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THE EFFECT OF TURKISH LIRA INTERBANK
RATES ON FOREIGN EXCHANGE RATES IN
TURKEY: A DYNAMIC APPROACH

Umit EROL - Me ike ALTINKEMER

The effect of Interbank rates on foreign exchange markets is
analyzed using a transfer function approach for the period January 4,
1988 to May 31, 1989 using daily data. The results suggest that
Interbank rates was used as a tool to invervene in foreign exchange
markets during 1988 however the foreign exchange market seems to be
largely governed by its own stochastic mechanism in 1989.

1. INTRODUCTION

Since the 1950’s there exist two rates in the foreign exchange market in
Turkey, one official and one free market rate. The free market was legally not
allowed until 1980. It gradually started to gain legal status starting in 1980.
Hence it may be appropriate to depict the free market as the black market until
1980 and as the parallel market afterwards. In this study which analyzes the
late 19807, free market denotes parallel market.

Turkey has witnessed a series of important innovations regarding the
foreign exchange rates starting in 1981. In addition to the gradual legalization
of black market mentioned above; the country took important steps in the
direction of moving from a fixed exchange rate regime to a flexible exchange
rate regime. After May 1, 1981; the Central Bank started to peg the official
exchange rate on a daily basis, according to the purchasing power parity
theorem. Using this method, the value of dollar against T.L. was first
determined. Then, by applying foreign exchange parity to this value, values
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of other currencies against T.L. were calculated.

The rule for determining the official exchange rate is again changed with
the establishment of interbank foreign exchange market on September 10,
1988. From then on, the foreign exchange rates are no longer determined by the
Central Bank itself, but are determined in the daily fixing sessions in foreign
exchange interbank. In these sessions, which last for an hour, banks quote their
buying and selling prices for § 200,000 (Now $ 400,000). At the end of the
session, an equilibrium rate for T.L. equivalent of one dollar is determined,
then according to the international parity of cross rates, the values of other
currencies are calculated. The importance of this method is that, in addition to
the foreign exchange parity, also demand and supply conditions are taken into
account. Also, with the operation of foreign exchange interbank, the
importance and probably the size of the free market is diminished.

A parallel and relevant development in the 1980% is the establishment of
the T.L. interbank market in 1986, prior to the establishment of the interbank
foreign exchange market. The interbank market for T.L. is the medium where
the banks extend loans to other banks at demand and supply- determined
interest rates (interbank rates). Under the current operating procedures,
however, the Central Bank can exert a substantial amount of influence on the
interbank rates. The character of invervention is governed by a variety of
factors. One of the important factors is the developments in the foreign
exchange market and specifically the variations in the spread (difference)
between the official and free market rate. On several occassions Central Bank
has adopted the policy of invervening in the T.L. interbank market when the
spread between the official and free foreign exchange rates started to widen due
to speculative behavior of some banks. The aim of this policy was to exert an
indirect effect on exchange rate spread through controlling the liquidity for T.L.
The underlying mechanism will be explained in more depth in the next section.
It may suffice here to state that there exist mutual relationships among the free
market, foreign exchange interbank market and T.L. interbank market. The
objective of this paper is to analyze certain aspects of these relationships. The
free market and the T.L. interbank market both were operational during 1988
throughout. The foreign exchange interbank market, however, was opened on
September 10, 1988 as mentioned above. We want to examine, using a new
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methodology and daily data, whether certain characteristics of the relationship
between the T.L. and the exchange rate spread have been altered by the
existence of the foreign exchange interbank market. The analytical framework
for the analysis and testable assumptions are presented in Section 2. Empirical
methodology is described in Section 3. Section 4 presents the empirical results
and Section 5 concludes the paper.

2. THE THEORETICAL FRAMEWORK FOR THE INTERBANK
T.L. INTEREST RATE / EXCHANGE RATE MARGIN
RELATIONSHIP

We start our analysis by giving a formal definition of the exchange rate
margin. The exchange rate margin, expressed in percentage terms, is the
difference between the official exchange rate (OER) which is the value of $1 in
terms of T.L. as determined by the Central Bank of Turkey and free market
exchange rate for dollar (FER) according to the formula 100 x (FER - OER) /
OER. The exchange rate margin is positive if FER>OER and negative if
OER>FER.

We will distinguish between two periods separated from each other by the
establishment of foreign exchange intermarket. Since the exchange rate for
dollar has been determined by the market rather than by the Central Bank alone
following this event, we will conveniently refer to the period prior to foreign
exchange intermarket as the pre-market period and the following period as the
post-market period.

