical
values at the 1%, 5% and 10% levels. Thus, both
series are integrated of the first order, that is, /(1).

Table 1. The results of ADF unit root test

Level First-order differences
Series Intercept Trend and intercept Intercept Trend and intercept
Spot -0.794541 -2.457458 -8.289884* -8.359253*
Futures -0.977519 -2.657733 -7.285604* -7.358678*

Notes: * Indicates rejection of null hypothesis of unit root at 1% level of significance. McKinnon critical values are -3,43, -2,86, -2,57
for the model with intercept and -3.96, -3.41, -3.13 for the model with both intercept and trend, at 1%, 5% and 10% levels of signi-

ficance, respectively.
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To determine whether there is a long-run stable
relationship between foreign currency spot and fu-
tures markets, in other words, whether spot and
futures markets move together in the long run, and
cointegration test is performed. First, long-run equi-
librium relationship between spot and futures mar-
ket is estimated by using OLS regression. The lag
length is chosen to whiten the error term and tests
for autocorrelation Breusch-Godfrey serial correla-
tion, Lagrange multiplier tests (LM) for the presence
of autocorrelation up to the 12" order are reported in
Table 2. LM test results indicate that there is not
significant serial correlation in the residuals. Later,
the series of the estimated residuals of the long-run
equilibrium relationship (the deviations from long-
run equilibrium relationship) is tested for stationari-
ty by performing ADF unit root test. The results of
the cointegration test are shown in Table 2. Since
the deviations from the long-run equilibrium rela-
tionship are found to be stationary, the null hypothe-
sis of no cointegration is rejected at the 1% level of
significance for both systems. Therefore, for TRY-
US Dollar exchange rate foreign currency spot and
futures market are cointegrated, denoted CI(1,1).

Table 2. The results of cointegration

Depgndent Intercept Trend and None LM
variable intercept
. ) . _ 1.162246
Spot -35.39285 35.47065 35.40701 (0.3085)
. * 1.450324
Futures -35.49168 -35.48341 -35.50587 (0.1368)

Note: * Indicates rejection of null hypothesis at the 1% level of
significance. Numbers in parenthesis denote prob. F-statistics.

If two variables are cointegrated, there is causality
among these variables at least in one direction (En-
gle and Granger, 1987, p. 259). Since these va-
riables are cointegrated, the error correction models
are used to determine the direction of causality. The
error correction models are estimated by using the
one lagged value of the deviations of long-run equi-
librium relationship and lagged value of the first
differences of each variable. The optimal lag length
is chosen by using Breusch-Godfrey serial correla-
tion Lagrange multiplier tests (LM) for the presence
of autocorrelation up to the 12™ order. Number of six
and seven error correction models and Wald test are
used to examine short run and long run causality.

3 3
As, =a, + Zocli As, ; + ZOCZI' AF,_; + )
im1 i=1

+Ae,  +u,,

3 4
AF, = B, + ZﬂliAE—i + ZﬂziAsf—i +6,,_, +u,,. (7)
i=1 i=1

Table 3 shows the test results of the restrictions
imposed on the speed of adjustment coefficients (4
and 6) and the lagged variables coefficients (oc,; and
[2) to equations (6) and (7), using the Wald test
statistic, and Chi-square distributed. The speed of
adjustment coefficient (4 and 6) in equations (6) and
(7) are negative and statistically significant. Thereby
A and @ are nonzero. The significant and negative
speed of adjustment coefficient means that the cur-
rent period change in the spot price responds to the
previous period’s deviation from long run equili-
brium. In other words, this indicates that the long-
run disequilibrium is being corrected in each short
period to obtain a stable long-run relationship. The
value of the speed of adjustment coefficient (), in
the equation 7, greater than -1, that is, instead of
monotonically converging to the equilibrium path
directly, the error correction process fluctuates
around the long run value in a dampening manner
and however, once this process is complete, conver-
gence to the equilibrium path is rapids mentioned in
Narayan and Smyth’s (2006) study. The Wald test is
used for testing the significance of the lagged va-
riables coefficients (oC,; and f»). The results of the
Wald test on coefficients ocy; and Sy show that the
null hypothesis that the coefficients are jointly equal
to zero is rejected at the 1% level of significance.
Hence, it is stated that in the short-run spot market
does Granger cause to futures market and futures
market does Ganger cause to spot market. Conse-
quently, that the speed of adjustment coefficient
both in equations (6) and (7) is negative and statisti-
cally significant means that there is a long-run bi-
directional causality between spot and futures markets.
Also, F-Wald statistics, statistically significant, indi-
cates that there is a short-run bi-directional causality
between spot and futures markets. In sum, the re-
sults show the presence of bi-directional causality
between foreign currency spot and futures market.

Table 3. The results of Granger causality tests

Dependent variable Er_ror Long run causality F-Wald statistics Short run causality
correction term
Spot (gggég) Spot — Futures 5&20%%%2) Spot — Futures
-1.015719* 444.6813*
Futures (0,0000) Futures — Spot (0,0000) Futures — Spot

Note: * Indicates rejection of null hypothesis at the 1% level of significance. The numbers in the parentheses are p-values. The
results of LM test for dependent variable spot market: F-statistics = 1.445110 (0.1390) and for dependent variable futures market: F-

statistics = 1.596269 (0.0865).
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Conclusion

This paper investigates the causal relationship be-
tween foreign currency spot and futures market by
using Engle and Granger (1987) methodology. The
results of cointegration test provide evidence of
significant long-run relationship between spot and
futures market. Since two markets are cointegrated,
Granger causality test based on error correction
models is used to determine the direction of causality.

The results of Granger causality test indicate that the
futures market does not lead to spot market, and-
there is two-way causality between foreign currency
spot and futures market for TRY-US Dollar ex-
change rate both in the short run and the long-run.
Therefore, there exists an informational linkage
between spot and futures markets. Similarly, an
informational linkage shows that spot and futures
markets can be used for arbitrage profits and hedging.
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