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ABSTRACT

MODELLING NONLINEARITIES IN EUROPEAN MONEY DEMAND: AN
APPLICATION OF THRESHOLD COINTEGRATION MODEL

KORUCU GUMUSOGLU, Nebile
Ph.D., Department of Economics

Supervisor: Prof. Dr. Nadir OCAL

February 2013, 182 pages

The money demand function has been regarded as a fundamental building block in
macroeconomic modelling, as it represents the link between the monetary policy and
rest of the economy. The extensive literature on money demand function is
concerned with the existence of a stable money demand function, which ensures
adequate prediction of impact of a given change in money supply on other economic
variables such as, inflation, interest rates, national income, private investment and
other policy variables. This thesis employs both linear and nonlinear estimation
methods to investigate the relationship between money demand, GDP, inflation and
interest rates for the Euro Area over the period 1980-2010. The aim of this thesis is
to compare the European money demand in linear and nonlinear framework. First a
vector autoregression (VAR) model has been estimated. Then a threshold
cointegration model has been employed and nonlinearity properties of the money
demand relationship has been investigated. In contrast to the existing empirical
literature, linear VEC model can find evidence of stability, however it has some

iv



conflicting results which can be explained by the nonlinearity of the model.
Empirical results of MTAR type threshold cointegration specification verifies the
nonlinearity in European money demand. The adjustment coefficient of lower regime
suggests faster adjustment towards long run equilibrium compared to upper regime in
nonlinear model. Moreover, the nonlinear model presents better fit to economic

literature than linear model for European money demand.

Keywords: Euro Area, Money Demand, Nonlinearity, Threshold Cointegration,
VECM.
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AVRUPA PARA TALEBINDE DOGRUSALSIZLIKLARIN MODELLENMESI:
ESIK ESBUTUNLESIM MODELLERI UYGULAMASI

KORUCU GUMUSOGLU, Nebile
Doktora, Ekonomi Bdlimi

Tez Yoneticisi: Prof. Dr. Nadir OCAL

Subat 2013, 182 sayfa

Para talebi fonksiyonu, para politikalar1 ile ekonominin geri kalan kismi arasindaki
baglantiy1 temsil etmesinden dolayi, makroekonomik modellemede 6nemli bir yapi
tag1 olarak kabul edilmistir. Para talebi literatiiriiniin 6nemli bir kism1 para arzina
gelen bir sokun, enflasyon, faiz oranlari, milli gelir, 6zel yatirnmlar ve diger politika
degiskenlerine olan beklenen etkisini 6l¢gmeyi saglayan istikrarl para fonksiyonu ile
ilgilenmektedir. Bu tez ¢alismasi, 1980-2010 doneminde Avrupa Bdlgesi igin para
talebi, GSYIH, enflasyon ve faiz oranlar1 arasindaki iliskiyi 6lgmek ig¢in hem
dogrusal hem de dogrusal olmayan tahmin yontemlerini kullanmaktadir. Bu tezin
amaci, Avrupa para talebini dogrusal ve dogrusal olmayan ¢ercevede
karsilastirmaktir. Bu baglamda, oncelikle vektor otoregresif (VAR) modeli tahmin
edilmistir. Daha sonra esik otoregresif modeli tahmin edilmis ve para talebi

modelinin dogrusal olmayan 6zellikleri incelemistir. Mevcut uygulamali literatiiriin
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aksine, dogrusal VEC modeli istikrarlilik belirtileri bulabilmistir. Ancak, modelde
ekonomik teori ile geliskili, dogrusal olmayan modellerle agiklanabilen bazi sonuglar
bulunmaktadir. MTAR tip esik kointegrasyon modellerinin sonuglar1 Avrupa Bolgesi
para talebinde dogrusalsizligi dogrulamaktadir. Dogrusal olmayan modelde, alt
rejimin diizeltme katsayis1 (ECM), iist rejime kiyasla uzun dénemde dengeye dogru
daha hizli bir hareket gostermektedir. Bu baglamda, dogrusal olmayan model,
Avrupa para talebi i¢in ekonomik literatiire dogrusal modele gore daha iyi bir uyum

gostermektedir.

Anahtar Kelimeler: Avrupa Bolgesi, Para Talebi, Dogrusalsizlik, Esik Esbiitiinlesim
Modelleri, Vektor Hata Dlzeltme Modeli (VECM).
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CHAPTER 1

INTRODUCTION

The money demand function has been considered as a fundamental building block in
macroeconomic modelling, as it is important to connect the monetary policy with the
rest of the economy. This thesis has two targets. At first, it empirically investigates
European money demand nonlinearity over the period 1980-2010. Secondly, it aims

to compare European money demand model in linear and nonlinear framework.

Existing asymmetries in money demand can not be represented by linear models with
symmetric error distributions because such models can only generate realizations
with symmetrical fluctuations, see for instance Terasvirta and Anderson (1992). One
needs nonlinear models to characterize asymmetries. Nevertheless, although money
demand is an old topic in economics, until recently economists have generally
neglected nonlinearities in empirical money demand modelling by opting for linear
time series specifications. Originally, this adherence to linearity is not on the basis of
a common belief or statistical tests supporting the money demand symmetry, just
only due to simplicity of the calculation of linear models in both theoretical and

applied work.

Another important reason for the use of linear models is the lack of the appropriate
nonlinear specifications. Given the estimation and evaluation difficulties of nonlinear
models, it is not surprising that most of the empirical studies to date has focused on
univariate models. More recently, attention has turned to multivariate systems. As
this thesis aims to provide an empirical analysis of European money demand
nonlinearity in the context of the multivariate system. The empirical literature
reviewed in the thesis suggests that research on money demand should be considered
within a nonlinear framework. Much of empirical studies focus on the United States

and the United Kingdom. This study, in this respect, fills a gap by empirically
1



examining the money demand nonlinearity within a set of traditional explanatory
variables such as GDP, inflation and interest rates for the Euro Area.

When we examine the existing literature on money demand, besides the lack of
nonlinear studies, the main objective of empirical studies is to investigate the
stability of money demand function. Broadly speaking, most of the studies
investigate the stability of money demand (see for example, Bruggeman, Donati and
Warne, 2003; Calza, Gerdesmeier and Levy, 2001; Coenen and Vega, 2001,
Golinelli and Pastorello, 2002). After 2002, the stability of money demand in Euro
Area seems to be lost. Technically speaking, the empirical studies in the literature try
to explain this unstability with not having the unit income elasticity which affects the
cointegrating relationship in the long-run for money demand equation. To overcome
this undesirable estimation results, the empirical studies try different estimation
methods, cointegrating relationships with different explanatory variables, including
other explanatory variables, data set and aggregation methods. The importance of
monetary studies has begun to rise again after 2008 global economic crisis which still

continues.

There is aggregated data availability problem before 1999. Thus, estimation of area-
wide money demand function requires the aggregation of the national variables by
employing different approaches. One of them to avoid aggregating problem is using
other reference studies for the data set. Since there is no unique aggregation method
agreed on, this thesis also opts for using an existing data set until 1999 than extend it
according to the ECB and IFS database up to 2010.

Since the income elasticity of money demand is found to be higher than unity,
researchers decide to include other variables than GDP as scale variables, such as
wealth (see for example, Beyer, 2009; Boone and Noord, 2008; Dreger and Wolters,
2009, 2010; Greiber and Setzer, 2007; Setzer and Wolff, 2012). There are different
approaches to measure the wealth variable such as housing prices (that is the most
significant wealth variable), stock prices and other financial issues etc. However,
including wealth variable to explain the money demand relationship creates

complications due to measurement issues. Only a few countries like the UK and the



US have measures of wealth. As Arnold and Roelands (2010) states that due to the
heterogeneity of housing prices and housing market developments across the
European Union, the ECB should not use housing prices in policy implications.
Various models and estimations techniques are employed to find stable money
demand relationship. Moreover, the linear models still have some results that are not
consistent with economic theory. This poor results can be attributed to data and
model related issues but also adherence to linearity almost in all studies.

Laidler (1985, p.53) argues that “Keynes’s analysis......suggest that money demand
can not be treated as a simple, stable, approximately linear, negative relationship
with respect to the rate of interest.” In a world with various global economic crisis
and shocks, economic literature shows that nonlinearity should not be neglected in
analyzing economic variables, especially using macroeconomic variables namely
GDP, exchange rate, unemployment rate, interest rate, inflation rate, finance
equations and money demand®. The literature verifies the possible nonlinearity in
macroeconomic variables. This nonlinearity should not be omitted while explaining
the money demand relationship. Because the determinants of money demand, such as

GDP, inflation and interest rates are found significantly nonlinear in the literature.

There are various approaches for regime switching models, first is Threshold
Autoregressive (TAR) models, proposed by Tong (1977b) and detailed by Chan and
Tong (1990), Tsay (1989) and Hansen (1997). TAR models specify sharp switch as a
function of past values of a transition variable while its smooth transition
generalisation, Smooth Transition(Auto)regressive (ST(A)R) models, allows smooth
switch (See Terasvirta and Anderson, 1992; Granger and Terasvirta, 1994;
Terasvirta, 1994, 1996a, 1996b). Third model is Markov Switching model by Neftci
(1982) and Hamilton (1989) which the regimes are associated with business cycle
expansions and contractions while the switch between regimes is described in terms

of a probabilistic function.

! See for example studies for GDP, Pesaran and Potter (1997); Enders, Falk and Siklos (2007); Ocal
(2000); Ocal (2006); for exchange rate, Obstfeld and Taylor (1997); Sarno, Taylor and Chowdhury
(2004); for unemployment, Hansen (1997); for interest rate, Tsay (1998); Sensier, Osborn and Ocal
(2002); for finance, Tsay (1992); for money demand, Dreger and Wolters (2010); Wu and Hu (2007);
Lutkepohl, Terasvirta and Wolters (1999); Sarno (1999); for inflation rate, Caporale and Caporale
(2002).

3



These models have the advantage of capturing the phase-dependent properties of
different shocks and fluctuations. Moreover, to analyze the responses of the series in
short and medium run, the dynamic properties of the models are investigated for both
linear and nonlinear framework. Unlike linear models, the impulse response function
is allowed to be time varying. In other words, a current shock will have a different
impact on future observations depending on the size and magnitude of the shock, as
well as the history of the series, see Gallant, Rossi and Tauchen (1993), Potter (2000)
and Koop, Pesaran and Potter (1996).

The specific objectives of this thesis can be listed as follows:

1. To define long span of data for Euro Area monetary aggregate and its

determinants.

2. To estimate European demand for money and investigate their economic

properties and their stability in linear framework.

3. To estimate European money demand in nonlinear framework and obtain dynamic
effects by impulse responses. Compare and interpret them with linear models

according to economic theory.

1.1 The Structure of the Thesis

The main content of the thesis is presented in Chapters 2-5. In the second chapter, we
discuss the definition of monetary aggregates and theories of money demand from
Fisher (1911), ‘Classical Quantity Theory of Money’ to Friedman (1956) ‘Modern
Quantity Theory of Money’. Estimation of an area-wide money demand function
requires aggregation of the national variables. Cross-border monetary aggregation
has both advantages and disadvantages, which are summarized in Chapter 2. We
comparatively review existing studies in linear and nonlinear modelling. Our aim is
at first to reveal the studies about European money demand and secondly to present
the nonlinearity of the macroeconomic variables in the empirical literature. Empirical

economic literature shows considerable evidence of nonlinearity. With the light of



these discussions, we select the determinants of the money demand in order to
employ in this thesis, namely GDP, inflation and interest rates.

Chapter 3 addresses methodologies used in the specification and estimation of money
demand function focusing mainly on the vector autoregressive (VAR) model and
threshold autoregressive (TAR) models for nonlinear VECM as those are employed
in this thesis. The econometrics of the vector autoregressive model (VAR), its
linkage with cointegration analysis and tested hypothesis according to economic
theory are discussed. Cointegrated VAR modelling allows the data to determine the
specifications of money demand functions given the set of explanatory variables in
both long-run and short-run. Finally, our linear modelling cycle is given. Moreover,
TAR models, especially MTAR type threshold cointegration models, following
Enders and Granger (1998) are presented. TAR models can capture asymmetric
dynamics in linear Autoregressive (AR) models. MTAR type threshold cointegration
models enables us to characterize the deepness type asymmetry described in Sichel
(1993), such that the series exhibits more momentum in one direction than the other.
More specifically, deepness asymmetry is said to occur when throughs are sharp
while peaks are relatively rounder. For economic data that sharp changes occur with
high probability, and hence Momentum-TAR model can capture the asymmetric
dynamics in the economy. Finally, Chapter 3 gives a brief definition of nonlinear

impulse responses.

In Chapter 4, estimates of the demand for money in Euro Area are presented in linear
framework. The estimated stationary long-run relationships, if any, between the
nonstationary variables of the VAR model are obtained through cointegration
analysis. Furthermore, a number of economic hypothesis about the behaviour of
variables are tested in this context and short-run dynamics of the system is modelled.
The long run and short run estimates of European money demand are compared with
literature. The income elasticity of money demand is found greater than unity but
relatively smaller than the ones found in empirical literature. To analyze short-run
dynamics of the system, linear model presents some conflicting results according to
economic theory that though GDP has positive coefficient but it has insignificant
effect. Nonlinear models may give more plausible results and explain the short run

5



dynamics of the model. Since the empirical literature on money demand focuses on
the stability of the model, we check for the stability properties of the model and
obtain stable relationship for European money demand over the period 1980-2010.
The final part of the chapter presents the dynamic impulse responses which help to
examine the responses of all variables in medium and short run. The life of shock is
approximately 2 years in linear model. The response of money demand in one
standard deviation shock in GDP seems negative in first quarters that conflicts with

economic theory.

Chapter 5 provides the empirical results of Threshold VEC models with all variables
being endogenous, and comparison with that of the linear VECM results discussed in
Chapter 4. We first obtain the cointegrating vector from linear VEC model. Than test
cointegrating vector for nonlinearity. After we have found evidence of nonlinearity,
we estimate European money demand function by employing MTAR type threshold
cointegration model. We compare different regime switching models that change
according to the error correction term and all variables used in the estimation of
money demand function as transition variables. The results show strong
nonlinearities in all cases. The best TVECM is the one which uses first lag of error
correction term as transition variable and assumes no change in short run dynamics.
The adjustment coefficient of lower regime suggests faster adjustment towards long
run equilibrium compared to upper regime. The life of shock is approximately 2.5
years in nonlinear model when compared to linear model which is nearly 2 years.
Although the speed of adjustment towards long run equilibrium in linear and
nonlinear models discussed do not show high differences, the reduced form of
nonlinear specification show important differences to investigate the short-run
dynamics of the model. It is also worth to note that the speed of adjustment towards
long run equilibrium in upper regime is very low, that means deviations of the
demand for money from its long-run equilibrium in upper regime are eliminated
lower compared to other regime. The estimates of reduced form of Momentum TAR
model seems more plausible and consistent with economic theory when we
investigate GDP and money demand relationship. Moreover, the coefficient of GDP

in nonlinear money demand model is found significant and positive which are



consistent with economic theory. Furthermore, the response of money demand to one
standard deviation shock in GDP and inflation seems more reasonable in nonlinear

model.

Finally, Chapter 6 reviews and summarizes the findings from the earlier chapters and

provides a conclusion.

This thesis is an empirical analysis of European money demand and seeks to reveal
nonlinearity by modelling money demand with GDP, inflation and interest rates. It is
shown that, although the linear model provides stable relationship between money
demand, GDP, inflation and interest rates, linear model give conflicting results
according to economic theory. The study finds that the European money demand
model gives better results under the nonlinear estimation framework. Throughout the
thesis, the estimated models are comprehensively elaborated on the basis of their
statistical adequacy and their economic implications. We particularly focus on
dynamic properties within linear and nonlinear framework by examining the models,

the long run equation and impulse response functions.



CHAPTER 2

MONEY DEMAND

2.1 Introduction

The long-run relationship between money and prices has been studied for centuries
as one of the main issues for policy makers (Hume, 1752). Monetary aggregates have
an important role for two monetary policy strategies of the European Central Bank
(ECB). One of them is about the economic analysis of the price risk in the short run
while the second one is about the price stability of the monetary analysis in the
medium and long run (Dreger and Wolters, 2010; ECB, 2003).

The purpose of this chapter is to define money, the demand for money and review
literature. The plan of the chapter is as follows. The definition of money, theories and
the determinants of money demand are discussed in Section 2.2 and different
monetary aggregates are reviewed. Section 2.3 covers the definition and the structure
of the European Union. The advantages and disadvantages of the aggregation
methods are summarized in Section 2.4. Section 2.5 presents a brief review about the
existing studies on the demand for money and nonlinearity. Finally, Section 2.6

concludes.

2.2 Money and the Demand for Money

Money plays a key role in economies for centuries. “It is certainly no exaggeration to

say that, money makes the world go round and that modern economies could not

function without money”.?

2 ECB (2011).



Instead of describing what money “is”, economists deal with what money “does”. As
discussed in the literature, there are three major functions of money (Heijdra and van
der Ploeg, 2002):

(1) as a medium of exchange
(2) asastore of value

(3) as a medium of account

Yet only the medium of exchange role is the distinguishing role of money. Any other
commodity can serve as a medium of account and there are number of assets, which
can be used as a store of value. These three essential roles of money provide
macroeconomists the foundations for many theories of the money demand, giving
rise to a transactions demand, a precautionary demand and a speculative demand for
money (Goldfeld and Sichel, 1990; and Laidler, 1993). The use of money as the
medium of exchange and the customary units in which prices and debts are expressed
led to transaction models. These models assume that the level of transactions is
known and net inflows are dealt with by others as uncertain. Moreover, money
functions as a store of value and serves the purpose of preserving purchasing power.
Money, being a permanent abode of purchasing power, is a convenient asset to hold,
as it enables a person to avoid the time and effort which would otherwise have to be
involved in synchronising market exchanges. Even though other assets can act as a
store of value, they either have an uncertain nominal return because of capital gains
and losses, such as equity and bond, or they involve transaction costs in order to be
converted into money. Hence, the willingness to hold money could be due to the
convenience and liquidity of money. Besides money is available as a unit of account,

which means that prices will all be quoted in terms of money.

365

A monetary aggregate is defined in ECB Monthly Bulletin (1999)° “as the sum of

currency in circulation plus the outstanding amounts of certain liabilities of financial

® European Central Bank Monthly Bulletin, February 1999, pp. 29-46.
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institutions which have a high degree of liquidity in a broad sense”.* The Euro
system defines a narrow (M1), an intermediate (M2) and a broad aggregate (M3) of
money. Detailed definitions of Euro Area monetary aggregates can be seen in Table
2.1. Narrow money (M1) includes currency such as banknotes and coins, as well as
balances that can directly be converted into currency or used for cashless payments,
I.e. overnight deposits, accounts, automatic transfer service accounts. Intermediate
money (M2) covers narrow money (M1) together with savings and minor deposits,”
overnight repurchasing agreements at commercial banks and non-institutional money
market accounts. Broad money (M3) includes M2 plus long time deposits, repos of
maturity greater than a day at commercial banks, marketable instruments issued by
the Monetary Financial Institutions® sector. In addition, there are other monetary
definitions namely, M3H, MB and MR, which are all independent from the currency
of denomination. To define briefly, M3H is a harmonized kind of M3 broad
monetary aggregate, which includes all short-run financial assets of the residents
held with domestically located financial intermediaries. Other monetary aggregate
MB includes all short-run financial assets held with financial intermediaries located
in the European Monetary Union (EMU), regardless of the nationality of holder. Last
monetary aggregate MR includes all short-run financial assets held by EMU
residents, regardless of the location of the financial intermediary (Bruggeman, 2000).

The Governing Council of the ECB gives a key role to M3 in the monetary policy
implications (ECB, 1999). Most of the money demand studies concerning Euro Area
opt for M3 broad monetary aggregate since the ECB targets M3.” Fase (1994)
indicates more stability in broad money than narrow money. This can be explained
by M3 is not affected so much by substitution between various liquid asset categories

than narrow definitions of money (M1 and M2) and is found more stable compared

* For a detailed explanation of the money demand, see Goldfeld and Sichel (1990) in Handbook of
Monetary Economics, Chapter 8.

> “Deposits with maturities of up to two years and deposits redeemable at notice of up to three months.
Depending on their degree of moneyness they can be included into components of M1” (ECB, 1999).

® MFI.

" Hahn and Miiller (2000).
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to M1 and M2. That explains why M3 money demand definition is preferred for Euro
Area studies. The components of M3 are given in Figure 2.1.