The pre-market period is more conducive to the observation of a
meaningful relationship between the interbank interest rates for T.L. and the
exchange rate margin. This fact can be better illustrated if we remember
certain properties of the banks’ asset portfolios. Turkish banks were allowed to
hold foreign exchange deposits in the 1980s. Hence banks which are short of
liquidity in the short-term can resort to three different alternatives. They can
either borrow in the interbank market or liquidate their bond or FX portfolios.
If the interbank rates are high; the banks can be expected to resort to the latter
two alternatives. The dollar holdings, however, are better substitutes for T.L.
in terms of liquidity. This is so since most of the bonds in the banks’ asset
portfolios are government bonds with standard maturities and with a very weak
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secondary market.

Hence, if interbank rates for T.L. are high, the liquidation of dollar holdings in
free market is the best alternative to finance short-term T.L. liquidity shortages.
This structure also allows the Central Bank to indirectly affect the exchange
rate margin by delibaretely invervening in the T.L. intermarket.

One possible intervention scenario in this pre-market period is that when
FER>OER, as was frequently the case during observation period, the Central
Bank, by actively buying T.L., raises the T.L. interbank rates to counter the
speculative dollar purchases of banks which tend to persistently widen the
exchange rate margin. Banks are forced to stop their dollar purchases and/or
liquidate dollar holdings in the free market. FER falls, lowering the exchange
rate margin. The Central Bank, depending on the situation, may or may not
want to alter the normal time path of official exchange rate. The consequences
of these two different types of behaviour of the Central Bank will have
different implications, as will be seen later, on the feedback relation between
the exchange rate margin and the interbank rate. Here, in the first scenario, it is
assumed that the Central Bank does not want to change the time path of the
OER, while in the second one, it wants to alter the time trend and possibly
lower it.

The predictions for the post-market period should be different. The
introduction of the interbank foreign exchange market does the following.
First, the banks no longer need to liquidate dollar holdings in the free market
since they can do this more conveniently in foreign exchange interbank market
(FEIM). Hence the pre-market relationship between the FER and T.L. interbank
interest rates is now replaced by the relationship between the OER and T.L.
interbank interest rate. Secondly, the creation of a market for the determination
of official exchange rates introduces arbitrage possibilities between the two
markets. The existence of arbitrage possibilities which may effectively be
exploited at least by some participants (banks) should theoretically wipe out
any significant difference between the official exchange rates and free market
rates. Thirdly, the elimination of the difference between the FER and OER
would suggest that T.L. interbank rates are no longer needed to be used to
eliminate the exchange rate margin.



METU STUDIES IN DEVELOPMENT

The statistical requirements for testing these hypotheses are the
following. Given that intentions of the market participants including Central
Bank are not known in advance, the analysis should rest on a careful
observation of data properties whose frequency is as high as possible
(preferably daily or hourly data). Time series techniques stand as the best
candidate for the task. Next section is a synopsis of these techniques.

3. THE METHODOLOGY

The econometric approach used in this paper is based on the Box and
Jenkins methodology (Box and Jenkins, 1976) which defines an algorithm
consisting of identification, estimation and diagnostic checking stages to
identify the appropriate models for univariate series. This essentially
corresponds to finding appropriate autoregressive or moving average operators
that will transform a given series Z into a white noise process a.

It has been shown that most series can be modeled by this methodology
given that they satisfy stationarity requirements.2 Though the majority of
economic time series are not stationary in original form; simple operations
such as logarithmic transformations and first differencing have proven to be
sufficient in most cases to convert the series into stationary form. One of the
practical uses of Box-Jenkins approach is that it gives an idea about the types
of dependencies (time-wise autocorrelations) displayed by a series over time.
Second and more important, the time dependence identified by a model can be
used for forecasting purposes. In univariate series, however, only one series
is modelled while a transfer function approach can model at least two series
and their dynamic interaction.

The extension from a univariate approach to a iransfer function is
relatively straightforward. Suppose that an input X is known to have an effect

on output Y but not vice versa.

Then this relationship between X and Y can be represented as:

W(B) (D)

where W(B) and S(B) are polynomials in B such that
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W(B) = wy-WyB-...... wBS RN ()

and

S(B) = 1-8¢B-..... S Bf )

The parameter b is the lag between X and Y and simply indicates that the
effect of X (input) on Y (output) is seen after b periods. Since the polynomials
W(B) and S(B) are of finite order if stationarity requirements are met, we can
divide W(B) by S(B) and express Equation (1) in the following way:

Yy = (v +V{B+VaB2+ ) X = VoXeb * ViXeb1 * V2Xeb2 *o

=V(B)Xy.p (@)

where

V(B)=-meeee- . (5

Equation (4) indicates that the value of output Y is determined by the
values of input X at times t, -1, t-2,.. (if we assume b=0). As such; it specifies
the dynamic relationship between X and Y. The operator v(B) is usually called
the impulse response function.

