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Abstract
We investigate whether the recent depreciations in the Turkish currency (Lira) resulted in the
currency substitution away from Lira by using quarterly data over the 1987:1-2000:2 period
with M1 and M2 monetary aggregates and income, interest rate and exchange rate. We also
analyze the forecast power of money demand equations with and without the exchange rates
with the help of RMSE and MAPE. Other than the variety of monetary aggregates and
forecast performance criteria, we try different ways of including the interest rate into the
models to ensure the robustness of our results. Our analysis shows that the currency
substitution in fact happened in Lira, and the inclusion of exchange rates into money demand
equations in the case of Turkish currency adds to the forecasting power.



CURRENCY SUBSTITUTION IN TURKEY

INTRODUCTION

Currency substitution, which is interchangeably used with dollarization, occurs as domestic
money (both currency and deposits) is replaced by foreign money in the residences’
portfolios. Currency substitution is widespread in many financially unstable economies often
characterized by high inflation, expectations of exchange rate depreciation, and fiscal
imbalances. As a result, domestic asset holders increase the share of foreign money in their
portfolios to protect the real value of their financial wealth or avoid the inflationary tax'.

The presence of currency substitution may have serious implications for the money
market equilibrium. It can directly reduce the demand for domestic currency, or does so
indirectly by increasing the velocity of circulation of it. These and other effects are known as
intermediate consequences in the general equilibrium framework, and need to be explicitly
considered in the formulation of monetary policy.

This paper focuses on the effect of exchange rate changes on the money market
equilibrium through this intermediate channel, i.e., currency substitution. A crawling
exchange rate regime, widely adopted in many developing countries, is said to contribute to
the currency substitution process by rationalizing the devaluation expectations®. This is
especially true for a passive crawl regime whose priority is to offset the negative effect of
domestic inflation on external competitiveness. An active crawl, whose priority is to reduce
the domestic cost of foreign debt or inflation, is not a solution as it leads to overvalued

domestic currency. Lower devaluation can only be realized by continuous rise in the domestic

! See Giovannini and Turtelboom (1994) for a conception discussion and policy
implications.

2 Erol (1996) provides a detailed discussion on this specific effect of the exchange
rate changes.



interest rates. Under liberalized capital markets, intentionally lower exchange rates can only
be achieved at the expense of higher domestic interest rates (which must compensate for the
expected devaluation). In other words, the pressure from foreign debt service is temporarily
reduced at the expense of domestic debt service. Financial crises which originate in the
foreign exchange markets and spread to the rest of domestic financial system become
unavoidable as experienced by many countries in the Eastern Europe, Latin America, and
Asia.

The market participants’ desire to run away from the domestic currency is exacerbated
in economies with convertibility, one of which is Turkey. The Turkish economy has gone
through extensive liberalization movements in early 1980s3, which made its market
participants more market savvy over time. In the absence of stable domestic political and
economic aura, people are expected to choose to seek the relative safety of a foreign currency
such as the US dollar. This undoubtedly has sounding effects on the domestic monetary
policy, markedly so in combating economic downturns. We provide the velocity of the narrow
definition of money, M1, as well as that of the broad definition of it, M24, to give the reader a
flavor of the Turkish monetary scene. Though cyclical in nature, a run away from the Turkish
Lira is clearly identifiable from the examination of the picture on the velocities of the narrow
and broad definitions of money, more so for the case of the narrow money.

In the rest of the paper, we attempt to determine the intermediate effect of depreciation
in the Turkish economy by explicitly incorporating it in the money market equilibrium. We
accomplish this by directly estimating a money demand function in which exchange rate is
considered as one of the opportunity cost variables together with the interest rate since

holding domestic currency rather than the foreign one means lost purchasing power in terms

% See for more details on the liebralization movements in Turkey during 1980, among
others, Genc and Sahin (2001) and Onis, Z. and S. Ozmucur (1990).

* Since we use only these two monetary aggregates in this research, we see no
problem in calling them narrow and broad defintions of money.



of the foreign currency in case of a depreciation of the domestic currency. This research tries
to quantify the graphical and narrative observations made so far for the Turkish currency.
In anticipation of the research results, we can say that the currency substitution in fact
happened in Lira during the coverage period under the conditions specified in the paper.
We also show that the inclusion of exchange rates into money demand equations in the

case of Turkish currency adds to the forecasting power of monetary relations.

In the next section, we outline the model which forms the basis for the econometric study
of this paper, and discuss the econometric issues pertaining to such a study. This section is
followed by a section devoted to the empirical analysis in which we interpret our empirical
findings and later on compare the forecasting power of competing models, some of which
include the exchange rates, to further establish the relevance of exchange rates for the
Turkish currency. The paper concludes which summarizes major findings of the study, and

offers certain policy suggestions.