Table 2.1 Definitions of Euro Area Monetary Aggregates

Liabilities M1 M2 M3
Currency in circulation X X X
Overnight deposits X X X
Deposits with agreed X X

maturity up to 2 years

Deposits redeemable at notice X X
up to 3 months

Repurchase agreements X

Money market fund (MMF) X
shares/units and  money
market paper

Debt securities up to 2 years X

Source: ECB (1999, p. 35).

2%

B Debt securities up to two
years

B Currency in circulation

m Overnight deposits

B Deposits with agreed maturity
up to 2 years

Figure 2.1 Percentage Shares of the Components of M3®

Source: ECB (1999, p. 36).

® Differences in totals of percentages are due to rounding.
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2.2.1 Theories of Money Demand

According to Laidler (1993), two characteristic of money are always considered in
theories that set it apart from other goods. First, money is convertible for exchanging
with goods and services. Secondly, its market value is at least highly predictable, if
not always stable. These two characteristics are usually called liquidity and are not
exclusive properties of money. Money is the most liquid of all assets and this

characteristic leads to its being demanded.

The development of modern monetary theory stretches back to the mid-eighteenth
century or even earlier, though the quantity theory of money is popular until the
beginnings of 1930’s. The quantity theory is first used by Fisher (1867-1947). In
fact, monetary theory deals with how much the individuals and the governments hold
money. The oldest theory, called “classical version of the quantity theory of money”,
still have considerable relevance even today. Fisher (1911) gives a definition of this
approach. Classical quantity theory is advanced by Alfred Marshall and Arthur C.
Pigou® who are from University of Cambridge. Keynes (1923) is within the tradition
of Marshall and Pigou, while in Keynes (1930, 1936), the Keynesian approach for
demand for money is well developed. Friedman (1956) develops the classical

quantity theory and conducts modern quantity theory. '

The main point of theories is how the demand for money response to changes in the
interest rates. The velocity of money is constant, if the demand for money is not
affected by interest rates, and the quantity of money is the primary determinant of

nominal aggregate spending.

The first theory as mentioned in the literature is the Quantity Theory Demand for
Money. The quantity theory of money has been presented by classical economists
Fisher (1911) and Pigou (1917) under the classical equilibrium framework. They
assume that money is neutral, with no consequences for real economic variables. The

quantity theory of money emphasises the role of money as a medium of exchange,

% In Pigou (1917).

19 aidler (1993).
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stating that changes in the money supply induce proportional changes in the price
level. Fisher analyze the institutional details of payment mechanism, which is known

as Fisher’s Equation of Exchange, which can be represented as:

MV, =PT (2.1)

Equation (2.1) means that the value of purchases must be equal to the amount of
money in circulation in the economy. Where M is the quantity of money, Vr is the
number of times it turns over, P is the price level, and T is the volume of
transactions. According to Fisher, the quantity of money, Ms, V1 and T are not
dependent to the other variables. The theory discusses that the changes in money
directly affect general price level. The demand for money is only based on income
level and price. The demand for money is independent from interest rates in Classical
Theory. The equation of exchange is an identity because it should provide that the
quantity of money times how many times it is used to buy goods equals the amount

of goods times their price.

Fisher considers that institutions and technology that do not change much over time,
affect velocity, leading to the constant velocity assumption. Furthermore, he also
believes that output Y stays constant in the short-run at its full-employment level.

Hence, the quantity theory of money can be represented as follows:

MsVr =PT (2.2)

Those variables with bars over are determined independently. Furthermore, the
supply of nominal money is exogenously given, and in the equilibrium, the demand

for money is equal to its supply. Therefore,

Ms =M, =k PT (2.3)
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where

V1

1
kT
If both V and Y are constant, then changes in Mg should affect P to protect the MV
and PY equality. The quantity theory of money states that a change in the money
supply, M, causes an equal percentage change in the price level P. Fisher tries to
answer the determinants of the amount of money that an economy needs to carry out
for a given volume of transactions, but Cambridge economists discuss the
determinants of the amount of money that an individual agent wishes to hold.
Cambridge economists measure the demand for money in nominal terms varies in
proportion to the price level. The major restriction of the Fisher approach is that
velocity is not fixed; even in the short-run it is unstable. Thus, velocity is sensitive to

changes in money supply.

Cambridge economists, Pigou (1917) and Marshall (1920) propose a different
approach to the quantity theory of money, Cambridge approach which deals with the
demand for money instead of supply of money. They argue that money yields utility
as it is accepted as a means of exchange. They deal with the money that an individual
willing to wish to hold rather than the amount that he/she has to hold. Generally,
Neoclassical economists** in Cambridge University take a microeconomic approach
that they take the effect of wealth and interest rates. Unlike the quantity theorists, the
Cambridge economists allow for possible interest rate effects on the demand for

money in the short-run.

Cambridge economists, particularly Pigou, assume the level of wealth, the volume of
transactions and the level of income, over short term periods at least, move in stable
proportions to one another (Laidler, 1993). Than, they write the demand for money

as a proportion to the nominal level of income:

M, =kPY (2.4)

1 Neoclassical economists refer to Walras (1834-1910), Alfred Marshall (1842-1924) and Arthur C.
Pigou (1887-1959).
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where k = 1/V is the proportion of nominal income that an individual wants to hold

as money. Incorporating the classical assumption of money market equilibrium,
M, =Ms (2.5)

The Cambridge Approach leads to the quantity theory formulation. Under this
approach, it is assumed that the real income Y is at full employment level, and
income velocity (V) is fixed. Therefore, the price level moves proportional to the

quantity of money, “money is neutral.”

Keynes recognizes the major shortcoming of the Quantity Theory of Money and
argues that velocity of money is unlikely to remain the same over time. They
emphasize the importance of interest rate in the money demand function. Although
Fisher and Cambridge economists accept money, among other assets, as a means of
exchange, Keynes assumes that money functions not only as a medium of exchange
but also as a store of value. Keynes calls his theory of the demand for money “the
liquidity preference theory” and distinguishes three motives for holding money that
‘a transaction motive’, a ‘precautionary motive’ and a ‘speculative motive’. Keynes
lists “transactions motive” as an important factor for money demand. He also
discusses the precautionary motive for holding money such as sudden emergencies
caused by accidents or illness and speculative motive for uncertainty.

M, =[kY +I(r)W]P (2.6)

where the first term in brackets shows transactions and precautionary balances, and
the second term represents speculative balances. The last and important motive is
speculative demand for money. In this sense, the demand is an alternative asset to
other interest-yielding assets. As the primary result for this theory, the demand for
money depends negatively on the interest rate. Combining three separate demands
for money- the transactions demand, the precautionary demand, and the speculative
demand — Keynesian liquidity preference function is obtained, describing the total

demand for money:

15



Md
5 =TRY) (2.7)

f1<0 and f,>0, where f; denotes the partial derivative of f(.) with respect to its i
argument. There is negative relationship between the demand for real money
balances and nominal interest rate and positive relationship between the demand for

real money balances and real income, Y (Serletis, 2007).

Friedman (1956) develops the Keynesian approach and analyzes the factors that
determine how much money people hold under various circumstances. Friedman’s
theory is referred as the modern quantity theory, rather than the quantity theory. In
contrast, Friedman (1956) does not see any motives for holding money. He assumes
that money is a kind of wealth asset. He considers money as a durable good which
yields a flow of non-observable services. Thus, he integrates an asset theory and a
transactions theory within the context of neoclassical microeconomic theory of
consumer and producer behaviour and assumes that money has abstract purchasing

power*?,

He considers money as a durable good which yields a flow of non-observable
services. He argued that demand for money should be treated in the same way as the
demand for goods or services. Friedman (1956) categorized wealth as human and
non-human wealth. Human wealth can be calculated as the present discounted value
of labour income. The non-human wealth, on the other hand, consists of the
individual’s financial and physical assets. The demand for money is argued to be a
function of the wealth and the other assets that people hold and the expected return
rate. He uses permanent income as a proxy for total wealth. Accordingly, Friedman’s
theory of demand for money includes real permanent income, the difference of
expected nominal rate of returns on bonds with money and on equity with money and
expected inflation rate. In Friedman’s view, when interest rates rise in the economy,
other rate of returns also rise, so no change happens in the expected rates of return.

Thus, interest rate changes do not affect the demand for money and the real

12 Meaning people hold money for using for upcoming purchases of goods and services.
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permanent income is the only determinant of real money demand. Friedman’s money

demand function can be approximated by

Md
T=f(Yp,rm,rb,re,Ai,,W,u) (2.8)

M . .
where - is the demand for real money balances; Y, is the permanent income,

Friedman’s measure of wealth; r is expected return on money; r, is the expected

return on bonds; r, is expected return on equity (common stock); A} is expected

inflation rate; w is proportion of human wealth and non-human wealth; u is the other

factors influencing demand for money.

There is a positive relationship between demand for an asset and wealth; positive
relationship between money demand and Friedman’s wealth concept (permanent
income), which has much smaller short-run fluctuations as many movements of
income are transitory. Thus, the demand for money is not expected to fluctuate much

with business cycle movements.

Friedman suggests that the function of demand for money is highly stable; implying

that the quantity of money demand can be predicted.

Theoretical work on the transactions demand for money has been provided by
Baumol (1952) and Tobin (1958) independently. Yet they reach to similar
conclusions about it. They emphasize that the benefit of holding money is
convenience and the cost is the forgone interest by not holding interest-yielding
assets. They believe in the importance of transactions motive for holding monetary
balances and they regard money as an inventory held for transactions purposes. The
major assumptions in the model can be listed as follows: the individual receives a
known lump sum cash payment of T per period and spends it all, evenly, over the
period; there are only two assets, money and bonds, where bond holdings pay
constant interest rate r per period and money pays zero interest; a fixed brokerage

fee b (transaction costs) may be incurred when the individual sells bonds to obtain
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cash in equal amounts K; the key element in this inventory model is that all relevant
information is known with certainty. The total transactions costs can be represented

as follows:

Tc=bl +rK (2.9)
K 2

where (%) represents the number of withdrawals, b% is the sum of the brokerage

fee, (gj is the average amount of real money holdings (: %j , and R% is the

foregone interest if money is held instead of interest yielding assets.

The optimal money demand can be obtained by minimizing the total transaction

M:l ’Zb_Y (2.10)
P 2V R

Then the optimal demand for money depends on real income, transaction costs and

costs with respect to K.

interest rate. Thus, the demand for money emerges from a trade — off between
transaction costs and interest earnings. However, there is uncertainty about timing of

cash inflows and outflows.

2.2.2 The Determinants of the Demand for Money

The explanatory variables in the demand for money function are divided into three
groups (Laidler, 1993). Firstly, there are scale variables, such as income and wealth;
secondly, there are the opportunity cost variables, namely the yields on assets other
than money and the yield on money. In the last group, there are the other relevant
variables, such as the level of wages, the riskiness of bonds and so on. As scale
variables, income and wealth are generally employed. The level of income is often
preferred to measure the economy. In general, gross national product, net national
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product and gross domestic product variables are used to measure the income level.
These variables move rather closely to each other, so that there may be no significant
difference between using any of them. Instead of national income, the level of
consumer expenditure can also be used. Actually, the details of main determinants of
the demand for money are based on the country’s financial system. There are many
studies that include additional different determinants, such as oil prices and exchange
rates. The demand for money means demand for real balances. Therefore, the
nominal terms are converted to real terms by using an appropriate price index. This
index can be a gross national product index, consumer price index or producer price

index depending on the availability and the financial system of the country.

However, using a wealth variable has an important shortcoming that there is no
common measurement of wealth in empirical analysis. Wealth is usually measured
by expected or permanent income. Opportunity cost variables, rates of return on bills
and bonds and on financial intermediaries’ liabilities are discussed in detail in
Laidler (1993). There are different variables used for opportunity costs of money
demand such as short term interest rate, long term interest rate and own rate of
monetary aggregate. Actually, there are different approaches in the literature for
selecting the interest rates, interest rates differentials or the inflation rate as a proxy
for the opportunity costs. The short-run interest rate can be thought of as an
approximation of the own rate of return on monetary aggregate as they exhibit
similar trend. In the literature, there are different approaches such as some of the
studies may include three opportunity costs and they compare the spread between
long-run government bond yield and own rate of monetary aggregate and the spread
between short-run interest rate and own rate of monetary aggregate. While some of
them consider the spread between short-run interest rate and long-run government

bond yield only.

It follows that the demand for money depends positively on a scale variable such as
GDP or wealth, but is negatively to the returns on assets or money and the rate of

inflation. Such as:
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d
MT: £(1,R,P) (2.12)

Where M® denotes money demand, P price level, | scale variable (GDP), R a vector
of interest rates on alternatives of money (short run interest rates), P denotes the
percentage change in the price level. The function is increasing in GDP (or wealth),
decreasing in inflation and the elements of R. If we rewrite the equation (2.11) in

logarithms (lower case variables denote the logarithms) as:

mé —p =x +8gdp + YR + SAp (2.12)

where Ap denotes inflation, The parameters y and £ are negative. According to
Friedman’s quantity theory of money, the coefficient of scale variable (&) is equal to
one. This refers to unit income elasticity. o takes the value 0.5 in Baumol and
Tobin’s transaction demand theory.™® There are controversies in the literature about
the income elasticity of the demand for money. Income elasticity can vary according
to the definition of monetary aggregates. Whereas narrow money has income
elasticity lower than unity, while broad money has excess unity. Especially wealth
elasticities can be greater than unity (Yildirim, 1997). In the literature, the income
elasticity is significantly larger than one in some studies especially for Germany,
namely Issing and Todter (1995); Yildirim (1997); Scharnagl (1998); Litkepohl and
Wolters (2003); for the Euro Area, see the survey in Golinelli and Pastorello (2002);
Bruggeman, Donati and Warne (2003).

2.3 The European Union

In 1957, six European countries —Belgium, France, Germany, Italy, Luxembourg and

the Netherlands- decide to organize a European market where people and goods can

¥ The difference in the value of the elasticity o is only one of many differences between these two
theories. Friedman and Schwartz (1982) describes Friedman’s version of the quantity theory of
money.
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move freely. After nine more countries participate to the Union™*, the European
Union (EU) is established in . In the beginnings of the Union, they have a standard of
living close to the United States (Blanchard, 2003).

What to call the group of countries that join the Euro is defined in Blanchard (2003)
that “Euro zone sounds technocratic. Euroland reminds some of Disneyland. Euro
Area seems to be gaining favor, and this is the expression that is used in this book”.
Euro Area term is commonly used also in the literature. After the common currency
Euro is defined in 1999, only 11 countries participated to EMU. Common currency
means a common monetary policy, which means the same interest rate across the

Euro countries.

In 1991, at the EU Council meeting in Maastricht, the heads of state or government
agree on a set of criteria, which would be applied to select the countries that will
become the members of a single currency area, EU. These criteria concern main
economic indicators such as price stability, public finances, exchange rate stability
and long-term interest rates. The structure of the European Central Bank (ECB) and
the first years of the ECB are detailed in Issing (2004). After seven months of the
establishment of the ECB, on 1 January 1999, eleven European countries transfer
monetary power to the new institution and the ECB starts to manage a new unique
monetary policy™ for the Euro Area. With the entrance of eleven countries into a
new monetary community, monetary policies for these countries begin to be set by
the newly-formed ECB. The main steps towards the Euro and the EU are given in
Table 2.2. As can be seen from Table 2.2, the idea that the Europe should have a
single, unified and stable monetary system has its roots dating back to 1962 (ECB,
2011, p. 50).

There are discussions about the data period of the European Union. It is worth to
note that data period begins at the end of 1970s because the important milestone of
the European Monetary System (EMS) started its operations in March 1979. After

4 Austria, Denmark, Finland, Greece, Ireland, Portugal, Spain, Sweden and the United Kingdom.

1> See Fischer, Lenza, Pill and Reichlin (2006) for the analysis of new monetary policy of ECB for
1999-2006.
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signing the Maastricht Treaty on European Union in 1992,° EMU and ECB are
formed in 1999. So the Euro Area data has become available only since 1999 and

Euro coins and notes become available in 2002.

Table 2.2 The Road To The Single Currency, The Euro®’

1962

May 1964

1971

April 1972

April 1973

The European Commission makes its first proposal
Memorandum) for economic and monetary union.

(Marjolin

A Committee of Governors of the central banks of the Member States
of the European Economic Community (EEC) is formed to
institutionalise the cooperation among EEC central banks.

The Werner Report sets out a plan to realise an economic and
monetary union in the Community by 1980.

A system (the “snake”) for the progressive narrowing of the margins of
fluctuation between the currencies of the Member States of the
European Economic Community is established.

The European Monetary Cooperation Fund (EMCF) is set up to ensure
the proper operation of the snake.

March 1979 The European Monetary System (EMS) is created.
February The Single European Act (SEA) is signed.
1986
June 1988 The European Council mandates a committee of experts under the
chairmanship of Jacques Delors (the “Delors Committee”) to make
proposals for the realisation of EMU.
May 1989 The “Delors Report” is submitted to the European Council.
June 1989 The European Council agrees on the realisation of EMU in three
stages.
July 1990 Stage One of EMU begins.
December An Intergovernmental Conference to prepare for Stages Two and
1990 Three of EMU is launched.
February The Treaty on European Union (the “Maastricht Treaty”) is signed.
1992
October Frankfurt am Main is chosen as the seat of the EMI and of the ECB
1993 and a President of the EMI is nominated.
November The Treaty on European Union enters into force.
1993

'® Anderson, Dungey, Osborn and Vahid (2008).

7 www.ech.int
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Table 2.2 (Continued)

December
1993

January
1994
December
1995

December
1996
June 1997

May 1998

June 1998
October
1998

January
1999

January
2001
January
2002

May 2004

January
2007

January
2008

January
2009

January
2011

Alexandre Lamfalussy is appointed as President of the EMI, to be
established on 1 January 1994.

Stage Two of EMU begins and the EMI is established.

The Madrid European Council decides on the name of the single
currency and sets out the scenario for its adoption and the cash
changeover.

The EMI presents specimen Euro banknotes to the European Council.

The European Council agrees on the Stability and Growth Pact.

Belgium, Germany, Spain, France, Ireland, Italy, Luxembourg, the
Netherlands, Austria, Portugal and Finland are considered to fulfil the
necessary conditions for the adoption of the Euro as their single
currency; the Members of the Executive Board of the ECB are
appointed.

The ECB and the ESCB are established.

The ECB announces the strategy and the operational framework for the
single monetary policy it will conduct from 1 January 1999.

Stage Three of EMU begins; the Euro becomes the single currency of
the Euro Area; conversion rates are fixed irrevocably for the former
national currencies of the participating Member States; a single
monetary policy is conducted for the Euro Area.

Greece becomes the 12" EU Member State to join the Euro Area.

The Euro cash changeover: Euro banknotes and coins are introduced
and become sole legal tender in the Euro Area by the end of February
2002.

The NCBs of the ten new EU Member States join the ESCB.

Bulgaria and Romania bring the total number of EU Member States to
27 and join the ESCB at the same time. Slovenia becomes the 13th
Member State to join the Euro Area.

Cyprus and Malta join the Euro Area, thereby increasing the number of
Member States to 15.

Slovakia joins the Euro Area, bringing the number of Member States
to 16.

Estonia joins the Euro Area, increasing the number of Member States
to 17.

Source: ECB (2011, p. 51).

The key aspect of the ECB’s monetary policy is to aim to pursue price stability over

the medium term, and its importance is summarized in ECB monthly Bulletin
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(January, 1999). The first argument is that price stability helps to improve the
transparency of the market by avoiding distortions and allocating real resources
efficiently both across uses and across time. By maintaining the price stability, the
efficiency of the markets can be most effective. Second issue is to try to minimize
the inflation risk in long-term interest rates by lowering long-term rates and helping
to prompt investment and growth. The third point is to make certain the future price
level for investments and growth. Price stability makes investment decisions efficient
and eliminates real costs. The last issue pointed is that maintaining price stability
avoids inconsistent distribution of the wealth and incomes that arises in inflationary

as well as deflationary environments.*®

The current economic crisis*® in European Union shows the importance of monetary
policies and the difficulties of managing different economies by identical policy and
single monetary system. After World War Il, the current economic crisis has the
biggest impact on global economy compared to the other economic crisis and the
shocks. The most effective global crisis until now is Great Depression of the 1930s.
There are some significant similarities between the 1907-08, 1929-35 and 2007-2009

crises in terms of initial conditions and geographical origin.*

2.4 Aggregation Methods

Since the Euro is defined in 1999, no long time series data is available before 1999
for the Euro Area. To make historical Euro Area-wide series available, national data

must be aggregated.

Researchers obtain the data by using several aggregation methods. However, existing
methods of reconstructing historical Euro Area data by aggregation of the individual

8 ECB (2011)

19 For detailed information about European Economic Crisis, please see European Comission Report,
Economic Crisis in Europe: Causes, Consequences and Responses, 2009,
http://ec.europa.eu/economy_finance/publications/publication15887_en.pdf.