Equation (4) represents the pure form of a transfer function. It indicates a
deterministic structure according to which Y is completely determined by X.
This, however, is not a realistic assumption in the context of economic reality.
The dynamic relationship between Y and X is normally perturbed by noise.
The noise term N represents the effect of random variables on Y which cannot
be easily quantified or the effect of a set of variables which are known to affect
Y but for which the data collection is difficult as is the case in this study. The
noise term N can be modelled using univariate Box-Jenkins approach as N =
h'l(B) i(B) a; where h(B) and i(B) are shorthand notations for autoregressive
and moving average operators, respectively. Following this adjustment, the
general form of a transfer function can be written as
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Yt=.... Xep +Np= v(B)X,p, + 7 1(B)B(B) a,
S(B)
. #'(8)
and X is modeled as X=cooone- a .. (6)
8(B)

where at is white-noise random term and Nyand a; are assumed to be
uncorrelated with X. Two requirements must be satisfied in a transfer function
estimation. All the input and output series must be stationary and the inputs
must have a unidirectional (one-way) causal relation with the output.

In the case of a feedback relationship between input and output,
estimation techniques other than the transfer function approach are required.
The identification, estimation and diagnostic checking stages of transfer
functions are similar to that of univariate models but are somewhat more
sophisticated (see Chapter 10 and 11 in Box and Jenkins (1976) for more
detail).

The form of the transfer function given in Equation (6) usually suggests a
dynamic regression in which Y is regressed on X and its lagged values. One
has to be careful with this interpretation, however, since at least two
distinctions apply.

The first is the fact that the input variable X is fixed and non- stochastic
in a regression analysis. This is not necessarily so in a transfer function and X
can as well be a stochastic variable and modeled as X = h(B) / i(B)

The second distinction relates to the residuals. The residual term in a
standard regression analysis is a white noise process. This is not usually so for
the residual or the noise term N of a transfer function. Noise term N in a
transfer function generally displays some structure which may be modelled as
an ARIMA process.

One last remark about the relationship between the transfer function
models and the structural models is that transfer functions reduce the
explanation of economic reality to a simple relation between an input variable
and an output variable incorporating a noise term. Furthermore, fransfer
functions proceed compietely from the properties of data over time and do not
usually generate a testable hypothesis. It is, however, more likely that both X
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and Y are related to other variables in the complex domain of economic reality.
What then is the justification for the use of transfer functions? One justification
may be the limitation of data, because of which, after choosing the most
important explanatory variable as the input variable; the other possibly relevant
variables which affect the output are included under a noise term. The second
reason is more technical. As Liu and Hudak (1983) mention, model
identification can proceed from three different levels:

Level 1: Only the data set is known.

Level 2: The distinction between endogenous and exogenous variables in

the model is known.

Level 3: The functional form and the lag structure of the relationship in
the system is known.

Transfer functions in particular, and time series techniques in general,
require only Level 1 knowledge. Simultaneous equation models assume Level 3
knowledge. That means that even in cases when data restrictions do not apply,
the amount of input necessary to set up a simultaneous equation model is
substantial. This and other related problems have been important reasons for the
use of transfer functions. It is becoming a commonly accepted fact that
time-series techniques may prove useful in supplying the Level 2 and Level 3
information for more comprehensive structural model building given the
minimum a priori knowledge requirements of these techniques.

4. EMPIRICAL RESULTS
4.1. Data

Two variables are used in this analysis : Interbank interest rates and the
exchange rate margin. T.L. Interbank interest rates are determined as a result of
overnight buying and selling operations in the Interbank market. The exchange
rate margin is the percentage difference between the FER and the OER. The
OER which is quoted as the value of $1 in terms of T.L. was determined by the
Central Bank until September 10, 1988 and by the FEIM after this period. Both
series are compiled from the Central Bank data sources.

The observation period for both variables is from January 4, 1988 to May
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31, 1989 excluding Saturdays, Sundays and vacation days on which the markets
were closed. There is thus a total of 359 observations for the estimation period.

This is an event analysis. Specifically we are analyzing the effect of the
FEIM on the T.L. Interbank interest rate/exchange rate margin relationship
following the inauguration of this market on September 10, 1988.

Consequently we expect to observe a significant change in the time series
properties of T.L. Interbank interest rate, exchange rate margin and the
cross-correlation pattern between these two variables. This requires the analysis
of the time series properties of the relevant variables in two separate
observation periods. A practical problem, then, is the choice of an appropriate
separation period. At a first glance, the date of inauguration of FEIM seems as
a suitable candidate.