MODEL AND THE EMPIRICAL METHODS

We use the very well-known monetary exchange formula with a little modification by
including the exchange rates as necessary as in a recent article by Bahmani-Oskooee and
Techaratanachai (2001). Our equation which construes the basis for the estimation takes the

form of

log Mi=a + blogY; + c logR, + d logER, + & (D)
where M is the domestic monetary aggregate, which can be summarized in the form of both
M1 and M2 to cover a wide range of claims made by the empirical macroeconomists
regarding the “correct” monetary aggregate to use’. The nominal income is represented by Y.

ER and R stand for the exchange rate and the interest rate, respectively. We use two different

® See, for example, on this issue, Hafer and Jansen (1991), Hoffman and Rasche
(1991, 1996) and Rasche (1987), among others.



exchange rate concepts, viz. the buying and selling exchange rates as calculated by the
Turkish Central Bank for ER, and the 3-month T-Bill rate by the same source. The numeraire
is the CPI that is normalized to 100 for the year 1987°. The coefficients b, ¢ and d represent
the income, interest rate and exchange rate elasticities, respectively. Thus, the expected signs
of the first two are positive and negative, respectively. Since the exchange rates used in this
study are quoted as domestic price of the foreign currency, a negative sign on the exchange
rate elasticity would indicate currency substitution in the Turkish Lira as a result of the Lira’s
depreciation.

We would like to investigate the cointegration relationship(s) among the variables of
the equation 1, if there is any, with the help of a maximum likelihood approach a la Johansen
(1991, 1995) and Johansen and Juselius (1990). However, the cointegration requires that the
variables must be integrated of order 1, I(1), individually, with a common stable relationship
(of order 1(0)) for this type of study. An ADF test run on variables shows that variables satisfy
this criterion’. Since the cointegration technique at hand is sensitive to the lag lengths used in
the empirical analysis, we first determine the optimum lag lengths in accordance with the
procedure suggested by Lutkepohl (1993, Ch 11)® by making use of both Akaike and
Schwartz Information Criteria, AIC and BIC, respectively.

We next gauge the forecasting power of all variants of the model presented in equation
1 with the help of the Root Mean Square Error, RMSE, and the Mean Absolute Percentage
Error, MAPE’. Special attention in this part of the study is given to a comparative analysis of

the forecasting ability of models including the exchange rate vis-a-vis the ones excluding it.

® See the Appendix for more explanation on the data sources and defintions of
variables.

’ Results are available from the authors upon request.

® Results are available from the authors upon request.

® Formulae regarding AIC, BIC, RMSE and MAPE can be found in any standard
econometrics tesxbooks such as Green (1997) and Wooldridge (2000), though
caution must be exercised when comparing results from different software.



EMPIRICAL ANALYSIS

Interpretation of Estimation Results
The first results of the cointegration tests are presented in Table 1 for a functional form
depicted precisely in equation 1'°. As shown in the table, both definitions of money, i.e. M1
and M2, have a statistically significant relationship with the explanatory variables.

The income elasticity of money demand is not less than unity in the absolute sense'’,
suggesting the need for a better money management as the level of income increases. If we
broadly consider the income as a proxy for the wealth, we can say that as one gets richer s/he
tends to hold less amount of money in her/his pocket since the opportunity cost of doing so in
a high inflationary economy can get quite high, either by spending it or converting it into
another currency whose value is deemed more stable, or maybe appreciating against the
domestic currency. As a matter of fact, we found out that the anecdotal evidence supports this
expectation for the case of Turkish Lira.

The interest elasticity of the narrow definition of money is negative irrespective of the
inclusion of any type of exchange rate. Though the same qualitative result is obtained for the
broad definition of money when the exchange rate is omitted from the estimated process, the
sign on the interest rate concept is reversed when the exchange rate is taken into
consideration'?.

The crucial coefficient in this estimation is the exchange rate elasticity. In all
specifications of estimation of equation 1 above, we find a negative coefficient on exchange

rate concepts, suggesting currency substitution taking place in Turkey irrespective of the

19 With and without the exchange rates.

" As we show in the table, we presented a linear combination of the two statistically
significant vectors, when found so, to yeild a unitary income elasticity. However, this
is merely a convenient restriction we imposed for expositional purposes.

'2We also experimented with including interest rates in levels rather than in logs as
also found in quite a few studies of money demand. This resulted in the expected
sign on the coeffient of interest, ie negative. Nevertheless, this coefficient ceases to
be interpreted as elasticty any more in this case. The results are available from the
authors.



monetary aggregate or the exchange rate concept used in the analysis. Furthermore, the
inclusion of exchange rate variable in the case of the broad definition of money brought the
additional explanatory power into the equations beyond what is already explainable without it
as is evident from the fact that the number of statistically significant cointegration vectors
increases from 1 to 2. Once again, considering the fact that the broad definition of money is
more closely associated with wealth than M1, we can observe more sensitivity to exchange
rate changes on the part of the market participants in Turkey since higher opportunity costs
are involved.