% European Comission Report, Economic Crisis in Europe: Causes, Consequences and Responses,
2009.
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countries has several difficulties, especially due to the past exchange rate changes
(Beyer, Haug and Dewald, 2009). In fact, fluctuations in exchange rates may cause
bias in aggregated data. On the other hand, aggregation reduces the specification
bias. Because of the trade-off between aggregation and specification bias, aggregated
data may provide better estimates than single-country ones (Fase and Winder, 1998).
Fagan and Henry (1998) show that aggregation bias is not a major problem. Actually,
there is no unique aggregation method that is adopted by the literature for linking
Euro Area pre- and post- 1999 data (Coenen and Vega, 2001).

In order to aggregate data of the individual countries, we need to convert the national
currencies’ data into a common currency. With the establishment of the EMU, there
are many discussions in the literature about the alternative aggregation methods.
There are two alternatives for converting the data, one is using the exchange rates;
the other one is using the purchasing power parity (PPP) rates. Four main

aggregation methods are detailed in Winder (1997):
1. Current exchange rates at each period,

2. Fixed base-period exchange rate,

3. Current purchasing power parity rate,

4. Fixed base-period purchasing power parity rate.

The use of current exchange rate or purchasing power parity rates to convert the
national data into Euro, introduces an extra and unwanted component in the growth
rate series (Bosker, 2003). By using the fixed base-period rates, real version of the
variable is obtained. With fixed base-period exchange rates, the growth of nominal
EU-output is not affected by changes of the exchange rate of the countries’
currencies (Winder, 1997). There are not so much differences between choosing
either fixed base- period exchange rates or fixed base-period PPP rates. However, it
is recommended to try both of the aggregation methods and compare the sensitivity
of the estimates. PPP rates give more smoothly estimates over time than the
exchange rates estimates. Actually, the differences depend on the base year, the

choice of the common currency and the variable that is aggregated such as the
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output, inflation rate or money demand (Winder, 1997). The Euro Area M3 data

presented in the ECB is aggregated by using the fixed base-period exchange rates.

Brand, Gerdesmeier and Roffia (2002) states that “using the fixed exchange rates
instead of current exchange rates avoids having very volatile aggregate series.
However, especially in the short term, results using current exchange rates may
mirror fluctuations in the exchange rates, rather than the sought underlying
movements in the variables”. Brand, Gerdesmeier and Roffia (2002) compare two
aggregation methods based on fixed exchange rates and fixed GDP weights based on

PPP exchange rates.

The other aggregation method used in Brand, Gerdesmeier and Roffia (2002) is
based on fixed GDP weights, where the weights are the share of the country GDP at
market prices measured at PPP exchange rates. The growth rate of Euro Area wide
aggregate variable is the weighted averages of the growth rates of other member
countries. However, this calculation method has some shortcomings that calculated

area-wide values do not satisfy the balance sheet identities.

Fagan and Henry (1998) compare two aggregation methods for national and area-
wide M3H equations (current exchange rates and a fixed-weight index method) and
conclude that the aggregation is not a big problem despite the marked differences in
equation coefficients across countries.”* Beyer and Juselius (2010) reestimate the
monetary model in Coenen and Vega (2001) base on fixed weights using flexible real

and nominal GDP weights and obtain robust results.

Detailed discussions about advantages and drawbacks of aggregation methods can be
found in Winder (1997), Marcellino (2004) and Beyer, Doornik and Hendry (2000,
2001), Fagan, Henry and Mestre (2001) and Brand, Gerdesmeier and Roffia (2002).
In general, aggregation of economic relationship is first examined by Grunfeld and
Griliches (1960), Zellner (1962) and Pesaran, Pierse and Kumar (1989).%

2! For details of aggregation methods, see Fagan and Henry (1998).
22 Discussed in Kremers and Lane (1990).
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Besides different aggregation methods, aggregating the data has many drawbacks, as
listed in Marcellino (2004) and reviewed in Bruggemann and Liitkepohl (2006), that
some data can not be available in desired frequency for some periods or areas; for
seasonally adjusted data, there are some differences in working day adjustments
within countries and the method of aggregation have an important effect. Different
aggregation methods may have a substantial impact on the parameter estimates.
Various aggregation methods have different remarkable estimates (Fase, 1993). A
common property of aggregated money demand functions seems to be that they

exhibit better stability properties compared to national data.?

Because there is not a unique aggregation method agreed on by the literature, there
are many studies using different aggregation methods. For example, Coenen and
Vega (2001) use fixed base period PPP rates for 1995 and Golinelli and Pastorello
(2002) use fixed base exchange rates for 1999. In papers on aggregate Eurozone data
by Beyer, Doornik and Hendry (2000, 2001) employ another aggregation method.
They suggest using summation of the levels data or the growth rates and fixed or
variable weights, in any combination. Bosker (2003) also compares two aggregation
methods that are fixed weight level aggregation and variable weight growth rate
aggregation in his study. Because the interest rates in both methods are very close to
each other, the aggregations are also close to each other. However, according to the

estimates, variable weight growth rate aggregation seems providing better results.

Bruggeman, Donati and Warne (2003) employ two aggregation methods and
compare them.? First method includes two aggregation techniques that one of them
convert national M3 and real and nominal GDP into Euro and then sum. While the
second aggregation method is the index method discussed by Fagan and Henry
(1998) such that all variables are aggregated according to weights calculated from
the share of each country in Euro Area GDP at PPP exchange rates. The aggregation

across countries is performed based on M3 or GDP weights. Index method is also

2 Hahn and Miiller (2000).

% For another alternative aggregation method, see Beyer, Doornik and Hendry (2001) who suggest
using the average national growth rates as weights.
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discussed in Fagan, Henry and Mestre (2001)%. For some variables, (for example
ratios), the aggregated data is calculated by the weighted sum of the ratios. In the
other hand, for some series (such as employment), it is calculated just by taking

summation of the series.

Aggregating causes some problems in the data such as structural breaks. Structural
breaks are an essential problem in the Euro Area. Despite all drawbacks, to employ
area wide models, aggregating the data set is fundamental framework. It also
smoothes the data set and increases the stability properties, though might distort

nonlinear structure if any.

2.5 Existing Studies
2.5.1 Linear Models

This section of the chapter includes the review of the money demand studies.
Generally speaking, the main purpose of the studies is to find a stable money demand
relationship. The stability seems to be lost according to some economic fluctuations.
However, the empirical studies try to investigate stability by trying different
aggregation methods, estimation methods and including additional explanatory
variables. Estimating a reliable, stable, at least predictable money demand function is
still extremely essential for the price stability target of the ECB (ECB, 2011). Many
countries follow stability-oriented monetary policy framework. For this reason,
Central Banks prefer to use inflation targeting strategy.?® Therefore, the stability is a
popular subject for researchers and policy makers for decades. Because, stable
equilibrium demand for money is a necessary, but not sufficient condition for
monetary policies. Since the beginning of 1990s, until the beginning of 2000s, many
studies find evidence of stability for European broad money demand (Golinelli and
Pastorello, 2002).

% p.53.
% ECB (2011).
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The majority of the money demand studies generally focus on the industrial countries
such as the United States and the United Kingdom. Rose (1985), Baba, Hendry and
Starr (1992), Hendry and Ericsson (1991b) and Mehra (1997) analyze the demand for
money for the US while Adam (1991), Hendry and Ericsson (1991b), Hendry (1995)
analyze the system for the UK.

According to the studies, the US money demand exhibits stability properties until the
early 1990s. Main difference of the study of Hendry and Ericsson (1991b) is that
they include a different scale variable and interest rates other than suggested by the
literature. They use M1 as money aggregates; real total final expenditure as a scale
variable instead of income and three-month local authority interest rate and the retail
sight-deposit interest rate. They model money demand by equilibrium correction
model (EqCM).?” Ericsson, Hendry and Prestwich (1997) update the data set and
model money demand in UK for more than a century. Hendry and Ericsson (1990)
model the demand for narrow money (M1) for the UK and the US. Ericsson (1999)
analyzes narrow money in the UK by including the inflation. Especially the studies
on the UK money demand find stable relationship,”® while the demand for money,

M4, can be unstable.?®

Elger, Jones and Nilson (2006) estimate US nominal money growth from 1992 to
2004 by applying different method®® in addition to vector autoregressive (VAR)
model, which is discussed in Chapter 3. However, their method does not give

significant estimates for forecasting inflation four quarters ahead.

Berument and Tasg1 (2002) investigate money-income relationship for seven OECD
countries and Sims (1992) analyzes the money-income relationships for France,
Germany, Japan, the UK and the US. Both of the studies include six variables to

model monetary policy. These variables are short term interest rates, the exchange

%" Hendry and Ericsson (1991b) refer to their model as ECM but technically it is an equilibrium
correction model. See Hendry (1995, p.213) for the difference between the two types of models.

%8 Fisher and Vega (1993).
? Fiess and MacDonald (2001).
% Regime Switching (RS) VAR model.
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rate, world level commodity prices, a money supply measure (M1), the consumer
price index and industrial production. The role of targeted inflation in monetary
policy of Turkey is analyzed by Berument and Tasg1 (2004). They find no significant
effect of targeted inflation on monetary policies for Turkey. The effect of monetary
policy on long-term interest rate for the US is analyzed in Berument and Froyen
(2009). Thus, inflation rate, interest rate and the income are important determinants
for the monetary policies of Central Banks in the US.

The US money demand (M2) seems to be stable until the early 1990s (Carlson and
Parrott, 1991; Duca, 1995; Whitesell, 1997; Dotsey, Lantz and Santucci, 2000;
Carlson, Hoffman, Keen and Rasche, 2000). Due to the problems in US financial
institutions, the stability seems to be lost for M2 from 2000s. Lanne and Lutkepohl
(2008) also try to identify the US monetary policy shocks by using changes in
volatility. Hendry and Mizon (1998) find different regimes in velocity of money and

interest rates but conclude stable long-run relationship between these variables.

The demand for money is a popular subject by the Central Banks and researchers in
all over the world as well as the UK and the US. There are many studies in area wide
and individual manner in the literature. Studies about the other countries (Spain,
Greece, Sweeden, Finland, Norway, Canada, China, Japan, South Africa etc.) are not
detailed in this thesis. As this thesis focuses on European money demand, the
demand for money is mostly studied for the Euro Area. Before analyzing the Euro
Avrea studies in detailed, the studies about German economy are discussed. Germany
has an essential role for the European Union therefore German economy stands for
the Euro Area in some studies. When the ECB is established, it is organized and
modelled according to the structure of Deutsche Bundesbank (Germany’s Central
Bank) (Hamori and Hamori, 2008). This may explain why early literature is based on

Germany.

As in general, most of German money demand studies rely on M3,* (as Euro Area
target M3 money definition), while Wolters, Terasvirta and Lutkepohl (1998)

31 This may be explained as both of the Central Banks publish M3 growth as their target (Hamori and
Hamori, 2008).
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employ M1. For instance, Gaab and Seitz (1988)%* estimate M1 for the period
1963:1-1985:4; Rudel (1989) also estimates M1 for the period 1961:1-1987:4 and
find stable relationship. Buscher and Frowen (1993) use both M1 and M3 money
aggregates for the period from 1973:1-1987:4. Hansen and Kim (1995) also estimate
both stable M1 and M3 money demand for the period 1960:1-1992:4. The stability of
an EU wide money demand function can be attributed to the stability of German
money demand function (Wesche, 1997a). Confirming this hypothesis, Briggemann
and Litkepohl (2006) use German data before 1998 period standing for Euro Area
data set. They conclude that the general dynamics of the estimated models for the
German and the Euro Area period are quite similar. Money demand in German is
more stable than all other European countries.®® Wesche (1997a) compares the
stability of money demand for group of countries® in Euro Area with and without
Germany. Main finding of Wesche (1997a) is that money demand loses stability
properties when Germany is excluded from the area aggregate data set. Three main
causes of German stability is specified in Calza and Sousa (2003)* as (1) the
relatively early liberalisation of the financial sector; (2) the stabilising effect of price
stability; and (3) the discouragement of potentially destabilising forms of financial
innovation by the Bundesbank.” The liberalisation of the financial sector is largely

completed in Germany by the beginning of the 1970s.

Litkepohl and Wolters (1999) utilize quarterly, seasonally unadjusted data in their
study for the period 1976 to 1996 for Germany. They build a VEC* model for M3,
GNP, inflation rate and interest rate spread variable to model opportunity costs of
holding money. For the German money demand Wolters, Terasvirta and Litkepohl
(1998); Wolters and Lutkepohl (1997) find a stable equation by modelling real M3

%2 The details of the studies, Gaab and Seitz (1988); Riidel (1989) can be found in Lutkeponhl,
Terasvirta and Wolters (1999) as they are in German.

%3 See Fase and Winder (1998).
% France, Italy, the UK and Germany.

% (Calza and Sousa (2003) is a background study for the evaluation of the ECB’s Monetary Policy
Strategy.

% The details of the methods can be found in Chapter 3.
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on real GNP, GNP deflator, long term interest rate and own rate of M3.%" Unlikely,
Litkepohl, Terasvirta and Wolters (1999) analyze M1 money demand for German

data. Scharnagl (1998) also analyzes the stability of German money demand.

Some of the studies review the literature while the others model money demand.
Knell and Stix (2006) summarize almost 1000 money demand estimations. Other
review studies are Fase (1994), Monticelli and Strauss-Kahn (1993), Sriram (2001),
Bruggeman (1997) and Browne, Fagan and Henry (1997). Sriram (2001) presents an
extensive review study about the demand for money that includes the theory,
literature, functional form and the other studies categorized by their methods,

variables and other determinants.

In the review studies, we can see that there are different monetary aggregates,
namely M1, M2, M3, M4 that are employed according to the country’s financial
system. However, especially M3 is used for the Euro Area due to some properties of
M3 as discussed before. Fagan and Henry (1998) analyze the long-run properties of
Euro wide monetary aggregates, currency, M1 and M3H for 1981:1 to 1994:4. They
compare the dynamics of different money definitions. For M3H money demand, they
estimate a long run stable relationship. They find no cointegrating relationship
between M1, notes and coins and other explanatory variables. Clausen (1998) also
finds stable money demand functions for M1 and M3 for the period 1980-1996.

The European money demand studies especially accumulate around the end of the
1990s. Since then Euro Area money demand becomes an important issue and popular
research area. The Euro Area studies treat the Euro as a single economy.
Econometric analysis covering the entire Euro Area has to be modelled by using
synthetic historical data for the period prior to the establishment of Monetary Union,
before 1999. The historical data is obtained by aggregating the national data. The
studies combine the data set before the period 1999 and after 1999. This synthetic

data cause some aggregation problems that are mentioned in Section 2.4.

The first study®® that uses aggregate demand for money in Euro Area (7 countries,
namely Belgium, Denmark, France, Germany, Ireland, Italy and the Netherlands) is

¥ (R-r); represents the opportunity costs of holding M3 rather than longer term bonds.
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the study of Kremers and Lane (1990). Actually, the group of the countries which are
included in the analysis varies according to the data availability. They express a
stable relationship between money demand, inflation, interest rates and the exchange

rates of Euro/Dollar for narrow money (M1) including period 1979:1-1984:4.

Not aggregating but comparing 10 Euro Area countries, Arnold and Roelands (2010)
model money demand using panel data for the period 1999 to 2008. They include the
wealth variable to estimate the money demand, that the most significant wealth
variable is housing prices. Hamori and Hamori (2008) also model M1, M2 and M3
monetary aggregates in a panel analysis framework for 1999-2006 period including
eleven EU countries (Austria, Belgium, Finland, France, Germany, Ireland, Italy,
Luxembourg, Netherlands, Portugal, and Spain). They establish stability for all M1,
M2 and M3 monetary aggregates.

Marcellino, Stock and Watson (2003) compare country level and aggregate data set
for eleven EMU countries over the period 1982-1997. They use fifty variables of
monthly data of EMU countries (excluding Greece) to forecast Euro Area aggregates
by employing two different forecasting approaches that one of them uses pooled
country-specific forecasts while the other one uses aggregate variables. Their
findings imply better fit of the pooled and multivariate models forecasts than the
forecasts from univariate models and aggregate series. Fair (1987) estimate money
demand for 27 countries. They compare the estimations and find structural instability
before and after 1973.

To avoid the aggregation problems, some studies do not use aggregated data set for
the Euro Area. For instance, Briiggemann and Lutkepohl (2006) use German data set
for proxy of Euro Area data before 1999 period. They combine quarterly German
data set till 1998 period and Euro Area data for 1999-2002 period. A stable long-run
money demand relation is found for the full sample period. They extend the German
sample by EMU series and find that stability properties and other dynamics are the

same.

% Bekx andTullio (1987) estimate a model of the demand for nominal money that includes the price
level, real GNP, long-term interest rates and exchange rate to capture the effect of currency
substitution (Kremers and Lane, 1990).
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In the literature, most of the European money demand studies analyze the stability of
the model. Coenen and Vega (2001), Brand and Cassola (2000), Hahn and Mdller
(2000), Calza, Gerdesmeier and Levy (2001), Golinelli and Pastorello (2002) and
Kontolemis (2002) find a stable M3 monetary aggregate. Hayo (1999) and Funke
(2001) find both money demand definition (M1 and M3) stable. Bruggeman (2000)
finds stability in EMU-wide money demand.

Fagan and Henry (1998) analyze three monetary aggregates (Currency, M1 and
M3H). They use 14 EU countries except Luxembourg due to the data availability
problem. They apply Hansen’s (1992) three stability tests for M3H and find a stable
long run relation and also a cointegrating relationship between real M3H and real
income. There is no cointegrating relationship between M1 and other variables. Hayo
(1999)%* estimates a European money demand for narrow (M1) and broad (M3)
money for 10 EMU countries*® from 1964 to 1994 annually. He finds a stable money

demand for Euro used both restricted and unrestricted VAR analysis.

Golinelli and Pastorello (2002) model the demand for M3 in the Euro Area for period
1980:3 to 1997:4. The comparison of all studies show that area wide money demand
IS more smooth and less subject to shocks than single country ones. They also find
weak exogeneity in output and interest rate.

Bruggeman, Donati and Warne (2003) investigate the stability of the demand for
Euro Area M3. Mainly they point out three issues, the aggregation method for the
scale variables and the interest rates; the measurement of the own rate of return of
M3 and the analysis of parameter constancy. They find a stable long run relationship
between money and output for the period of 1981-2001. Their estimates are robust

for the aggregation method and the sample.

Coenen and Vega (2001) analyze the Euro Area M3 money demand. They find

cointegrating and stable relationships in the variables. Filosa (1995) investigates the

%9 | am grateful to Prof. Bernd Hayo for kindly providing his dataset.
0 Germany, France, Netherlands, Belgium, Ireland, Austria, Finland, Italy, Spain Portugal.
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stability of money demand for the period 1980-1992 in Six European Countries.*!
The money demand in the six countries is found to be stable and economically well-
behaved. Yildirim (2003) investigate currency substitution in the five EU countries,
which could bring instability in national money demand functions while an EU-wide
money demand function could be more stable. In the paper, 5 monetary aggregates,
France, Germany, Italy, the Netherlands and the UK are defined and area-wide
aggregated data is obtained. Country based analysis and area wide analysis are
compared. The structures of the estimates are nearly similar, except the Netherlands.
They have all unit income elasticities and homogenous of degree one in prices with

the exception of Germany and the area-wide aggregates.*?

Bruggeman (2000) include four monetary aggregates for EMU countries in his study
such as, M1, M3H, MB and MR.* All monetary aggregates are found to be stable.
The study conclude that there exist a stable demand for narrow money function, both
in the long-run and in the short-run for EMU-11 countries but M1 money aggregate
should not be used as an intermediate target variable of monetary policy. M3H
monetary aggregate can be thought as a target variable and found stable for both
country groups both in the long-run and in the short-run. MB monetary aggregate can
be found stable for long-run in all EU but stable only in the short-run for EMU-11
countries. Thus MB money demand can be target variable for monetary policy.
While, MR money demand shows a stable long-run demand but unstable short-run
demand (from 1992 onwards). Than MR money demand can not be considered as an

intermediate target variable for monetary policy.

As the literature can not identify the stability properties of the money demand
relationship after 2001, there has been a decline in money demand studies. Especially
after 2001, the Euro Area monetary growth exceeds its target (Dreger and Wolters,
2010). This may be the reason for empirical evidence of instability. The instability
might be linked to the introduction of Euro coins and banknotes after 2001. Arnold

* Belgium, France, Germany, ltaly, the Netherlands, The United Kingdom.
*2 Detailed definition and implications of currency substitution can be seen in Yildirim (2003).