Our private conversations with the Central Bank experts, however, cast
some doubt on the suitability of this choice. It seems that the settlement of the
new market (FEIM) took some time. Our empirical trials with data also confirm
this. The full effects of the new market seem to materialize two to three months
after the inauguration following an intermediate period of instability. Hence, for
practical purposes, we have chosen the end of the year 1988 as the appropriate
separation point. Under this convention, the period from January 4 to December
30 in 1988 with 253 observations is assumed to reflect the properties of
pre-market era while the period from January 2 to May 31, 1989 with 106
observations describe the properties of the post- market era.

4.2, Statistical Properties of Data

It may be useful to summarize the basic statistical properties of the
variables in a study which depends extensively on the properties of data. We do
expect theoretically a substantial fall in the mean and variance of exchange rate
margin in the post-market era given the emergence of arbitrage possibilities in
the new system (see Section 2). This expectation is confirmed. The mean and
the variance of the exchange rate margin in 1988 is 3.68% and 25.56%,
respectively. In 1989 (post-market period); the mean of exchange rate margin
falls substantially to 0.18%, accompained by a significant drop in its variance
to 0.22%. The intermarket arbitrage possibilities wipe out most of the
difference between the OER and FER.
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The T.L. Interbank interest rates have a mean value of 60.50% and a
variance of 278.78% in 1988 (standard deviation in 1988 is 16.69%). The mean
for 1989 (for the first five months of 1989) drops to 43.38%, but variance
almost doubles and becomes 522.38%. A possible explanation may be the
following: T.L. Interbank interest rates were assigned two different functions in
1988 (pre-market era). They were used both as a tool to control Turkish T.L.
liquidity and as an intervention instrument to control the exchange rate margin.
As explained in Section 2, the Interbank interest rates were raised to oppose the
widening tendencies of the exchange rate margin. This function of controlling
the exchange rate margin then worked in the direction of increasing the overall
mean of Interbank interest rates. The relationship between the Interbank interest
rates and exchange rate margins also constrained the Central Bank, leading to a
comparatively more stable Interbank interest rate in order to avoid unwanted
side effects on exchange rate margin.

From a policy point of view, the double function status led to a necessary
trade off between the effectiveness of Interbank interest rates as a liquidity
control instrument and their additional function of regulating the exchange rate
margin. The establishment of FEIM enabled the Central Bank to use Interbank
interest rates only to regulate T.L. liquidity, cancelling the constraints imposed
by the additional function of regulating the exchange rate margin. If this
hypothesis is correct, then we should expect to observe a significant
relationship between the Interbank interest rates and the exchange rate margin
in the pre-market period, followed by neutrality between the two variables in
the post-market period. We will show that this is indeed the case in subsequent
sections.

4.3. Univariate Models

The analysis of autocorrelation patterns suggested non-stationarity in the
original data both for Interbank interest rates and exchange rate margins in
1988. The first differencing operation which is equivalent to (1-B)Zt = Zt - Zt-1
was sufficient to render both series stationary for 1988 data. The usual
identification, estimation and diagnostic checking suggested the following
univariate models as the most adequate description of exchange rate margin and
Interbank interest rate series during 1988”:
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(1-B) Y, = (1+0.2B) a, (D
(3.26)

(1-B) X; = (1+0.37B2+0.32B3) a 8
(697)  (5.36) - (8)

Here a is a random term with E(a;)=0 and Eaz = G2 The numbers in
parentheses are relevant t-statistics for the corresponding coefficients at 95%
level of significance. Writing Eqs. (7) and (8) in more explicit form*;

Yt‘Yt‘l = at + 0.2 at_l .o .(7)
X¢- Xi.1 =2, + 037 a »+032a; 4 .8

where Yt - Y1 and Xi - X1 are daily changes in exchange rate margin and
Interbank interest rates, respectively.

Equations (7’) and (8’) suggest that the changes in exchange rate margin
were determined by the innovations (random terms) of the current and the
previous day during 1988. It displays a random walk character which is
frequently observed in exchange rate series. Change in the Interbank rates, on
the other hand, were driven not only by current innovations but also by
innovations that occurred two and three days ago. It suggests that the effect of
certain factors was persisting for three days on average in the T.L. Interbank
market during 1988. This three-day persistence may be related to the
requirement of keeping the T.L. Interbank interest rates high for a few days in
order to successfully control the exchange-rate margin during the periods in
which the margin tends to widen. Systematic policies normally create the
autocorrelation of successive observations in time series analysis.

Re-estimation of univariate models for the first five months of 1989 have
produced substantially different results. The original exchange rate margin
series turned out to be stationary in 1989. Writing the estimated model in
explicit form:

Yi=a, .. (9)

X,- X =a, + 030 a
-1 t t-1
co (329) ..(10)