It is worthwhile to mention that the exchange rate coefficient obtained from these
estimations indicate that an inelastic relationship between money demand and changes in the
exchange rate. We conjecture that the Turkish people have come to know the workings of the
currency market with the convertibility in place, which has been characterized by a secular
depreciating trend of the Turkish Lira in recent decades after the liberalization movements of
1980s. This kind of behavior of market participants obviously sharply curtails the monetary
authorities’ ability in making the policy, especially at times of crises.

Comparison of the Forecasting Power

Perhaps one of the biggest challenges in designing policies for a country, be it monetary or
fiscal, is the need to foresee the future to make the policy prudent and effective. We try to
pinpoint the impact of modifying the monetary relationships in empirical work for the case of
the Turkish Lira in search of a stronger forecasting power of money demand. Apparently
exchange rates play a role in Turks’ decisions on holding (or not holding) the domestic
currency, as shown via the previous analysis on the estimation of money demand. Table 2
presents the forecast error committed by each specification of a monetary relationship. All
experiments show that for both definitions of money including an exchange rate concept into
the process improves the money demand forecast when RMSE is used as a criterion. We take

this as another sign of currency substitution in Turkey. MAPE results support RMSE claims.



CONCLUSIONS AND POLICY SUGGESTIONS
We have empirically analyzed the determinants of two Turkish monetary aggregates, namely
M1 and M2, where GNP was used as a scale variable, and interest rate along with exchange
rate as the opportunity cost variables. We found an evidence of currency substitution in
Turkey with an inelastic demand, and concluded that this could be quite an important
restrictive factor in policy making for Turkish monetary authorities, more so at times of
crises, which are not very uncommon to the Turkish economy.

Given this background, we also showed that a more precise amount of money can be
approximated for the future by not ignoring the possible impacts of exchange rates on the

domestic money.



APPENDIX: DATA, DEFINITIONS AND SOURCES
The data used in this study are quarterly data covering the period of 1987:1-2000:2, which
come from the Central Bank of Turkey.
Variables and Their Definitions :
M1: Money supply (TL Billion)
M?2: Money supply, which includes time deposits (TL Billion)
P: Consumer price index, CPI (1987=100)
Y: Nominal income (GNP)
R: Nominal interest rate (as weighted averages of sight deposits)
EBUY: Buying exchange rate (buying rates daily averaged series has been converted to
quarterly series)
ESELL: Selling exchange rate (selling rates daily averaged series has been converted to

quarterly series)



Figure: The Velocities of M1 and M2
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The velocities are calculated as the ratio of nominal GNP to the monetary aggregate in question. Thus V1
represents the velocity of the narrow definition of money, and V2 stands for the velocity of M2.




TABLE 1: COINTEGRATION RESULTS

Variables #CV | CV

IM1/P,1Y/P,R |1 1, -4.478388 (4.28290), 2.273002 (1.70850)

IM2/P,1Y/P,R |1 1,-3.579768 (0.77168), 1.455103 (0.31327)

IM1/P, 1Y/P, 1 1, -2.788632 (1.89834), 0.016568 (0.09773), 2.396912 (2.02702)
EBUY, R

IM2/P, 1Y/P, 2 1, 0, 0.061540 (0.43540), -4.111259 (9.35024)

EBUY, R 0, 1, 0.053208 (0.19345), -2.294593 (4.15429)

IM1/P, 1Y/P, 1 1,-2.811564 (1.98209), 0.013066 (0.10308), 2.468526 (2.16694)
ESELL, R

IM2/P, 1Y/P, 2 1, 0, 0.069857 (0.44954), -4.176944 (9.48636)

ESELL, R 0, 1, 0.057021 (0.20057), -2.329991 (4.23264)

These are the maximum likelihood estimates of cointegration tests using the Johansen method. Constant but no
trends are assumed in the cointegrating vector. 4 lags are used in the process as determined via the procedure
mentioned in Lutkepohl (1991). The test period is 1987:1-1999:2. The significance is determined at 5%. #CVs
gives the number of statistically significant cointegration vectors. These vectors are shown in the CV column.
The standard errors are given within parentheses in the last column. IM1/P (IM2/P) stands for the natural log of
real M1 (M2). While R represents the nominal interest rate, 1Y/P is used for the natural log of the real income.
EBUY (ESELL) is the buying (selling) exchange rate denominated as the domestic price of the foreign currency.

TABLE 2: FORECAST RESULTS:

Variables RMSE MAPE

IM1/P,1Y/P, R 1.085130 1635.858
IM2/P, 1Y/P, R 0.817840 3407.167
IM1/P,1Y/P, R, EBUY 0.711106 1115.259
IM2/P, 1Y/P, R, EBUY 0.569193 2896.976
IM1/P, 1Y/P, R, ESELL 0.720729 1130.257
IM1/P, 1Y/P, R, ESELL 0.576345 2925.038

The forecast error for each specification of the model is measured by both the Root Mean Square Error (RMSE)
and the Mean Absolute Percentage Error (MAPE). The definitions of variables are as in the above table.
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