*3 Definitions of money demand aggregates are discussed in Section 2.2
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(1994) states that the stability of European money demand is a statistical myth that
when the Euro Area gets larger day by day, the stability seems to be lost.

Recently, there are several studies that try to examine the stability and model
structure of the money demand (See for example, Belke and Czudaj, 2010; Nautz and
Rondorf, 2011; Dreger and Wolters, 2010; Boone and Noord, 2008; Setzer and

Wolff, 2012) especially after the European economic financial crisis, 2007.

However, during the global financial and economic crisis that starts in 2007, the
stability issue gains even more interest (Belke and Czudaj, 2010) and the money
demand studies begin to be more popular again. Dreger and Wolters (2010)
investigate M3 money demand in the Euro Area and identify a stable long run money
demand relationship for the period 1983-2004. Their paper is one of the few studies
that can find stable Euro Area money demand relationship this may be due to the fact
that the European Monetary System is initiated in 1983 and the financial markets of
the member countries are much more integrated since then. There is a strong
indication of cointegrating relation between interest rate and inflation in real money
balances, real income, interest rates and inflation system. Dreger and Wolters (2010)
include long and short term interest rates together in addition to money, annualized
inflation rate and income. As discussed above, Briggemann and Lutkepohl (2006)
employ different data set and they find an evidence of stability. Carstensen (2004)
uses the data from the EMU period and find unstable relationship for M3.

For stability properties of the demand for money, some studies include additional
explanatory variables into the model or try different estimation methods. One of the
most used variables is the wealth as a scale variable. However, using wealth variable
creates complications due to measurement issues. Only a few countries like the
United Kingdom and the United States data exist on aggregate measures of wealth
(Sriram, 2001).

Beyer (2009) includes housing wealth and finds a stable relationship in M3 money
demand for Euro Area for period 1980-2007. The importance of wealth for
modelling money demand is presented in Gerdesmeier (1996). Greiber and Setzer
(2007) include real house prices and housing wealth and obtain stable relationship.
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Beyer (2009) also examines for the effect of housing wealth on money demand. Fase
and Winder (1998) show the effect of wealth on money demand, M2 and M3, over
the period 1971-1995 whereas no effect of wealth on M1 is found for the data of all
present members of the European Union with the exception of Luxembourg. They
find no effect of wealth on M1 but on M2 and M3 there is a substantial effect of
wealth. A demand for M3 is found more stable than the demand for M2 and M1.

Boone and Noord (2008) also include house and share prices in the long run money
demand equation. Greiber and Lemke (2005) impose uncertainty as an additional
variable in their model. Calza, Gerdesmeier and Levy (2001) extend their basic
model with the world oil price index as a proxy of import prices for open economies.

Beside wealth, asset prices are also used. Cassola and Morana (2002) find evidence
that asset prices have important role for monetary policy mechanism in the Euro
Area. They try to find out the relationships between nominal interest rates, inflation,
real output, real M3 and the Euro Area real stock price index by structural VECM. de
Bondt (2009) analyzes the effect of equity and labour markets on money demand.
The study finds a relationship between equity and money demand through wealth
effects. Housing and financial wealth appear to be statistically and economically
significant for Euro Area money demand for the period 1983-2007. The study also
captures the effect of precautionary motive for holding money by the unemployment

rate in the Euro Area.

Almost all of the studies that find stable relationship employ the data of the pre-Euro
period. Studies for EMU period (Carstensen, 2004) report instability. Thus, when
EMU period is included into the analysis, there is not a unique and uncontroversial

answer to the stability question.
The summary of the properties of previous empirical studies of area wide money

demand functions for group of EU countries are summarized in Table 2.3. These

studies are concerned with two issues: the existence of a stable money demand
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function for the Euro Area or a subset of EU countries, and the comparison of the
estimation method of the money demand functions.

Table 2.3 Euro Area Money Demand Studies*

Monetary
Author(s) Sample Aggregates Data Stability Method
Aurtis and Beyer 1983:1-
(2004) 2000:4 M3 EU11 Stable VEC
Belke and Czudaj
(2010) 1980-2009/ M3 Euro Area Unstable/ ARDL
1995-2009 Stable
Beyer (2009) 1980-2007 M3 Euro Area Stable VEC
Boone and Noord 1970:1-
(2008) 2004:4 M3 Euro Area Stable VEC
Brand and Cassola 1980:1-
(2000) 1999:3 M3 Euro Area Stable VEC
1980:1- M1-M3H- EMU-11
Bruggeman (2000) 1994:4 MB-MR  EMU-15 Stable VEC
Bruggeman, Donati
and Warne (2003) 1980-2001 M3 EU11 Stable VEC
Calza, Gerdesmeier 1980:1-
and Levy (2001) 1999:4 M3 Euro Area Stable VEC
1980:1- OLS-
Carstensen (2004) 2003:2 M3 EU11 Unstable FIML
1980:1-
Clausen (1998) 1996:4 M1-M3 E10 Stable VEC
Coenen and Vega 1980:4- ARDL/
(2001) 1998:4 M3 EU11 Stable ECM
Dedola, Gaiotti and
Silipo (2001) 1982-1999 M3 Euro Area Stable ECM
Dreger and Wolters 1983:1-
(2010) 2004:4 M3 Euro Area Stable ECM
Fagan and Henry 1981:1- M1-M3H- Stable(not
(1998) 1994:4 currency EU14 currency) VAR
Fase and Winder 1972:1- M1-M2-
(1998) 1995:4 M3 EU14 Stable VAR
Filosa (1995) 1980-1992 M3 EU6 Stable VEC

* Studies are listed according to the alphabetic and chronological order.
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Table 2.3 (Continued)

1980:1-

Funke (2001) 1998:4 (M1)-M3

Golinelli and 1980:3-

Pastorello (2002) 1997:4 M3

Hahn and Miller 1984:1-

(2000) 1998:2 M3
1964:1-

Hayo (1999) 1994:4 M1-M3
1984:1-

Holtemdller (2004) 2001:4 M3
1974:1-
1987:3/

Johansen and Juselius  1958:1- M2

(1990) 1984:3 M1
1980:1-

Kontolemis (2002) 2001:3 M3

Kremers and Lane 1978:4-

(1990) 1987:4 M1

Setzer and Wolff

(2012) 2001:2008 M3
1973:1-

Wesche (1997a) 1993:4 M3

Wesche (1997b) 1973:3-1993:4 M3
1978:1-

Yildirim (2003) 1993:4 M3

EU 11

Euro Area

EU11

EU11

Euro Area

Denmark
Finland

Euro Area

EU7

EU12

EU3

EU4

EUS

(Un)Stable

Stable

Stable

Stable

Stable

Stable

Stable

Stable

Stable

Stable

Stable

Stable

OLS

ARDL-
VAR

VEC
VAR-
VEC

VEC

VEC

VAR

VEC

OLS

VEC

VEC

VEC

All these findings suggest that, although there appears to be a stable (and stationary)
linear combination between these variables, there is some uncertainty about the
correct or true functional form. Significant amount of work is used in estimating

money demand functions for both developed and developing countries and

increasingly in the Euro Area as discussed in the chapter.

2.5.2 Nonlinear Models

Since 1990s, there are many studies, providing a comparative approach to linearity

and nonlinearity. In this part of the chapter, the existing empirical literature about the
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TAR models and ST(A)R models® on univariate and multivariate models are
discussed.

Threshold autoregressive models have major application area in economics.
Especially macroeconomic time series are modelled by using TAR models namely
output growth, interest rates, prices, exchange rates, unemployment rate and finance

especially stock returns.

One popular application of TAR models in economics is to GNP growth rates.
Beaudry and Koop (1993) is first paper that analyzes the asymmetric effect of GNP.
Potter (1995) estimates the U.S. GNP nonlinearity and finds the asymmetric effects
of shocks over the business cycles by using SETAR model and concludes that
economy is more stable than the Pre-1945 period. Pesaran and Potter (1997) also use
TAR model to show the US GNP nonlinearity. Enders, Falk and Siklos (2007)
estimate US GDP growth and add confidence intervals for the parameter estimates.
They compare different confidence intervals methods and conclude that different
methods lead to different results. Tiao and Tsay (1994) suggest that the U.S. GNP

can be modelled as a SETAR process.

Exchange rate nonlinearity is also commonly analyzed under the framework of TAR
modelling. Obstfeld and Taylor (1997); Sarno, Taylor and Chowdhury (2004)
investigate exchange rate nonlinearity by using TAR models. They employ five
major bilateral US dollar exchange rates to test the validity of the law of one price

and find strong evidence of asymmetries.

The other macroeconomic variable is the unemployment rate. Hansen (1997) shows
the U.S. unemployment rate nonlinearity for the period 1959:1-1996:7. They develop
new methods to show how to test for threshold effects, estimate the threshold
parameter, and formulate asymptotic confidence intervals for the threshold
parameter. Rothman (1998) compares the forecasting performance of nonlinear
autoregression models (six various methods namely “exponential autoregressive
(EAR), generalized autoregressive (GAR), self-exciting threshold autoregressive
(SETAR), smooth transition autoregressive (STAR), bilinear and time-varying

*® The details of the methods can be seen in Chapter 3.
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autoregressive (TVAR) models”)*® for the U.S. unemployment rate and concludes
that nonlinear forecasts dominate the linear ones. The model that gives the best

performance is EAR (exponential autoregressive) process.

As interest rates and prices are important variables for macroeconomic models, there
are many studies analyzing the interest rates and the prices. Tsay (1998) applies
multivariate threshold model for the US monthly interest rates. Chan and Cheung
(2005) apply bivariate threshold autoregressive (BTAR) model for modelling
monthly Australian interest rates. They find asymmetric structure in the interest rates.
In general, the relationship between short and long run interest rates is preferred for
modelling. For this term, multivariate models are chosen such as threshold VECM
for both interest rates and prices. Wu and Chen (2006) apply different types of TAR
specifications to model how price indices are affected from deviations of purchasing
power parity (PPP) for the UK and New Zealand. They conclude that there is
nonlinearity in mean-reverting adjustment toward purchasing power parity which is

found sensitive to price indices.

Applications of TAR models are also very common in finance. Cao and Tsay (1992)
measure the volatility of stock returns in monthly data and find evidence of

nonlinearity in volatilities of large stock returns.

TAR models are also used for forecasting. Chong, He and Hinich (2008) use TAR
model to forecast currency crises using a panel data set of eight Asian countries*’
from 1990 to 2003. They point out the connection between dynamics of reserves and
currency crises. Clements and Smith (1997) compare the number of forecasting
methods for SETAR models according to different assumptions. They analyze US
growth rate and the unemployment rate. Stock and Watson (1999) and van Dijk
(2011) state that forecasting performances of nonlinear models are rather poor. Van

Dijk (2011) explains the possible reasons for ‘forecast failure’ that:

" The structure of these models is “state dependent” in the sense that they are sensitive to the past
behaviour of the process (See Rothman, 1998 for details).

* China, India, Indonesia, Korea, Malaysia, Philippine, Singapore and Thailand.
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a. the nonlinearity may be spurious; b. the nonlinearity may be relevant
for only a small part of the observations; c. the nonlinearity ‘does not
show up’ in the forecast period; d. Nonlinear models may not improve
upon point forecasts, but might render superior interval and density

forecasts.

Threshold models are also developed in multivariate framework and threshold

cointegration models are employed. They are discussed below:

There is a growing literature about threshold cointegration models since multivariate
linear models, VECMs, are so popular for decades. There are different approaches
combining the linear VEC and VAR models with TAR models. Than the obtained
methods are called, threshold VEC (TVEC), Threshold VAR (TVAR), Asymmetric
VAR, nonlinear VAR, threshold cointegration etc. The logic of all studies is to
consider different regimes with sharp changes from one to another.

This growing literature and applications can be viewed in Altissimo and Violante
(1998), Baum and Karasulu (1998), Enders and Granger (1998), Martens, Kofman
and Vorst (1998), Weise (1999), Balke (2000), Enders and Siklos (2001), Escribano
and Mira (2002), Hansen and Seo (2002), Escribano (2003), Atanasova (2003), Seo
(2004), Calza and Sousa (2006), Haug and Tam (2007), Chowdhury and Ham
(2009), Lin and Liang (2010), Sarno (2001), Sarno, Taylor and Peel (2003), Becker,
Osborn and Yildirim (2010), Ocal and Yildirim (2009), Larue, Philippe and Rancourt
(2010).”®* Threshold cointegration models are used in different economic
applications; such as unemployment, money demand, growth, exchange rate,

inflation and finance equations.

Many studies analyze economic growth in nonlinear framework. Esso (2010) models
causality relationship between energy use and growth in five African countries
(Cameroon, Cote d’lvoire, Ghana, Nigeria and South Africa). He finds evidence of
nonlinearity for the period pre-1988 that economic growth has a significant positive
effect on energy use and this effect becomes negative after 1988 in Ghana and South

8 A review of literature can be found in Lo and Zivot (2001).
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Africa. Chowdhury and Ham (2009) examine the relationship between growth and
inflation for Indonesia by taking inflation as a transition variable. Altissimo and
Vilante (1998) apply a bivariate VAR model to output growth and changes in the
unemployment rate for the US economy. They find nonlinearity only in the
unemployment rate equation. Hecq (2009) examines unemployment nonlinearity by
using threshold VAR method for Canada and the US for period 1960Q1-2004Q3.

Nakagawa (2010) analyzes the nonlinearities in real exchange rate by threshold
VECM and uncovers the nonlinear adjustment. Aslanidis and Kouretas (2005) test
for two-regime threshold cointegration in different markets for monthly US dollars in
Greece during the period April 1975-December 1993. They find that the error
correction is effective only in parallel markets for both linear and threshold VECM.
The speed of adjustment is different between two regimes. Sollis and Wohar (2006)
model the relationship of the real exchange rate and real interest rate for 11 countries.
For six of the countries, they find evidence of nonlinear long-run relationship. Al-
Abri and Goodwin (2009) consider threshold cointegration model for effective
nominal exchange rates and import prices for 16 OECD countries. They find
evidence of asymmetry that the responses of import prices to nominal exchange rate
shocks is faster and larger. Wu and Hu (2007) find evidence of nonlinearity for broad

money demand in Taiwan when the exchange rate is included in a nonlinear ECM.

In finance literature, threshold cointegration models are also used. Such as, Shen,
Chen and Chen (2007) consider the asymmetry in Chinese Shanghai and Shenzhen
stock markets by using asymmetric cointegration test; Chung, Ho and Wei (2005)
analyze the relationship between stock prices by two-regime threshold vector error

correction model. Their findings support the nonlinear relationship.

Enders and Siklos (2001) compare the nonlinear threshold cointegration test with
Engle and Granger (1987) linear cointegration test. They show the asymmetry of the
interest rate for the US by using M-TAR type threshold cointegration model®.
Following the method of Enders and Siklos (2001), Ocal and Yildirim (2009) apply

49 For M-TAR model details, see Section 3.3.2.1.
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M-TAR type threshold cointegration method to defence economics. They
characterize the relationship between military expenditures of Turkey and Greece by
nonlinear M-TAR model. They find evidence of asymmetric adjustment between two

countries.

For inflation studies, Caporale and Caporale (2002) examine asymmetric effects of
negative and positive inflationary shocks on inflation uncertainty. Negative
inflationary shocks have greater impact on inflation uncertainty. As the price indices
are affected by purchasing power parity, the study by Heimonen (2006) support
nonlinearity in purchasing power parity for Finland and Sweden by using M-TAR

threshold cointegration.

Nonlinear modelling of interest rate is also quite popular in the literature. Nesmith
and Jones (2008) apply a nonlinear VECM to the interest rates. They find that the
system is linearly cointegrated but cointegration relations show nonlinear dynamics

so the system’s short-run dynamics are nonlinear.

There are also other economic models applying threshold cointegration models. Such
as, Balke (2000) applies threshold VAR (TVAR) for modelling inflation, output
growth, the Fed funds rate and a measure of credit market conditions in the U.S.
financial markets. He finds the asymmetric effects of shocks on output in different

credit regimes.

Following method used by Balke (2000), Calza and Sousa (2006) analyze the
relationship of output and inflation responses with credit shocks in the Euro Area.
They find asymmetric effects of credit shocks in the Euro Area but credit shocks are
found less effective than the US, the reason is probably the features of its banking
sector. Afonso, Baxa and Slavik (2011) analyze financial stability by using threshold
VAR analysis. They also follow the approach used by Balke (2000). They employ
quarterly data set for the period 1980:4-2009:4 for the U.S., the U.K., Germany and
Italy including macro, fiscal and financial variables and investigate the possibility of
nonlinear responses depending on different financial market regimes. Atanasova
(2003) analyzes the asymmetries in the effects of monetary policy on output growth
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by employing threshold VAR (TVAR). There is evidence of asymmetry in the effects
of monetary policy in the credit constrained and unconstrained regimes. In the
literature, nonlinear money demand studies are growing. Gonzalez and Garcia (2006)
analyze the monetary policy in Mexico by nonlinear VAR model that allows for

regime shifts.

For banking sector in the Euro Area, Gambacorta and Rossi (2010) model the
nonlinearities in bank lending by using asymmetric Vector Error Correction Model
(AVECM). While Chong, He and Hinich (2008) use TAR model to forecast currency
crises using a panel data set of eight Asian countries™ from 1990 to 2003. They point
out the connection between dynamics of reserves and currency crises. For the EU
fiscal policies, the stabilization of fiscal policies become the main instrument as
Bajo-Rubio, Diaz-Roldan and Esteve (2006) state. They analyze the nonlinearities in
Spanish fiscal policy. They estimate government expenditures and total government
revenues by using Hansen and Seo (2002) threshold cointegration approach and

obtain significant nonlinear effects.

Enders, Im and Lee (2008) propose a new test for cointegration by using
instrumental variables. The method is applied in a nonlinear Taylor rule in Enders,
Im, Lee and Strazicich (2010). Kwon, Bozdogan and Bensmail (2009) present a new
modelling and model selection criteria for threshold vector autoregressive (TVAR)
models. Pitarakis (2008) obtains a new formulation by using the same framework
with Caner and Hansen (2001). Caner and Hansen (2001) provide a new limit theory
for exploring the presence of threshold effects in autoregressive models with a unit

root.

As nonlinear time series models gain importance in analyzing the relationship among
economic variables for two decades, other nonlinear time series models namely
smooth transition (auto)regressive (ST(A)R) models and Markov Chain models are

also used widely.

%0 China, India, Indonesia, Korea, Malaysia, Philippine, Singapore and Thailand.
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ST(A)R models have smoothness properties that they do not allow sharp changes
between different regimes in the economy. They are especially used for modelling
GDP, consumption, interest rate and money demand. Only some studies examining

money demand in the empirical literature are reviewed in this part of the thesis.

Broadly speaking, Germany that has a vital role for Euro Area economy also has
nonlinearity in the demand for money.** That is a supporting finding for hypothesis
of Euro Area money demand nonlinearity. Lutkepohl, Terasvirta and Wolters (1999)
analyze German M1 money demand by applying nonlinear error correction model
with smooth transition. Using seasonally unadjusted data from 1961-1990, they find
a stable and linear relationship. However, after 1990 period (due to the German
unification), the data shows evidence of unstability and nonlinearity. As the German
data is included into the model as a proxy for the Euro Area data set in some studies
(Briiggeman and Lutkepohl, 2006), the nonlinearity of German data will affect the

nonlinearity properties of Euro Area data.

Besides Euro Area, other European countries are heavily influenced by German
monetary policy, for example, Italy and Spain. Ordonez (2003) estimates nonlinear
dynamics for broad money in Spain in the period 1978-1998 by applying ESTR
model. They find instabilities in the short run and such instabilities can be due to
nonlinear adjustment of real balances. Sarno (1999) examines nonlinear dynamics in
the demand for money in ltaly for the period 1861-1991 annually by employing
nonlinear ECM based on ESTR model. The model gives more significant estimates

other than alternative specifications.

The demand for money in the US and UK also show evidence of nonlinearity.
Rothman, van Dijk and Franses (2001) model multivariate case of STAR analysis.
They report the nonlinear relationship between money and output by applying
logistic smooth transition VECM (LSTVECM) for the U.S. They suggest that money
does not nonlinearly granger cause of output. Weise’s (1999) paper is similar to

Rothman, van Dijk and Franses’ (2001) paper. Weise (1999) shows the asymmetric

>! See Chapter 2, for German money demand studies and importance of Germany for the Euro Area.
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effects of monetary policy by employing logistic smooth transition VAR (LSTVAR)
analysis for the US. Weise’s (1999) study is a reference study for STVEC model
(Rahman and Serletis (2010) and Telatar and Hasanov (2006) also apply Weise
(1999) method). They find asymmetric effects on monetary shocks for the U.S. and
Turkey.

Chen and Wu (2005) examine the nonlinearity in money demand (M1 and M2) for
the US and UK by using exponential STAR model in a univariate framework. They
find evidence of nonlinearity in money demand series and they report that nonlinear
models always provide a better fit than linear models. Haug and Tam (2007) study
U.S. money demand nonlinearity for money demand definitions of MO, M1 and M2
in a single equation ESTR and LSTR framework for the long period of data from
1869-1999. Their estimates show asymmetry in post-war period after 1946. They
find that linear specification of MO provides a better fit to post-war US data than M1.
The linear MO model also passes all diagnostic tests. Unlike MO and M1 models, for
the post-war period, M2 does not give a significant money demand specification.
Sarno, Taylor and Peel (2003) also estimate nonlinear equilibrium® correction model
for the US demand of money, by using exponential smooth transition regression
(ESTR) with the lagged equilibrium error correction term as the threshold variable
(in a multivariate framework). They find nonlinear model to be superior to linear

model.

Khadaroo (2003) analyzes UK MO money demand nonlinearity by applying
Exponential Smooth Transition Regression (ESTR) model for 1970-1997 period.
They find that interest rates changes are important factor to explain fluctuations in
the model of the demand for UK My. Choi and Saikkonen (2004) employ
cointegrated smooth transition model. They employ a new method to UK M4 money
demand for the period 1982-1998 and they find evidence of nonlinearity in the UK

money demand function.

°2 From 1998, the term “equilibrium correction” has begun to be used in the literature instead of ‘error
correction’ (Clements and Hendry, 1998). Since equilibrium correction term presents the idea of the
adjustment in the model quit well, Sarno, Taylor and Peel (2003) use this term.
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Lee, Chen and Chang (2007) model money demand nonlinearity for G-7 countries™
by cointegrating STR methodology of Choi and Saikkonen (2004). They find non-
linear cointegrating relationship. By using same approach, they examine the
nonlinearity of long-run money demand for Taiwan. Their findings support the
evidence of nonlinearity. Huang, Lin and Cheng (2001) also analyze the money
demand for Taiwan. They employ logistic smooth transition error correction model.
Their findings support the nonlinearity hypothesis for Taiwan money demand
relationship. Nakashima (2009) employ cointegrating smooth transition model by
Choi and Saikkonen (2004). He finds evidence of nonlinearity in Japanese money
demand. Choi and Saikkonen (2010) model US money demand (M1) using smooth
transition cointegrating relation for the sample 1959Q1-2000Q4.

Error correction models based on STAR framework (STAR-ECM or STECM) are
originally proposed by Terasvirta and Anderson (1992) and developed more recently
by Van Dijk, Terasvirta and Franses (2002). Rahman and Serletis (2010) examine the
asymmetry in oil price and monetary policy developments by applying logistic
smooth transition VAR (LSTVAR) model for the U.S. They conclude that the price
of oil and monetary policy shocks have asymmetric effects on macroeconomic
activity in the US. Terasvirta and Eliason (2001) apply nonlinear Error Correction
Model as a STR type specification. They reestimate Ericsson, Hendry and Prestwich
(1997) money demand model for the UK. Their model is nonlinear and performs an

improvement performance.

For a comparison study, see Terasvirta, van Dijk and Medeiros (2005). They
compare linear models, STAR models and neural network® models. They find
evidence of nonlinearity in 47 monthly macroeconomic variables for G7 economies
that STAR models generally outperform linear AR models. Potter (1999) reviews
three basic models, TAR, STAR and Markov Switching models.

>3 Canada, France, Germany, Italy, Japan, UK and USA.

> The artificial neural network models are not included; see for details White (1989). For an
application, see Andreou, Pavlides and Karytinos (2000) and Terasvirta, van Dijk and Medeiros
(2005). For TAR-cointegration neural network model (TAR-VEC-NN), see Bildirici, Alp and Ersin
(2010).
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Table 2.4 Nonlinear Money Demand Studies™

Monetary
Author(s) Sample Aggregates Data Method
Chen and Wu (2005) 1960:1-1999:1 M1-M2 UK-US ESTAR
Markov-
Calza and Zaghini Euro Switching
(2006) 1971:4-2003:3 M1 Area ECM
Choi and Saikkonen cointegrating
(2010) 1959:1-2000:4 M1 us STR
Dreger and Wolters Euro
(2010) 1983:1-2004:4 M3 Area TAR
Markov-
Gonzalez and Garcia Monetary switching
(2006) 1993:9-2005:2 policy Mexico VAR
1869(1900)-1999 MO-(M1)-
Haug and Tam (2007) (annual) M2 us STR
Khadaroo (2003) 1970:4-1997:2 MO UK ESTR
Lutkepohl, Terasvirta
and Wolters (1999) 1961-1990 M1 Germany STEC
cointegrating
Nakashima (2009) 1980:1-2001:1 M1 Japan STR
Ordonez (2003) 1978-1998 M3 Spain ESTR
Rothman, van Dijk and
Franses (2001) 1959:1-1999:12 M2 us STVEC
1861-1991
Sarno (1999) (annual) M1 Italy ESTR
Sarno, Taylor and Peel 1869-1997
(2003) (annual) M1 us ESTR
Telatar and Hasanov
(2006) 1990-2004 M1 Turkey STVEC
Terasvirta and Eliason
(2001) 1878-1993w M3 UK STR
Weise (1999) 1960:2-1995:2 M1 uUs STVAR
Wu and Hu (2007) 1962:1-2003:4 M2 Taiwan STR

> Studies are listed according to the chronological and alphabetic order.
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The review of the previous nonlinear literature about the demand for money is
detailed above and summarized in Table 2.4. This review includes the data set,
methods, periods and monetary aggregates of the studies in Table 2.4. Therefore,
there is a lack of the nonlinear studies about the demand for money especially on
Euro Area and multivariate framework. That is why, this study aims to fill the
existent gap in the literature and model the Euro Area money demand in nonlinear
framework by MTAR threshold cointegration approach for 1980-2010 period.

2.6 Conclusion

For monetary policies and policy makers, a stable or at least predictable relationship
between money demand, output, inflation and interest rates is important. However,
this role of the monetary aggregates on monetary policies begins to decline after
2000s. With the European economic crisis after 2007, emphasis of the monetary
aggregates relationship for the economy has started to become popular again. As
discussed in the literature, the growth in the monetary aggregates and their
relationship manage the economy. Some studies compare the Asian and European
countries’ economies and conclude that as the monetary aggregates have positive
trend after 2007, the economies is not in a recession in Asia in contrast to Europe and
US. Also stated in the literature that, in general monetary policies dominate the fiscal
policies in the economies. Recently, the European economic crisis jump to other
Euro Area countries. In order to end the economic crisis, monetary policies should be
emphasized more.

In this chapter, we survey literature on the determinants of the money demand, which
plays important role in money demand analysis, and decide the determinants to
employ in our modelling procedure in the following chapters. The existing studies
are analyzed for the Euro Area and other countries in linear and nonlinear
framework.

After the introduction of Euro coins and banknotes in 2001, only a few studies can
find a stable relationship by including additional explanatory variables or trying

different estimation methods. This poor results can be attributed to data and model
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related issues but also adherence to linearity almost in all studies.

The recent time series literature shows an important development in nonlinear
adjustment mechanism. Much of the impetus for this interest may come from a large
number of studies showing that key macroeconomic variables such as real GDP,
unemployment, interest rates and exchange rates display asymmetries adjustment

over the course of business cycle.

According to the nonlinear literature, the findings can be summarized in two
remarkable points. Firstly, the determinants of the money demand; interest rates,
growth and inflation may have nonlinear pattern. Secondly, some of the important
Euro Area countries (that manage the Euro Area economy, such as Germany) have
nonlinear money demand relationship. These findings support the hypothesis that the

Euro Area money demand may have nonlinear relationship.
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CHAPTER 3

TIME SERIES MODELS

3.1 Introduction

Recent literature has witnessed a growing interest in use of both linear and nonlinear
time series models in modelling economic relationships. As far as linear modelling is
concerned, vector autoregression and vector error correction specifications have been
used intensively in applied literature. The employment of the model is implicitly

based on the assumption that data generating mechanism is symmetric.

This chapter discusses the linear and nonlinear time series models on which the
empirical analyses in following chapters are based. More specifically, vector
autoregression models, linear and nonlinear threshold vector error correction models
are discussed. Threshold models can be used in various fields of study. Economics is
only one of them. Some other examples can be seen in Tong (1983) such as radio
engineering, marine engineering, steam engine, oceanography, population biology,

hydrology and medical engineering.

The plan of the chapter is as follows. In Section 3.2, linear time series models that
are employed in this thesis, Vector autoregressive (VAR) and Vector error correction
(VEC) models are briefly summarized. Nonlinear time series models, especially
Threshold autoregressive (TAR) models are reviewed in Section 3.3 within the

context of this thesis. Section 3.4 concludes the chapter.
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3.2 Linear Time Series Models

3.2.1 Vector Autoregressive (VAR) and Vector Error Correction (VEC) Models

In this part of the study, VAR models and the link between VAR models and
cointegration analysis are discussed. VARs are used primarily in macroeconomics
following the seminar paper of Sims (1980). It also appears in the microeconometrics
literature (Chamberlain, 1980).°° The model with cointegrating relationship is first
used by Granger (1983). The general link between the concept of cointegration and
error correction model, cointegrating VAR model is first established by Engle and
Granger (1987). Gaussian approach based on maximum likelihood is developed by
Johansen (1995) and his co-authors in a series of papers such as Johansen and
Juselius (1990); Johansen (1988, 1991).> It is argued by the authors (Sims, 1980;
Litterman, 1986) that VARs model would forecast better than the other structural
equation models (Greene, 2003).

Several dynamic relationships can be captured using single equation time series
models. However, when there are simultaneous relationships, single equation models
are insufficient. In practice, many studies using contemporary time series research
employ multi-equation models.®® VAR model is the multivariate type of a single
equation autoregressive model (Davidson and MacKinnon, 2004). The nature of the

VAR is such that all endogenous variables are jointly determined.

A pth order vector autoregression, referred as a VAR(p) model is expressed in
Hamilton (1994) and Davidson and MacKinnon (2004) as:

p
Yo=a+) ¢Y. +& (3.1)
j=1

*® For a brief discussion, see Greene (2003).
> See for details, Warne (2006).
%8 For detailed explanations of VAR models, See Enders (2010), Chapter 5; Hamilton (1994);

Davidson and MacKinnon (2004); Litkepohl (2005).
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where Yy is an (1xn) vector of variables and denotes the t™ observation on a set of n
variables in equation (3.1), a denotes a (1xn) vector of constant terms and ¢); an
(nxn) matrix of autoregressive coefficients for j=1,2,......... p. The (1xn) vector &, is

a white noise series:

E(g) =0 (3.2)
0 fort=rt
E =
(&) {0 otherwise

with 2 an (nxn) symmetric positive definite matrix. Thus, a vector autoregression is a
system in which each variable is regressed on a constant, p lag of its own and p lag of
the other variables in the VAR.

If ys denotes i element of Y, and ¢, ,; denotes the ki element of ¢, , then the i"

column of (3.1) can be written as (Davidson and MacKinnon, 2004):

P m
Yi =& +Zz¢j,ki Yiojx T 6 (3.3)

=
Thus, VAR model has the form of a multivariate linear regression model as follows:

Y, =0X,+¢g, & ~11.d.N(0,QQ) (3.4)
where

Xe=[1 Y, . Yt—p] and 5,E[a¢1¢2¢3"’¢p] (3.5)

The row vector X; has k =np+1 elements, and the matrix 6 denotes [kxn] matrix.
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If the disturbances are normally distributed, then least squares estimators are both the
efficient Generalized Least Squares (GLS) estimator and the maximum likelihood

estimator.> The sample log likelihood function is given as:

loge = Z’{=1 log fytlyt—l,Yt_z,...,Y_p+1 (yt |yt—1' Ve—2s s y—p+1; 9) (36)

= ( 2)10g(27‘[)+(T>log|.Q H—(3 )Z (Yt SXt)-Q Y(ye — 6X))

where X, is a [(np+1)x1] vector containing a constant term, deterministic
conditioning variables and p lags of each of the elements of y. Maximum likelihood
estimation of & gives the estimated coefficient vector from an OLS regression of yj

on p lags of all variables and dummy variables.

First consider the Maximum likelihood estimator (MLE) of &:

ElEm]Ee] on

The j" row of &' is:

b b

t=1

Thus, the MLE of the coefficients for the j™ equation of a VAR are found by OLS
regression yj: (Hamilton, 1994).

After the MLE of §; the MLE of Q at the estimate of 8°° can be obtained by
maximizing the log likelihood function (3.6), Log(Q,§). The maximum value of

equation (3.3) gives likelihood ratio test. Thus, consider:

Log(Q,3) = —( )log(Zﬂ) +( )logIQ H—(= )Zt 10 (3.8)

> Davidson and MacKinnon (2004)
8 \Where ~ denotes the maximum likelihood estimate.
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The main objective of this derivation is to obtain a symmetric positive definite matrix
Q for which the equation (3.6) is large as possible. After the maximization with
respect to the elements of Q, the value of Q that maximizes the likelihood among

the class of all symmetric positive definite matrices is given by:
~ T ’
Q=IT)D> &4 (3.9)
t=1

After the MLEs of both 6 and Q, likelihood ratio tests can be performed.

Substituting the & in egn. (3.9) into (3.6), we obtain
Log(Q,3) = — (T g) log(2m) + (g) log|~t| - (%n) (3.10)

This makes likelihood ratio (LR) test simple to perform. When specifying a VAR, it
is important to determine how many lags to be included. It can be computed using
the LR statistic. Then the null hypothesis of VAR model with py lags against the
alternative specification p;>po lags is tested. To estimate the system under the null
hypothesis, a set of n OLS regressions of each variable in the system on a constant
term and on po lags of all the variables in the system is performed. The variance
covariance matrix, &, under the null and alternative hypothesis, Q, and &, is used
to perform the test. The maximum value for the log likelihood under the null
hypothesis of po lags is given by Lg; while similarly, the maximum log likelihood

under the alternative hypothesis (p; lag) is then £;. LR statistic is®":
(L5 — £§) = T{log|Q| — log|Q4 [} (3.11)

The statistics calculated by the log likelihood ratio has an asymptotically >
distribution with n?(p.-po) degrees of freedom. The determination of the lag length is
an important issue to restrict the number of variables in the VAR system, since each
equation has the same explanatory variables. If a system of five variables is

considered and four lags on each variable are imposed. Then each equation has 21

%1 Hamilton (1994).
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parameters (including the intercept) to be estimated and thus would be 84 parameters
to be estimated overall. This overparametrization is one of the major problems with
VAR models especially for small samples (Madala and Lahiri, 2009). Likelihood
ratio test statistic (LR), Akaike (AIC), Schwarz (SIC) and Hannan-Quinn (HQ)
information criteria are used in determining lag length®®. The Akaike information
criterion (AIC) (Akaike, 1973) is defined as:

AIC(m) = log|Q] _I_sz (3.12)

The Schwarz criterion (SIC) (also called Bayesian information criterion (BIC);
Schwarz (1978)) is defined as:

SIC(m) = log|a| + m £ (3.13)
and the Hannan-Quinn (HQ) criterion (Hannan and Quinn, 1979) is defined as:
HQ(m) = log| Q)| + 2m “ELEDD (3.14)

where m is the number of the coefficients in the model. For each criterion, one

selects the order p that gives the min value, such that Information criteria,
AIC(p)= ming<;<po AIC (i), Where pq is a prespecified positive integer.

As can be seen in Lutkepohl (2005, p.327), in a VEC model, based on SIC and HQ
no lagged differences may appear. Especially the lag order of AIC gives the highest
order than HQ and SIC, SIC chooses the lowest order and HQ is in between SIC and
AIC. Therefore, the HQ and SIC criteria are both consistent. Comparing the orders
selected by the three criteria, p(AIC), p(HQ) and p(SC), the following relations can
be obtained although the sample is small of fixed size T > 16 (see Lutkepohl, 2005,
p.135-155):

p(SC) < p(HQ) < p(AIC) (3.15)

%2 See for detailed description Liitkepohl (2005).
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The presumption that the disturbances &, are stationary white noise series is only true
when the variables are integrated. An (nx1) vector time series, y; , is said to be
cointegrated if each of the series is 1(1) individually (nonstationary with a unit root),
while the linear combination of the series is stationary, 1(0). The concept of
cointegration is introduced by Engle and Granger (1987). Cointegration refers to
linear combination of nonstationary variables. Since the linear combination y,; —
b1Y2e — P2V3: = e, IS stationary, then it can be said that y, = (V1¢, Vor, V3e)' 1S
cointegrated with the cointegrating vector (1,—¢¢, —¢®,, —¢3). Cointegrating
relationship in money demand equation is one of the necessities of a stable money
demand model. As stated in Dreger and Wolters (2010) most of the studies can not
find evidence of stability, as there is no evidence of cointegrating relationships in the
model.

Recent empirical studies of money demand usually employ cointegration and error
correction analysis to estimate short-run and long-run dynamics. Since the Engle-
Granger modelling approach assumes there can only be one cointegrating relation,
this may cause misleading results. However, if there are more than two variables,
there may be more than one cointegrating relationship. Johansen method enables to
find out the number of cointegration vectors and select the optimal one. Therefore,
Johansen (1995) method is employed in this study. Johansen (1995) suggests
employing unconstrained vector autoregression method by estimating all
cointegrating relationships among a set of variables.

Cointegration implies a set of testable restrictions on the coefficients in the model.
When the variables are cointegrated, the error correction term has to be included in
the VAR model then the model becomes Vector Error Correction Model (VECM). In

general representation of n variable VECM:®®

p-1
AY, =D, +T1Y,, + Y T\ A, +¢ (3.16)
i=1

%3 See Johansen (1991), pp. 1552; Johansen (1992), pp. 390; Johansen (2000), pp. 362; Johansen and
Juselius (1990), pp. 170 for details.
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Where TT=af', a and £ are nxr matrices that r < n. 8 is a matrix of cointegrating

vector while n is the number of variables and r is the number of cointegrating
relations (cointegrating rank), moreover each column of S is a cointegrating vector
and « is the adjustment matrix. The deterministic dummies, D; can be a constant, a
linear term, seasonal dummies or other deterministic terms. the &; are i.i.d. N,,(0, Q).
If all elements of ITequal zero, than equation (3.16) is a traditional VAR in first
differences. If the variables are nonstationary at 1(1) level and cointegrated, CI(1), it
gurantees that an error-correction model exists. A cointegrated system can be viewed
as a restricted form of a general VAR model. An error correction model can capture
short run behaviour while the cointegrating regression describes long-run

relationships.

Since the VEC models allow modelling endogenous variables and imposing the
restrictions, it is widely used and preferred in economic literature (restrictions within
the context of money demand function are discussed in Chapter 4). Because
cointegration implies certain restrictions on the VAR representation and enables the
researcher to test some economic hypothesis. It can be seen in the review of the
money demand studies in Chapter 2 that almost all of the studies prefer VEC model
to analyze money demand relationship and other macroeconomic variables. The
economic literature posits that, VEC models have a vital role in modelling the
demand for money (Examples of the money demand studies can be seen in Hendry,
1995; Yildirim, 2003; Litkepohl and Wolters, 1999; Calza, Gerdesmeier and Levy,
2001; Berument and Tasg1, 2002; Cassola and Morana, 2002 and many others as
given in Table 2.3 in Section 2.5).

Some of the studies employ a single-equation error correction representation of the
money demand model (Coenen and Vega, 2001) while the others model the demand
for money within a system of equations (Brand and Cassola, 2000; Calza,
Gerdesmeier and Levy, 2001; Hendry, 1995). Belke and Robert Czudaj (2010)
compare single equation methods (ARDL)** with Cointegrated VAR methods. They

can find stability in single equation models. The system estimation is more flexible

® See for details of Autoregressive distributed lag model (ARDL), Pesaran, Shin and Smith (1999).
The model has the advantage thatit does not require all variables to be 1(1) as the Johansen framework.
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to uncover the long-run relationships among monetary and financial variables. Calza,
Gerdesmeier and Levy (2001) argue that the demand for M3 in the Euro Area should
be modelled using a system of equations rather than in a single-equation framework.
It is therefore that most of the empirical literature prefers system specification in

modelling money demand.

3.2.2 Unit Root Test

In order to observe the economic and stability properties of the European money
demand, a four equation VAR model is considered. Before applying the framework
and carrying out a forecasting procedure, the relevant data is required to be tested for
presence of stationarity. Linear stationary can be tested by using the Augmented
Dickey-Fuller (ADF) test, Kwiatkowski, Phillips, Schmidt and Shin (KPSS) test and
Phillips and Perron test. The Unit Root Test results can be seen in Chapter 4, Table
4.1.

ADF and Phillips-Perron tests assume unit root (nonstationary) under the null
hypothesis while the KPSS test assumes stationarity. The ADF test procedure can be
outlined as follows:

First, consider following simple long-run regression model:
Y, =a+ X, +¢& (3.17)

where &, is white noise error term. To test for nonstationary of Y,, consider the

following model:

p
AYi =ay+pY, + ZﬂiAYt—Hl +U, (3.18)
i—2

where A is the difference operator, p is the number of lags of the dependent variable

and u, is the i.i.d. disturbance term with mean zero, u, ~i.i.d.(0,5?). Lag order p in
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ADF test can be selected by using Information Criteria such as Schwarz Information
Criterion (SIC), Akaike Information Criterion (AIC) and Hannan-Quinn Criterion®,

In Unit Root Test Results in Table 4.1, lag orders in the ADF tests are selected by
SIC. Generally speaking, they can be selected commonly by SIC or AIC in empirical

studies. Note that, test results are also hold when the lag orders are chosen by AIC.

The procedure is testing a null hypothesis of unit root against an alternative of

stationary.

H, : p, =0, series contains unit root (nonstationary)
H, : p, <0, series is stationary

The ADF test is the most commonly used unit root test. The models in unit root tests
can include both trend and intercept or only intercept. In this study, all results for
levels verify significantly nonstationary that only the models with intercept are

presented in Table 4.1 in Chapter 4.

To sum up, modelling cycle of Linear VEC Model can be outlined as follows:

I. Select relevant variables for your model, form the system of y, vector according to

the relevant economic framework or theory.

I. Test for unit roots to ensure that all the variables in y, vector are integrated of

order one. This can be mainly checked by ADF test.

I11. Determine the order (p) of the VAR model by using model selection criteria,
such as Akaike Information Criterion, Schwarz Bayesian Information Criterion, LR

tests or Hannan-Quinn Criterion.

IV. Decide the deterministic components, such as dummies of the underlying VAR

and check for the diagnostics of test results.

% The formulas of the information criteria are given in Section 3.2.1 briefly.
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V. Determine the cointegration rank and estimation. The trace and maximum

eigenvalue tests proposed by Johansen (1995) can determine the cointegration rank.

V1. Identify the cointegrating relationships. Impose the identifying restrictions which
are determined by economic theory on cointegrating relations in order to have unique

cointegrating vectors.

VII. Estimate VEC model to have the long-run relationship of the variables. Than,
Parsimonious VAR model is estimated to enhance its interpretability and reduce its
sample dependence (Hendry, 1995). The short-run parameters are presented
according to Full Information Maximum Likelihood (FIML) estimates. Finally, all

model diagnostic statistics are checked.

VIII. Next step, to examine the stability properties of the model, CUSUM and
CUSUMSAQ tests are applied (Enders, 2010).

IX. Last step of linear modelling cycle is to analyze impulse response functions
(IRFs) to examine the dynamic effects. IRFs present short and medium-run effects of

a shock on a given variable on all other variables in the cointegrated system.

3.3 Nonlinear Time Series Models

This part of the study presents one of the popular nonlinear time series models,®®
threshold autoregressive (TAR) and threshold cointegration models which are
employed in this study.

Brief literature on nonlinear studies can be seen in Chapter 2, which smooth
transition (auto)regression (ST(A)R) models®’ are used commonly in empirical

money demand studies.

% They are all about continuous time series, for modelling discrete, binary time series see Tagore and
Sutradhar (2009).

7 STAR models are developed by Chan and Tong (1986a) as an extended version of TAR models.
The details of STAR models can be found in Granger and Terasvirta (1993) and Terasvirta (1994,
19964, 1996b, 1998). A two-regime STAR model STAR (2; p, p) is given by
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3.3.1 Threshold Autoregressive (TAR) Model

TAR models are first introduced by Tong (1977b) and discussed in Tong (1978). The
details can be found in Tong (1983, 1990), Tong and Lim (1980), Chan and Tong
(1990), Tsay (1989, 1991). Tsay (1989) presents a simple widely applicable
procedure for TAR models.

TAR models reveal the asymmetries in linear Autoregressive (AR)® and
Autoregressive Moving Average (ARMA) Models. Actually if ARMA model
contains nonlinearity than it is called TARMA (Threshold Autoregressive Moving
Average) model means ARMA model with more than one regime (Tong and Lim,
1980). Unlike linear AR models, TAR models can capture asymmetric dynamics.
Tong and Lim (1980) show that the class of TAR models can capture limit cycles in

the modelling of business cycle asymmetries.

A two regime Self-Exciting Threshold Autoregressive (SETAR) (2; p, d) model

takes the form:
p p
Yo =1, {ao + Zai Yioi } +(1-1,) {ﬂo + Zﬂ. Yii } + & (3.19)
i=1 i=1
where I,.(.) is an indicator function such that:

t

Ly 4>7
0,y 4 <7 (3.20)

where p denotes the AR order, d is the threshold lag and positive integer (called the

delay parameter by Tong), and 7 denotes threshold value that takes the value of

p p
Ye =00+ 291i Yei [920 + Zem Y :|F(Y) + &
i=1 i=1

where &, ~i.i.d.(0,57) and F(y) is the transition function between regimes 1 and 2. The transition
function (F(y)) can be exponential function or logistic function.

%8 See Enders (2010) for linear time series models (AR, ARMA and MA).
63



—oo < T < oo, The parameters ¢; are the autoregressive slope when y, , >z, and f,
are the slopes when y, , <7. I is an indicator function or dummy variable that takes

the value of 1 if y, , is above the threshold and takes the value of O if y, , is below

the threshold.

Y. 4 IS the transition variable which can be chosen from inside or outside of the

model, such as the own lagged values of Y, , another regressor or linear combination
of different variables. In eqgn. (3.19), transition variable is chosen as own lagged
values of y,, that explains why the model is called Self-Exciting Threshold

Autoregressive (SETAR) model.

The equation (3.19) can be extended to k threshold form SETAR (k; p, d) where k is
the number of regimes separated by k-1 nontrivial thresholds r; in equation (3.21)

below.
. P . . .

yo=ad + > ey +e if y ,eR), =1k (3.21)
i=1

where R are given thresholds which divide the real line R! into k regimes. Actually,
TAR model allows for a number of different regimes with separate order AR(p)
process in each regime. Although Y; is linear in each regime, the possibility of
regime switching implies that the entire sequence is nonlinear and therefore TAR
model can be said to be a piecewise linear autoregressive model. Since it follows a
linear pattern, an appropriate estimation method is ordinary least squares (OLS).

Three estimation approaches in TAR models are suggested in the literature namely
Tsay’s (1989) and Chan’s (1993) methods and Hansen’s (1997) procedure.

The specification of the delay parameter, threshold variable and lag order plays a key

role in TAR modelling process.

Chan (1993) and Tsay (1989) methods to test and estimate TAR models are based on

the arranged autoregression and can be outlined as follows:
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1. Determine the order of autoregression, p, of AR(p) model using AIC, SIC,
PACF or LM test.

2. Assume that 1<d<p, in other words each lagged variable can be transition
variable. Ascendingly, order the transition variable and other variables with
respect to ordered transition variable to keep the original dynamic
relationship among variables.

3. Chan (1993) suggests the estimation of TAR model for each value of
transition variable and comparing the estimated model with the linear one
employing likelihood ratio test. If TAR model is selected then create a graph
of sum of squared residuals of the estimated TAR models. If there is one
(two) threshold(s) there will be one (two) through(s) in the graph showing the
threshold value(s). The process produces a switching regression at the
threshold and can easily be estimated by OLS.

4. Tsay (1989) proposes recursive estimation method both for testing and
modelling TAR model for arranged data. First, estimate a TAR model buy
using a small subsample of the data set and compute the predictive residual
with its standard error and save estimated coefficients and their t-ratios. Use
recursive least square method to update the least square estimates by adding a
new observation and re-estimating the model. Again, compute the predictive
residual with its standard error and save estimated coefficients and their t-
ratios. Apply this procedure until all observations are used up. Than, regress
standardized predictive residuals on regressors and use F test to test the null
hypothesis that the coefficients of all regressors are equal to zero. Because
predictive residuals must have no correlations with regressors if there is no
model change in the arranged autoregression. This test avoids nuisance
parameter problem that may be encountered in LR test and is suggested to be
applied for all possible transition variables. To locate the threshold value, use
the scatter plot of standardized predictive residuals versus transition variable
Y.q as the predictive residuals are biased at the threshold, if there is any, and
so uncover the location of threshold. Moreover, if a coefficient is significant
and show no change then corresponding t-ratio gradually and smoothly
converges to a fixed value as the recursion continues, so scatter plot of t-
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ratios of recursive estimates of an AR coefficient versus Y4 could also show
the location of the threshold and whether the relevant variable is subject to
regime change or not.

5. After determining the transition variable and threshold value, the estimation
turn out to be estimation of a switching regression model and OLS can be

used.

Hansen (1997) argues that when the null hypothesis of linearity is tested against a
TAR alternative, conventional tests have nonstandard distributions, as the threshold
parameter is unidentified under the null hypothesis. He also points out that sampling

distributions of threshold estimate is a problem. His procedure is as follows,

1. Carry out a grid search for all possible threshold values to find the best TAR
and save its variance.

2. Estimate the linear model and keep its variance

3. Use F test to compare the two models by using the F table values derived

from bootstrapping process.

Both Chan’s and TSAY’s approach are used in applying Enders and Granger (1998)

model in this thesis.

3.3.2 Threshold Cointegration Models

Threshold cointegration techniques allow modelling cointegrated systems in a
multivariate nonlinear framework. Asymmetry in cointegrated models is first
introduced by Balke and Fomby (1997) and it is called threshold cointegration to
combine nonlinearity and cointegration. A two-regime vector error correction model

can be written as (Hansen and Seo, 2002):

AY, :{Al'Ytl(ﬂ)+gt if z,(8)<r, (3.22)

AY (B +e if z..(B)>1
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where Y, be a p-dimensional 1(1) time series which is cointegrated with one px1

cointegrating vector S. Let z, (,B)= S’ denote the 1(0) error-correction term. 7 is

the threshold parameter and the threshold effect is in the error correction term, the

regressor Y.1(P) is [(p+2)x1] vector such as:

1
z.,(B)

AYiy (3.23)
Y (B) =] AV,

| Moo |

The equation (3.22) can be also written as

Ay, =AY (B)dy (B, 1) + AY L (B)dy (B.7) + 4 (3.24)

where

dlt (ﬂ’ T) = I(Zt—l(IB) < T),
d, (B,7)=1(z,,(B) > 7)

I(.) denotes the indicator function. Threshold model in (3.24) has two regimes and

allows all coefficients (except the cointegrating vector ) to switch between these
two regimes, the coefficient matrices A1 and A2 govern the dynamics in these
regimes (Hansen and Seo, 2002).

When the cointegrating vector is known, Balke and Fomby (1997) suggest the
application of the univariate tests of Hansen (1996) and Tsay (1989) to the error

correction term (the cointegrating residual). Balke and Fomby provide a theory for
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known cointegrating vector. Lo and Zivot (2001) extend Balke and Fomby (1997)
approach to a multivariate threshold cointegration model with a known cointegrating
vector, using the tests of Tsay (1998) and multivariate extensions of Hansen (1996).
Balke and Fomby (1997) focus on univariate estimation and testing methods while
Hansen and Seo (2002) test for the complete multivariate threshold model. Hansen
and Seo (2002) also extend this literature by examining the case of unknown

cointegrating vector.

Hansen and Seo (2002) test the null hypothesis of a linear cointegration against an
alternative of a threshold cointegration by using LM statistics. LM statistic is
preferred, as it does not require the distribution theory for the parameter estimates of
the unrestricted model like the Wald or the likelihood-ratio tests. Their method

involves a joint grid search over the threshold and the cointegrating vector.

3.3.2.1 M-TAR Type Threshold Cointegration

Enders and Granger (1998) propose a unit root test against an alternative of
stationary with asymmetric adjustment and introduce the momentum threshold
autoregressive (M-TAR) model. Following Enders and Granger’s (1998) study,
Enders and Siklos (2001), Enders and Dibooglu (2001) and Ocal and Yildirim (2009)
employ this technique and show the evidence of asymmetric long-run relationship in

their analysis.

The general M-TAR type threshold cointegration model can be written as:

P n
Ay, =a+ ZZIB]iAYt—i +poléa+pA-1)E,+V, (3.25)

i=L j=1

where the Heaviside indicator function is as follows:
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(3.26)

t

LAE 27
0,Aé , <7

7 is the threshold value, v, ~i.i.d.(0,6%), &_, denotes the I(0) error correction term,

p, and p, give the speed of adjustment coefficients for two regimes, p is the lag

order of the model and n is the number of regressors, where Y4 is (1xn) vector of
1(1) variables. The threshold value can be estimated by Chan (1993) method, see for
details of the method in Section 3.3.1. To be more specific, if threshold variable,

Aé,, is ascendingly ordered and M-TAR models are estimated for each threshold

value and sum of squared residuals (SSR) are obtained. The threshold value that

gives the minimum SSR presents the consistent estimation of the threshold value.

The threshold specification within the framework of money demand considered in

this study can be given as follows:

A(m —p)¢ = Por + Z?:l Prid(m —p)e—; + Zle ¥1;Agdpe—; + Z?=1 81i0%pe_; +

2?:1 Y1lR;_; + th€=1 Dt + P&+ P L=1)E , + vor (3.27)

Agdp, = Boz + Xh_y Boild(m — p) e + X0 92iAgdp,_i + XF_, 82i0%p,_; +

2?:1 VziARg—i + thc=1 Dt + pllltét—l +,012(1— It)ét—l + Ve

A?p, = Boz + X0y Baib(m — D) e—i + X0 93;Agdp,—; + XF_, 83;0%p,_; +

Z?:l V3iAR§—i + thczl Dt + pzlltét—l +,022(1_ It)ét—l + vyt

AR®; = Bos + Z?:l PaiD(m —p)e_; + 21;1 UyiAgdpe—; + 25;1 54iA2pt—i +

Z?:l YaiAR:_; + thc=1 Dt + pauliéy +ppA=1)é, + s,

where D, captures the seasonal and other types of the dummies, k denotes the

number of the dummies. The indicator function is as given in eqgn. (3.26).
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Equation system in (3.27) implies an asymmetric adjustment in the long run in each
equation though constant coefficients are presumed in the short run across the

distinct regimes.

There are other three types of the Heaviside indicator function in (3.26) that are
discussed in Enders and Granger (1998). First one is called TAR models with

indicator function such as:
l, = Léy2 (3.28)
t 0,8 < '

The equation (3.27) with indicator function (3.28) assumes the long-run equilibrium

point around &, =0. However, the long-run equilibrium may be around a threshold

value, and should be estimated using Chan (1993) method to have consistency and
model is called consistent TAR model.

t

l1é,27
0,6 ,<r7 (3.29)

The model (3.27) with indicator function (3.29) gives the consistent TAR model.

As the economic series usually have unexpected shocks, taking the first difference of
threshold variable helps to capture the possibility of asymmetrically “sharp”

movements in the series. Then, the indicator function takes the form of:

(3.30)

t

LAE 20
0,A¢,, <0

The indicator function (3.30) is preferred when the adjustment is asymmetric with

the series present more ‘momentum’ in one direction than the other. That is why the
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model (3.27) with the indicator function (3.30) is called momentum threshold
autoregressive (M-TAR) models.

As pointed out in Enders and Granger (1998), Enders and Siklos (2001) and Ocal and
Yildirirm (2009), the momentum model can be used to represent Sichel’s (1993)
notion of ‘sharpness’. Sichel (1993) discusses the ‘sharp’ versus ‘deep’ cycles called
‘steepness asymmetry’. In ‘deepness’ asymmetry, the troughs are sharp while peaks
are relatively rounder. However, in steepness asymmetry, the falls are rapid while the

increases are slow (Ocal and Yildirim, 2009).

This momentum property of TAR models enables to characterize the deepness-type
asymmetry described in Sichel (1993). For economic data that sharp changes occur
with high probability and hence Momentum-TAR model can capture the asymmetric
dynamics in the economy. Equation system (3.27) with indicator function egn. (3.26)
delivers Momentum Threshold VEC model. We also consider this model and obtain

satisfactory results which are discussed in Chapter 5.

3.3.3 Nonlinear Impulse Response Functions

After having found asymmetry in money demand function, it is important to
characterise the dynamics in nonlinear framework. In contrast to the linear models,
nonlinear impulse responses are history dependent and magnitude of the shock can
change the time profile of the responses. Hence, different shocks hitting the system
in expansion or recession do not have symmetric responses. Potter (2000)
investigates the univariate case of impulse responses by extending standard linear
IRFs to nonlinear case by defining GIRFs.%® While Koop, Pesaran and Potter (1996)

develop multivariate case.

Impulse response functions (IRF) that measure the effect of an exogenous shock (&)
on the conditional expectation of Y. is as follows:

% For example studies; See Beaudry and Koop (1993), Calza and Sousa (2006), Balke (2000) and
Becker, Osborn and Yildirim (2010).
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E |:Yt+k | Q6 ]1-E[Y,, | Qt—l] (3.31)

where 2,_; is the information set (history variables) at time t-1, &, denotes the
exogenous shocks. As examined in detail in Koop, Pesaran and Potter (1996) and
Balke and Chang (1995), the effect of a single exogenous shock is examined at a
time that &, = (0, ...0,&.,0...0) where ¢! is a shock to the i™ exogenous variable.
The model is not linear in the shocks, than the impulse response function for the
nonlinear model is not simple depending on the entire past history of the variables
and the size and direction of the shock. Then nonlinear impulse responses require the

nature of the shock (size and sign) and the initial condition (2;_4).

Hence, the expected value of Y. for the threshold model is not linear in the €’s, the
conditional ~ expectations for impulse responses, E[Y;,rl|2:-1,€t] and
E[Y;41|0:_1]must be calculated by simulation methods. For each vector of random
shocks, ¢ 1, the model is also calculated for shock — € . This shows any asymmetry
in the model. This bases on simulation approach and resulting averages gives the
conditional expectation. The response of a variable following a shock must be

compared against a baseline ‘no shock’ scenario.

Modelling cycle of generalized impulse response functions (GIRF) followed by
Koop, Pesaran and Potter (1996) and represented in Atanasova (2003) as follows:

m dimensional variable Y is assumed to be known. The shock to the i variable of Y,
occurs in period 0 and responses for | periods after that period. The shock is a one or
two standard deviation shock. In nonlinear impulse responses, GIRF must be

calculated by simulating the model:

1. Pick a history of ™ initial values, 2/_;, where r=1,2,........ ,R. The history is
the actual value of the lagged endogenous variables at a particular date.

2. Pick a sequence of (m- dimensional) shocks, &?,,, k=0,...1 and b=1,2,...,B.
The shocks are choosen from the estimated residuals. The shocks are
assumed to be jointly distributed.

3. Using the parameters, QI_, and &2,;, the model is simulated over I+1

periods. Obtain the model Y, (27_,, 2,;) for k=0,1,....1.
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4. Substitute g;, for the ip element of €2, , and simulate the model Y., over I+1
periods. Denote the resulting model Y., (&, 271, €2, ) for k=0,1,....
5. Repeat steps 2 to 4 B times.

6. Repeat steps 1 to 5 R times and compute average impulse response function

as Vi (€i0) = [Yern(€io Q0—1, €8i) — Yerr (QF-1, €241)1/BR.

3.4 Conclusion

In this chapter, methodological approaches that are employed in this study are
presented. The empirical comparison of two methods is based on linear and nonlinear
framework. Firstly, this study analyzes European money demand on linear
framework. VAR modelling together with cointegration analysis investigates both
short-run and long-run dynamics of the system. A brief modelling cycle for linear

estimations is given.

Secondly, empirical analysis investigates European money demand on nonlinear
framework. In this context, Threshold Cointegration model is presented. More
specifically, MTAR type threshold cointegration model is given. MTAR type
threshold cointegration models can capture asymmetric dynamics, such that the
series exhibits more momentum in one direction than the other does. As stated in
previous nonlinear literature Chapter 2, it is concluded that the Euro Area money
demand may have nonlinear relationship. Therefore, Threshold Cointegration model
is applied in Chapter 5 and Smooth Transition VECM application is a future research

of this thesis.
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CHAPTER 4

RESULTS OF VAR and VECM APPLICATIONS: LINEAR MODELS

4.1 Introduction

Time series models are commonly used in analyzing the relationships among
economic variables. A popular one is the analysis of money demand function. We
employ both linear and nonlinear models to investigate the structure of money
demand function for the Euro Area. This chapter provides the empirical results of
linear modelling. More specifically, well known VAR and VEC modelling approach

have been used to examine the Euro Area money demand function.

Empirical results show that there is a stable relationship among the variables.
However, short run estimates of GDP in money demand equation has positive sign
but it is insignificant. These conflicting results may be due to nonlinearity which is

observed and presented in Chapter 5.

The plan of the chapter is as follows. Section 4.2 considers the variables and the data
set. Section 4.3 presents VAR model estimation. Unit root tests and lag selection
criteria are given in this section. Cointegration analysis and VEC model estimations
are analyzed in Section 4.4 and 4.5. Section 4.6 presents stability tests. Impulse
response analysis investigates the dynamic properties of the model in Section 4.7.
Conclusion in Section 4.8 completes the chapter. Supplementary tables are provided
at the end of the thesis.
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4.2 Modelling the Money Demand

Monetary policy and its effect on income, inflation and interest rate is one of the
most popular research areas in economics. Monetary aggregates have a significant
role in monetary policy strategies of the European Central Bank and for European
Monetary Union (EMU) countries.

In the literature, scale and opportunity cost variables, such as real GDP, inflation
rate and interest rates (long run and short run), are generally employed as
explanatory variables in estimating the demand for money (Brand and Cassola, 2000;
Hendry and Ericsson, 1991b; Yildirim, 1997; Hendry, 1995)"°. Some of the studies
include additional variables like the spreads (the difference between the long run
interest rates and short run interest rates and the difference between the interest rates
on Treasury bills (RB) and the net interest rates on time deposits (RT") and on repos
(RR™),”* wealth and exchange rates. This section offers a brief overview of variable

selection process and introduces the data.

4.2.1 The Choice of Variables

The most important issue before estimating the model is selection of the variables.
Most of the studies in the literature (see Browne, Fagan and Henry, 1997; Goldfeld
and Sichel, 1990; Fase, 1993; Filosa, 1995; Sriram, 2001 and Yildirim, 2003) model
money demand by employing interest rates, inflation rate and real GDP.

Lutkepohl and Wolters (1999) state that in the presence of adjustment costs and
nominal variables, inflation should enter the long run relation to obtain real balances,

even if it is not important for nominal balances.” Inflation and long-term interest

70 See literature review of money demand in Chapter 2.
1 ST=RB-RT" and SR=RB-RR"
72 See Wolters, Terasvirta and Lutkepohl (1998) for detailed discussion.
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rates are close substitutes to each other, and therefore some studies” do not include
inflation rate as a measure of the opportunity cost of holding money as they include
long-term interest rates. Because the long-term interest rate and inflation may have
similar explanatory content on money demand. Hence, including only one of the

variables, inflation rate or long-term interest rate may be enough.

There are various discussions about including inflation rate. According to Coenen
and Vega (2001), inflation rate permits a reparametrization of the models in terms of
real money holdings and inflation rate. Such reparametrization allows for the
theoretically plausible hypothesis of long-run price homogeneity of money demand
but does not impose any untested (and frequently empirically rejected) common
factor restriction of short-run price homogeneity. Including inflation rate also helps
system to be stationary when there are cointegrated variables at higher order. For

instance, when the money stock and the price level are cointegrated of order 2, 1(2),
the real money demand (m-p) is 1 (1) (Coenen and Vega, 2001). In addition, inflation

rate is an important determinant of constant parameter money demand equation
system. It represents the opportunity cost of holding money rather than real assets
(Ericsson, 1999). Lastly, it is argued by Coenen and Vega (2001) that the inclusion
or exclusion of inflation in models of real money demand is an issue of dynamic

specification to be settled at the empirical level.

Some studies include an exchange rate variable to capture currency substitution
effect’® between the European currencies and the US dollar. But, since foreign-
currency-denominated deposits are included in M3 monetary definition, the effect of
pure currency substitution is assimilated (Bruggeman, 2000). Therefore, exchange

rate is not included in the analysis in this thesis.

There are some studies that employ additional explanatory variables such as equity

and labour markets indicators (Bondt, 2009); equity (Friedman, 1988); real wealth

7 See Brand and Cassola (2000); Dedola, Gaiotti and Silipo (2001); Golinelli and Pastorello (2002);
Calza, Gerdesmeier and Levy (2001).

™ In Yildirim (2003), it is defined as “Currency substitution implies that individuals in each country
allocate their total holdings of money across several countries’ currencies, including their domestic
currency”.
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and unemployment rate (Beyer, 2009); wealth effect indicator (Boone and Noord,
2008). Bruggeman, Donati and Warne (2003) include stock prices into money
demand model. Fase and Winder (1998) model wealth and demand for money.
However, due to the lack of reliable data for wealth for the Euro Area, including
wealth variable as a determinant of the money demand is not preferred (Coenen and
Vega, 2001). Several studies” by ECB staff obtain stable broad money demand
function of GDP, inflation and interest rates. Thus, the vector of variables in the joint

density can be represented as’®:

(m¢ — pe, 9dpe, Ape, Ry) (4.1)

A standard model is (see Goldfeld, 1973 and Hendry, 1995):
M = f(I,P,R) (4.2

where M® denotes money demand, P is the price level”’, I is a scale variable and R is
the interest rates, representing the net opportunity costs of holding money against

alternative interest-bearing assets.

Referring the most of the studies on money demand namely, Metin (1994, 1995);
Yildirim (1997); Golinelli and Pastorello (2002); Ericsson, Hendry and Prestwich,
(1997) our model is formed follows:

d
B =f(LPR 43)

d
In equation (4.3), MT is the real money demand, P denotes the percentage change

in the price level, 1 denotes the real GDP, R is the interest rates (short-term (R®)

" See for example, Coenen and Vega (2001), Brand and Cassola (2000) and Calza, Gerdesmeier and
Levy (2001).

"® In Hendry (1995).

" For price level variable, consumer price index (CPI), producer price index (PPI) or GDP deflator
can be used according to the availability of the data.
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denotes 3-month interbank rate or long-term (RY) denotes yields on 10-year
government bonds). There are three aggregate interest rates namely interbank
overnight rate, 3-month interbank rate and the government bond. Government bonds
are widely used as long term interest rates for the analysis as recommended in Poole
(1988) and discussed in Yildirim (1997). Coenen and Vega (2001) and Calza,
Gerdesmeier and Levy (2001) use the spread variable (the difference between short
and long run interest rates). In fact, Laidler (1971) shows that there is no systematic
difference between long and short run interest rates in explaining money demand.
The relationship between short run and long run interest rates is studied by Enders
and Granger (1998), Enders and Siklos (2001) and Balke and Fomby (1997). Due to
the existence of a possible relationship between short run and long run interest rates,
only short run interest rates are included in the model in this study to avoid the

multicollinearity problem’.

After determining all variables for money demand model, the equation can be
rewritten in logarithms (lowercase variables denote the logarithms), than a log linear

specification is adopted for (4.3):

d

m®, — p, = a+ Agdp, + 'R’ +5Ap, +U, (4.4)
Where Ap denotes inflation rate, inflation rate is calculated as annual percentage
change in the prices”, u, is an error term with u, ~ N(0,52) . To show in real terms,

d
(m—p), is used which denotes In(NFI)—‘), gdp, denotes IN(RGDP,), The original

t

interest rate series is involved since it is already in percentage form.

Theories differ about the anticipated value of the long-run income elasticity g, which

takes the value 0.5 in Baumol and Tobin’s transaction demand theory and takes the

"8 In contrast, Holtemdller (2004) uses both short run and long run interest rates in the model.
™ As defined in the ECB that “the inflation rate is calculated using the change in the latest available
12-month average of the price index over the previous 12-month average.” Many studies measure the

inflation rate as ‘year-on-year changes’ in the prices (Vasicek, 2012).

78



value 1 according to Friedman’s quantity theory of money, thus the long-run income
elasticity is expected positive in the economic literature.?’ The expected signs of the
interest rates depend on the kind of the returns, such that, if the returns are relative to
own rates of money, v is predicted to be positive, y>0; but if the returns are relative
to financial assets, vy is predicted as negative, y<0, in this case short run and long run
interest rates are expected to be negatively related with money demand. Finally, for
the inflation rate, o is predicted as negative, 0<0, because goods are alternative to
money. If the =0, equation (4.4) assumes long run price homogeneity of money
(Cushman, 2002; Golinelli and Pastorello, 2002).

As Hendry (1995, p.580) states that the determinants of money demand are essential
to modelling observed money holdings, but the ‘money supply’ is also involved.
Also in macroeconomic models, an observed money stock (set by policy makers) is
equated to money demand. When the money stock is fixed or the supply M°® is

‘exogenous’, the equation yields:

M% = MS = f(I,P,R) (4.5)

4.2.2 The Data

To analyze the area-wide studies, aggregated data sets are needed. If the aggregated
data does not exist, there are two ways for obtaining the data. One of them is to
aggregate variables by using each country’s data set. This method has some
drawbacks and there is no unique aggregating method in the literature,®* each method
can lead to different results. The other one is extending or using the data sets of other
studies. Bosker (2006) shows that aggregation method can have a substantial impact

on the parameter estimates for the Euro Area data.

8 Hendry (1995).
81 See Chapter 2, Section 2.4.
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This study employs quarterly data for Euro Area over the period 1980:Q1 to
2010:Q4. Because of handicaps of aggregation methods®, some studies®™ use the
data set from other reference studies. These reference studies are Coenen and Vega
(2001); Brand and Cassola (2000) and Calza, Gerdesmeier and Levy (2001). In this
study, the short term interest rate is obtained from the study by Brand and Cassola
(2000) till 1994:01; Seasonally adjusted real GDP data is obtained from the study by
Brand and Cassola (2000) till 1996:04; ECB and IFS (International Financial
Statistics database by IMF) databases are used to extend these data sets till the end of
the period, 2010:04. M3 and long-term interest rates are available in IFS database for
1980-2010 periods. For price variables, producer price index (PPI) is preferred® and
obtained from the ECB database for the 1980-2010 periods.

Because none of the variables is deseasonalized, seasonal dummy variables are
included into the model. They are significant and kept in the model. We do not prefer
to use seasonally adjusted data set since seasonal adjustment procedures may be
particularly problematic for series with structural shifts (Briiggemann and Lutkepohl,
2006).

4.2.3 Graphs of the Series

The graphs of the logarithms of monetary aggregates (M1, M2 and M3) and other

variables are presented in the Figures 4.1 and 4.2.

82 Different aggregation methods lead to different results see for example Artis and Beyer (2004) and
Dreger and Wolters (2010).

8 Euro Area data set provided by Brand and Cassola (2000) is used in Holtemdller (2004) and
Kontolemis (2002), while Carstensen (2004) uses the data set of Calza, Gerdesmeier and Levy (2001).

8 Producer price index (PPI) is chosen because they are nearly similar with consumer price index
(CPI) and there is no data availability problem for PPI for the full period 1980-2010.
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Figure 4.1 Logarithms of Monetary Aggregates
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The graphs of the monetary aggregates in Figure 4.1 might provide additional
information about the series. Figures show strong upward trend for the whole periods

for both levels and real values.
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Figure 4.2 Graphs of Other Variables

Figure 4.2 presents the graphs of the determinants of the demand for money. The
graphs of long run interest rates and short run interest rates show negative trend
while the graphs of real GDP and prices show positive trend, with fluctuation during
the economic periods.

4.3 VAR Model Estimates

The results of the unit root tests® namely Augmented Dickey Fuller (ADF) test,
Phillips-Perron test and KPSS test are presented in Table 4.1. The ADF test can not
reject the null hypothesis of the presence of a unit root in all series (except inflation
rate). According to Phillips-Perron test, nonstationary hypothesis can not be rejected
for all variables. For KPSS test, the null hypothesis of stationary can be rejected at
5% level for all variables while the null is rejected at 10% level only for inflation
rate. In Table 4.1, the test results conclude that the series are found to be

nonstationary, at 1(1) level. Although ADF test results for inflation rate do not
support nonstationary, the inflation rate is assumed to be stationary at 1(1) level, as

Phillips-Perron and KPSS tests verify. The mixed results may be due to the time

period of this study; with a longer data period it is more likely to have an 1(1) series.

8 The details of the unit root tests are discussed briefly in Chapter 3, Section 3.2.2.
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Table 4.1 Unit Root Test Results

1(0) 1 (D)
Augmented  Phillips- Augmented Phillips-
Dickey Fuller  Perron KPSS Dickey Fuller Perron KPSS
Test (ADF) Test Test Test (ADF) Test Test
Variables p value p value  test stat p value p value test stat
(m-p) 0.7577 0.905°  1.324 0.0001 0.000 0.094
GDP 0.665 0.79" 1.319 0.000 0.000 0.162
R® 0577 07417  1.202 0.000 0.000 0.0429
R' 0.636 0.773°  1.225 0.000 0.000 0.057
Ap 0.0086 0.0947°  0.433" 0.0037 0.002 0.152

* denotes nonstationary series.

To conclude, the real M3, GDP, inflation, long-term and short-term interest rates are
integrated of order 1, 1(1), implying that they are all nonstationary, which is a pre-
condition for the cointegration analysis. The first differences of all variables are
presented in the graphs in Figure 4.3. These graphs do not only show the stationarity
of the variables after differencing but are useful to detect the outliers visually. From
Figure 4.3, it can be seen that the real monetary balances A(m— p) and interest rates

may include outliers.
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Figure 4. 3 First Differences of the Series

Global economic crisis in the last months of 2008 seems to have affected the Euro
Area seriously, as can be seen from the graphs of the first differences above in Figure
4.3. For GDP, inflation and interest rates, the fluctuations begin from the last months

of 2008 and last for 2 quarters. A dummy variable which takes value of 1 for the
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periods 2008:4 and 2009:1 is found significant for the model and the diagnostics of

the model.

As it is reported by Hendry and Ericsson (1991b) that step dummy can be used for
some special events. Step dummy takes value of 0 for all periods before a particular
event and value of 1 after that period. Hendry and Ericsson (1989) include also
seasonal dummies that takes the value of 1 for first quarter, O otherwise and same for
other quarters. Because of the data are extended from 1994, it is possible to observe
break points. In order to see if there is a structural change in time series data, Chow
test is employed. When performing Chow tests, break points are taken as 1994:1 for
short-term interest rates and 1996:4 for GDP. Chow test results provide no statistical
evidence of structural change in these dates. Therefore, step dummies are not

included in to the model.

After establishing the stationarity properties of all variables, the VAR model is

estimated. The vector of variables is:

((m-p):, gdpy, Apy, RY) (4.6)

Estimation is carried over 1980:1-2010:4, yielding 120 observations. The first step of
modelling is the determination of lag length. For quarterly variables, in the literature,
the modelling begins from lag length 12. Than the lag length, providing the

minimum information criteria is chosen.®®

The results of sequential modified LR test statistic (LR), Schwarz (SC), Akaike

(AIC) and Hannan-Quinn (HQ) Information Criteria can be seen in Table 4.2.

8 The brief description about ‘Information Criteria’ can be found in Section 3.2.
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Table 4.2 Lag Selection

Model Lag LR AlC SIC HQ
1 0 NA -18.062 -17.770 -17.944
2 1 116.721 -18.896 -18.213 -18.619
3 2 33.820 -18.946 -17.872 -18.511
4 3 61.941 -19.303 -17.839 -18.709
5 4 124.316 -20.366 -18.511*  -19.613*
6 5 23.105 -20.341 -18.095 -19.430
7 6 10.376 -20.176 -17.540 -19.106
8 7 12.930 -20.049 -17.022 -18.821
9 8 50.430 -20.424 -17.007 -19.038
10 9 36.457* -20.642*  -16.834 -19.098
11 10 16.313 -20.594 -16.396 -18.891
12 11 15.551 -20.549 -15.960 -18.687
13 12 17.808 -20.557 -15.578 -18.537

*denotes the min value

In Table 4.2 Schwarz and Hannan-Quinn criteria have a minimum value for model 5
with lag length 4. LR and Akaike criteria have a minimum for model 10 with lag
length 9. A four lag model is chosen for SIC, while nine lag model is chosen
according to the AIC. After comparing the models for the diagnostics®” and the
coefficients, four-lag model is preferred. In addition, larger lags are not preferred to
avoid data loss and not to decrease degrees of freedom. Lag reduction tests (in Table
4.3) suggest that four lags are significant, so no reduction is needed.

Table 4.3 Lag Length Dynamics

(m-p) gdp Ap R® joint
2 9.283 8.814 36.683 22.113 70.233
[ 0.054]" [0.066] "  [2.09e-07]"  [0.0002] [ 9.09e-09]"
Z 3.976 3.767 7.451 5.724 23.137
[ 0.409] [ 0.438] [0.113] [ 0.2207] [ 0.1101]
X5 13.599 1.061 16.120 6.132 26.001
[ 0.008]" [ 0.9004] [ 0.002]" [ 0.189] [ 0.054]"
X 103.521 3.492 33.504 2.639 281.786
[ 0.000]" [0.479]  [9.42e-07]" [ 0.619] [ 0.000]"

Note: Numbers in [] are p-values. * and ** denotes significance at 1% and 10% level.

8 Model diagnostics denote autocorrelation, normality tests, heteroscedasticity tests.
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The residuals are obtained from VAR analysis. By analysing the residual graphs, the
outliers can be cleared by including corresponding dummies. Than VAR model is
estimated with dummies to improve the diagnostics. The reestimated model with

dummies can be seen in Appendix Table Al.1.

Table 4.4 Diagnostic Test Results

(m-p) gdp Ap R VAR
é 0.0095 0.0046 0.0069 0.439
R? 0.764 0.372 0.739 0.304
Far (3) 12.62
(0.70)
Xt 404.91
(0.5615)
X 3.43
(0.49)
x5 11.89
(0.018)
x 0.028 4.863 2.899 29.88 13.209
(0.98) (0.088) (0.235) (0.00) (0.0531)

Note: p-values are given in parenthesis.

Table 4.4 presents diagnostic test results of the unrestricted VAR model, namely, &
denotes equation residual standard deviation; F,(.) denotes F test for the hypotheses
of no serial correlation against serial autocorrelation up to order 4 (F4); no

heteroscedasticity (Fne) and a chi-square test for normality (denoted szfj for

skewness, Xﬁlé for kurtosis, X121]d for Jarque-Bera test).

As can be seen in Table 4.4, for serial correlation LM test, null hypothesis of no
serial correlation can not be rejected at 5% significance level (p=0.70). Standard
errors of the variables are also included in Table 4.4. According to heteroscedasticity
test, the null hypothesis of no heteroscedasticity can not be rejected at 5%
significance level (p=0.5615). Following normality test results, skewness and Jarque-

Bera tests can not reject the null hypothesis of normality (Ho: Residuals are
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multivariate normal) at 5% significance level, kurtosis test can not reject the null at
1% significance level. Therefore, normality tests indicate that there is no normality
problem and additionally diagnostics show there is no autocorrelation and

heteroscedasticity problem.

Table 4.5 Residual Correlation Matrix for VAR (4)

(m-p)  gdp Ap R®
(m-p)  1.000 - - -
gdp  0.025 1.000 - -
Ap -0.613 0.055  1.000 -
R -0.082 0132  0.227 1.000

Referring to Table 4.5, correlation signs of the residual correlation matrix are as
expected in the literature that, real money demand and real GDP have positive
relationship, real money demand and inflation have negative relationship while real

money demand and interest rates have also negative relationship.

4.4 Cointegration Analysis

The concept of cointegration is first proposed in Granger (1981, 1983), Granger and
Weiss (1983) and developed in Engle and Granger (1987); Johansen (1995).
Cointegration implies the existence of a dynamic error-correction form of the
variables in the model. We prefer Johansen’s (1995) approach as it allows a selection
of cointegrating vector in contrast to Engle and Granger type cointegration analysis

which assumes only one cointegrating vector.

After specification of an adequate VAR model, cointegration analysis in the four
equation system is carried out. The result of cointegration analysis is presented in
Table 4.6. In Table 4.6, A denotes the eigenvalues, Max and Tr denote the
corresponding maximum eigenvalue and trace statistics. The Johansen (1995)
cointegration test statistics indicate that there is one cointegrating vector between real

money demand, real GDP, inflation rate and short run interest rates.
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Table 4.6 Cointegration Analysis

No. of CE(S) None 1 2 3

A 0.196 0.113  0.068  0.030
Max 25.975" 14306  8.404  3.625
Tr 52.311" 26.336  12.029  3.625

Unrestricted Adjustment Coefficients ( a):

(m-p) 0.001 -0.002  -0.002  0.000
gdp -0.002 0.000  0.000  0.000
Ap -0.001 0002  0.000  0.000
R -0.085 0032 0001  0.060

Unrestricted Cointegrating Coefficients

(m-p) gdp Ap R’

-23.692 63.789 -34.390 0.660
17.429 -28.835 -4.776 0.278
18.434 -36.848 54.032 0.118
-11.225 23.017 35.443 -0.376

*denotes rejection of the hypothesis at the 5% level, **denotes rejection of
the hypothesis at the 10% level.

Trace test shows that there is one cointegrating vector at the 0.05 significance level
indicating that there is one stationary relationship between the four non stationary

variables of the system.

Overall, the number of cointegrating vectors is specified, our results imply that a
VECM analysis can be conducted. Table 4.6 also presents the adjustment
coefficients, which can be interpreted as the weights with which the cointegration
vectors enter the four equation system. They represent the average speed of
adjustment towards the estimated equilibrium state, such that a small coefficient

indicates a slow adjustment.
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4.5 VECM Estimates

Economic theory and econometric methodology suggest that there are three specific
restrictions, which should be applied in the money demand model (Hendry, 1995,
p.598). These are weak exogeneity of the variables, unit income elasticity, equal
effects from the inflation and the interest rates. In this part of the thesis, VEC model
is estimated to model the short run and long run dynamics of the money demand
system. In specifying VECMs, the lag order, the cointegration rank and possible
restriction should be determined (Litkepohl, 2005).

The first one of the restrictions is that income, inflation and interest rates should be
weakly exogenous for the parameters of money demand function.?® The second
restriction is about the income elasticity of the demand for money. The last
restriction is that price homogeneity. Weak exogeneity requires that the cointegrating
vector does not appear in short-run equations of (gdp, Ap, R®) indicating that,

income, inflation and interest rates do not react to disequilibriums in real money.

The restrictions are integrated into the model as economic theory suggests and
imposed on the adjustment coefficients and cointegrating vector matrices, o and 3

respectively. There are three restrictions such as:

A.L. First restriction is about the weak exogeneity of interest rates, GDP and inflation

rate. The restrictions are applied such that:

o, 1
oy, 0
o= , Hoi: op1= o= 0a41=0, F =
Q3 0
ay, 0

8 The concept of weak exogeneity is first developed in seminal paper by Engle, Hendry and Richard
(1983).
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The resulting test statistic is y* =3.16 and p value: 0.368. This indicates that the

weak exogeneity of GDP, inflation rate and interest rate can not be rejected at 5%
level.
The individual weak exogeneity tests are also applied for real GDP, inflation rate and

interest rate. Weak exogeneity of real GDP is tested such as:

Hoz: 02:=0,
The resulting test statistic is y* =0.501 and p value: 0.479. This indicates that the

individually weak exogeneity of real GDP can not be rejected at 1% level.

For testing the weak exogeneity of inflation rate:

Ho1: 03:=0,
The resulting test statistic is y° =2.448 and p value: 0.118. This indicates that the

individually weak exogeneity of inflation rate can not be rejected at 1% level.

For the last individual weak exogeneity test:

Ho1: a41=0,
The resulting test statistic is y° =0.816 and p value: 0.366. This indicates that the

individually weak exogeneity of interest rate can not be rejected at 1% level.

B. Second restriction is that income has unit elasticity in the cointegrating vector.

This is a restriction on cointegrating vector (about ) and formulated as

Ho2: P21=-Pu1 ﬂ,:[ﬂll B Ba 1341]
1
-1
D, =
0
0
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The resulting test statistic is y* =5.88 and p value: 0.015. This indicates that unit

elasticity of income can be rejected at 5% level. Income does not have unit elasticity.

C. Third restriction is that inflation rate and interest rate have the same coefficient.

To test this restriction, the following restriction is imposed:
Hos: fis = i

The resulting test statistic is > =5.45 and p value: 0.020. This hypothesis can be

rejected at 5% level. Inflation rate and interest rate do not have the same coefficient.

All three restrictions (A, B and C) are jointly tested under the following null

hypothesis.
Ho1: a21= 0iz1= 041=0, Hoz: B21=-P11, Hos: Bi3 = B

The resulting test statistic is y? =5.452 and p value: 0.019. The hypothesis is

rejected at 5% level. When the all of the three restrictions are tested jointly, they are

not statistically significant.

To summarize, the cointegrating vector is identified by imposing the weak
exogeneity of the interest rates, income and inflation over the parameters of the long-
run money demand function. As the weak exogeneity of interest rates, inflation and
income for the parameters of the long-run demand for money function can not be
rejected and that means changes in income, inflation and interest rates do not react to

disequilibrium errors but may still react to the lagged changes of money.

The cointegrating vector is estimated as follows:
Cl =(m-p), —2.07*gdp, +1.41* Ap + 0.005R; +5.67 4.7)
Cointegrating vector can be interpreted as the excess demand for the money, with an

income elasticity of 2.07. Equation (4.7) shows that the long run demand for money

93



depends negatively on inflation and the interest rate and positively on GDP, in line

with the economic theory.

L L L I L L R F L AL L AL RN LA
1985 1990 1995 2000 2005 2010

— Cointegrating relation 1

Figure 4.4 Cointegration Vector

Cointegrating vector in equation (4.7) determines the stationary long run relationship
between the variables. The long-run demand for money has an income elasticity of
2.07. As Dreger and Wolters (2010) state that due to the increase in the income
elasticity of money demand since 2002, the cointegration parameters are unstable.
They report higher income elasticity for the Euro Area data, they estimate the income
elasticity for the period 1983:1 to 2001:4 that 1.292, while estimating the same
system with the data up to 2006:4, they lead to an income elasticity of 2.976,
extending the data set may lead higher income elasticity. For instance, Yildirim
(1997) finds income elasticity of long-run demand for money in Germany, 2.21 and

1.77 for Euro Area. Siliverstovs (2008) estimates money demand for Latvia and finds
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income elasticity of 2.851. There are also other studies that find income elasticity
significantly larger than unity. Dregers, Reimers and Roffia (2007) find income
elasticity of 1.7; de Santis, Favero and Roffia (2008) observe income elasticity of
1.84 for European money demand; Karla (1999) finds income elasticity of 3.75 using
data for Albania. As stated in Laidler (1993, p. 169), “Broader definitions of money
produce higher estimates of the income or wealth elasticity of the demand for money
than narrower ones”. See Issing and Todter (1995), Scharnagl (1998), Brand and
Cassola (2000), Golinelli and Pastorello (2002), Calza, Gerdesmeier and Levy
(2001), Bruggeman, Donati and Warne (2003), Lutkepohl and Wolters (2003) for
other example studies that estimate the income elasticity greater than unity. In
contrast, some studies, before period 2002, find unit income elasticity in the literature
(Kremers and Lane (1990), Fase (1996), Hayo (1999) and Vlaar and Schuberth
(1999)).

To avoid high income elasticity, different cointegrating relationship approach is
employed by Lutkepohl and Wolters (2003) and Dreger and Wolters (2010). They
exclude the interest rate from the cointegrating vector, such as new cointegrating
vector is (m-p, gdp, Ap). In this study, we also take the interest rate as an exogenous
variable and obtain new cointegrating vector including money demand, GDP and
inflation rate. Than the unit income elasticity is verified by new long run
relationship. The detailed results are not given here, only FIML estimates are given
in Table 4.8 and impulse responses functions are given in Figure 4.8 for the model
that interest rate is exogenous.

The 1(0) system is modelled as a parsimonious VAR where the information set used
consists of Amp;, AR; Agdp, A%p; and the cointegrating vector, together with the
dummy variables and the constant term. The Full Information Maximum Likelihood
Estimation results are presented in Table 4.7. After the exclusion of insignificant
variables, overidentifying restriction test is applied that the test does not reject

72 (77)=134), so the marginalization is complete. The resulting equations

parsimoniously encompasses the PVAR.
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Table 4.7 FIML Model Estimates®®
A(m — p); = 0.017 — 0.130C1,_; — 0.199Amp,_5 + 0.319Amp,_, + 0.162Agdp,
0.00)  (0.00)  (0.0106) (0.000)  (0.454)
—0.217 A? P, — 0.006AR1}9 + 0.028d2008 — 0.019ds1 — 0.011ds2 — 0.010ds3

(0.0164)  (0.003)  (0.0167)  (0.000) (0.0002)  (0.0372)

Agdp, =0.0036+0.28Agdp, , —0.0016AR? , —0.015d 2008

(0.00) (0.000)  (0.045) (0.000)

A?p, =-0.0072+0.134Amp, , +0.286Amp, , —0.240Agdp, , +0.533A%p, ,

(0.0004)  (0.017) (0.00) (0.039)  (0.00)

—0.0031AR? , —0.040d 2008 + 0.0077ds1+ 0.0045ds2 + 0.0028ds3

(0.028) (0.000)  (0.010)  (0.016)  (0.42)

AR? =0.396AR?, —0.6216d 2008

(0.000) (0.000)

In Table 4.7 it is observed that none of the variables in the system contributes to the
explanation of the interest rate equation. Hence, it may be assumed to be exogenous

and a three equation system is estimated by FIML method. The estimation results are

presented in Table 4.8.

8 p-values are in parenthesis and mp denotes (m-p).
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Table 4.8 FIML Model Estimates®

A(m —p), = 0.017 — 0.131Cl,_, — 0.205Amp,_5 + 0.313Amp,_, + 0.188Agdp,

(0.00)  (0.00) (0.0082) (0.000) (0.383)
—0.214 A%p,_, — 0.006ARS + 0.028d2008 — 0.019ds1 — 0.011ds2 — 0.010ds3

(0.017) (0.0031)  (0.014) (0.000)  (0.0001)  (0.037)

Agdp, =0.0037 +0.25Agdp, , —0.0016AR? , —0.015d 2008

(0.00)  (0.008) (0.079) (0.000)

A?p, =-0.0076 +0.125Amp, , +0.291Amp, , —0.238Agdp, , +0.477A%p, ,
(0.0049)  (0.061) (0.00) (0.031) (0.00)

—0.0015AR’ , —0.031d 2008 + 0.0082ds1+ 0.0057ds 2+ 0.0036ds3

(0.025) (0.000) (0.030)  (0.021)  (0.40)

The short-run estimates of the money demand model in Table 4.7 indicate that the
inclusion of the dummy variable for 2008 Euro Area economic crisis improves the
estimation results and has significant effect in both money and GDP equation. In
GDP equation, the first lag of the income has positive effect though the second lag of
the interest rate has relatively smaller negative effect. In the short-run money demand
equation the adjustment coefficient is statistically significant and indicates that
nearly 13 percent of the disequilibrium is corrected in each quarter. Furthermore, the
magnitude of the adjustment coefficient is bigger than the ones found by previous

studies estimating the M3 money demand for the Euro Area (Kremers and Lane

% p-values are in parenthesis and mp denotes (m-p).
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(1990), Fase and Winder (1993), Monticelli and Strauss-Kahn (1993), Coenen and
Vega (2001), Golinelli and Pastorello (2002) etc.). Both inflation and interest rate
variables have expected signs. GDP has a positive coefficient consistent with
economic theory but insignificant effect in money demand equation. In the inflation
rate equation, change in inflation is positively correlated with its first lag. The fourth
lag of real money demand has positive effect on the inflation while the interest rates
have negative effect. In money demand and inflation rate equations, the seasonal
dummies have statistically significant effect. The seasonal dummies are found
insignificant in income equation, though real GDP is seasonally adjusted. In the last
equation, the short-run interest rates are positively correlated with its first lag and
negatively affected by crisis dummies. Including the seasonal dummies and all other
variables do not have significant effect on the interest rates. Hence, it is assumed to
be exogenous and the estimated model is presented in Table 4.8. The sign and the
size of the coefficients are close to the model in Table 4.7. GDP is still insignificant
but its coefficient increases while p-value of GDP decreases.

Table 4.9 Model Statistics

(m-p) gdp Ap R®
& 0.0087 0.0046 0.0069 0.4417
EZ 0.799 0.367 0.740 0.298

Model statistics are presented in Table 4.9, where & denotes residual standard
deviations and R? denotes adjusted R® Additionally, model diagnostic statistics,
given in Table 4.10, are all insignificant. The presented diagnostics are F test for no
serial autocorrelation up to order (F4), test for no heteroscedasticity (Frei: See White,

1980) and a chi-square test for normality (denoted Xﬁfi for skewness, Xilé for kurtosis,

szljd for Jarque-Bera test). All diagnostics are satisfactory that there is no

autocorrelation, heteroscedasticity and normality problem.
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Table 4.10 Diagnostic Test Results

VECM

Far (3) 14.28
(0.57)
P 414.74
(0.69)

Zi 3.87
(0.42)

Zod 8.12
(0.044)

x 10.43
(0.11)

Note: p-values are in parenthesis.

4.6 Stability Tests

Model instability may be caused by some regime shifts. Hansen (1992) discusses
various tests for stability. One of the most common tests for stability seems to be
Chow’s (1960) simple split sample test. In Chow’s test, the null hypothesis of
parameter constancy versus shift in the parameters at some known time is tested.
Therefore, the shortcoming of the test is that we can not always know the shift time.
A second method is to calculate the estimates using the subsample of the data and
compare this with the estimates using full sample. A third method uses dummy
variables for intercept and slope parameters than test the significance of the
dummies.®* About testing stability, See Farley and Hinich (1970), Ashley (1984),
Hansen (1992) and Hansen and Johansen (1993).

In order to check the appropriateness of the estimated VAR and VECM specification
for stability, the inverse roots of the characteristic AR polynomial is analyzed, see for
details Lutkepohl (1991) and Lutkepohl (2005).% If all roots have modulus less than

one and lie inside the unit circle, the estimated VAR is stable (stationary). There will

% See for the power of the stability tests, Hansen (1991).
%2 VAR part in Lutkepohl (2005) is largely same as Lutkepohl (1991).
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be kp roots, where k is the number of endogenous variables and p is the largest lag. If

VEC model has r cointegrating relations, k-r roots should be equal to unity.*

According to Table 4.11 and Figure 4.5, stability condition check results indicate that
VECM can be considered as ‘stable’ since VEC specification imposes three unit

roots (since four endogenous variables and one cointegrating relationship).

Table 4.11 VEC Stability Condition

Check

Root Modulus
1.000000 1.000000
1.000000 1.000000
1.000000 1.000000
0.886643 0.886643
0.709397 + 0.501074i 0.868515
0.709397 - 0.501074i 0.868515
-0.002458 + 0.848767i 0.84877
-0.002458 - 0.848767i 0.84877
0.827626 + 0.071123i 0.830677
0.827626 - 0.071123i 0.830677
0.683939 - 0.127809i 0.695778
0.683939 + 0.127809i 0.695778
-0.396355 - 0.540794i 0.670489
-0.396355 + 0.540794i 0.670489
0.205703 - 0.598283i 0.632658
0.205703 + 0.598283i 0.632658
-0.011869 - 0.534092i 0.534224
-0.011869 + 0.534092i 0.534224
-0.523123 0.523123
-0.395935 0.395935

Note: VEC specification imposes 3 unit root(s).

% See Eviews 7 User Guide I1.
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Figure 4.5 Inverse Roots of AR Characteristic Polynomial

Chow test, CUSUM and CUSUMSAQ tests are also applied for the stability check
(Enders, 2010). The main problem with the Chow test and its variants is that they
require a known break point. A method that does not require knowledge of the break
point can be more appropriate. The simplest solution to this problem can be recursive
estimate. Enders (2010) explains the method with an example such as, consider 150
observations, estimate the model using first, say 10 observations, plot the
coefficients, than estimate the model using 11 observations than plot, repeat this
estimate until all observations are used up. At each step, calculate the one-step —
ahead forecast error. Let e;(1) is the difference between y;,; and E;y;,, . If the
model fits the data well, than the sum of the forecast errors should be near zero. In
this case, Brown, Durbin and Evans (1975) calculate whether the cumulated sum of

the forecast errors is statistically different from zero. Defined as:

CUSUMy = YN e (1)/o, N=mn ..., T—1 (4.8)

In equation (4.8), n denotes the first forecast error, while T denotes the last
observation. g, is the estimated standard deviation of the forecast errors. The original
CUSUM test is introduced by Brown, Durbin and Evans (1975) based on cumulative

sums of recursive residuals. Ploberger and Kramer (1992) propose a CUSUM test
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based on cumulated sums of least-squares residuals. CUSUMAQ test can be calculated

by using squared error that helps to detect changes in the variances.

Figure 4.6 presents the plot of CUSUM and CUSUMSQ at 5% level of significance
below. The plot of the CUSUM and CUSUMSQ show stability of the demand for
money function during the period 1980:2010.

As the money demand literature emphasizes on the stability properties of Euro Area
money demand, the studies after 2001 could not find evidence of stability in main
money demand equation. This study shows the stable money demand equation in the
Euro Area for 1980-2010 periods. However, short run estimates of GDP in money
demand equation has positive sign but it is found insignificant. These conflicting

results may be due to nonlinearity which is observed and presented in Chapter 5.
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Figure 4.6 CUSUM of squares of the error correction model




4.7 Impulse Response Analysis

Macroeconomic models are used not only for forecasting but also for policy analysis.
For policy analysis, it is important to know how sensitive the economic variables to
economic shocks. Interpreting the VAR and VEC model estimates is not simple.
Impulse response functions measure the persistence and effect of shocks on future
values of series. The dynamic properties of the models are investigated by impulse
response functions (IRF). The shape of the impulse response functions can indicate
whether the dynamic responses of the variables confirm to theory (Enders, 2010).**
In this section, the IRFs are interpreted for linear VEC models.

In linear IRFs, the dynamic analysis are independent from the sign, size and history
of the shocks. Because the IRFs give the response to a one-time impulse in other

variable with all other variables dated t or earlier are held constant. The ordering of

the variables in y is chosen such as (m— p),, gdp,, Ap,, R®) .

Figure 4.7 examines the dynamic effects of money demand, income, inflation and
interest rates to one standard error shock in each variable. The graphs in the first row
of Figure 4.7 give the responses of money demand. The responses of money demand
to the money demand shock shows a cyclical pattern; its impact response is 1% and
declines sharply to -0.2% around 3™ quarter, than rise to around 0.2% and finally
gradually tends towards O at around 20™ quarter. In second graph, the responses of
money demand to income shock shows again cyclical pattern; its impact response
decline to -0.4% from O than goes to positive around 4™ quarter and dies out after
about 15™ quarter. In the third graph, the response of money demand to inflation
shock decreases to -0.2% from 0 at 1% quarter. Then rises to 0.15% around 5™ quarter
and than the effect of shock dies out after about 15" quarter. In the last graph, the
response of money demand to interest rate shock declines sharply to -0.15% around

3" quarter, than rise to 0.1% around 5™ quarter and dies out after about 20" quarter.

Second row of the Figure 4.7 gives the responses of income to various shocks. The

response of income to money demand shock is positive than dies out fastly. The

% See Pesaran and Shin (1998); Akbostanci (2004); Ismihan and Metin-Ozcan (2009); Wang and
Dunne (2003) for the implications of the impulse response analysis.
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response of income to income shock is first positive at 0.5% level than declining but
still positive than dies out. The response of income to inflation shock is positive but
small and dies out rapidly. The last graph presents the response of income to interest

rate shock which is positive at first quarters but small than dies out rapidly.

Third row of the Figure 4.7 gives the responses of inflation. The response of inflation
to money demand shock is first -0.5% than increases to 0.4% around 5" quarter, than
declines to negative around 10™ quarter and dies out after 20" quarter. The response
of inflation to income shock rise to 0.15% at 1% quarter than goes to negative around
5™ quarter. After 10" quarter the response becomes positive but near 0 than dies out.
The response of inflation to inflation shock is first positive around 0.5% but
decreasing sharply until 5™ quarter, to -0.25%. Than it increases to 0.1% level and
finally gradually tends towards 0. In fourth graph, the response of inflation to interest
rate shock is first positive around 0.25%, than decreases sharply to -0.30% around 5™
quarter. It increases to 0.1% around 10™ quarter than decreases again and finally

tends towards 0 after 20" quarter.

Last row of the Figure 4.7 presents the responses of interest rate. The response of
interest rate to money shock is first negative around -0.014% than increases around
zero than dies out after 15™ period. The response of interest rate to income shock is
first positive around 0.1% than declines slowly to zero. The response of interest rate
to inflation shock is positive but small in first quarters. Than dies out rapidly. Finally
the response of interest rate to interest rate shock is first rises till 40%, than tends to
zero rapidly after 5™ quarter and goes around zero until 30 quarter. The response of
interest rate verifies the short-run model for the interest rate equation in Table 4.17
that none of the variables in the system contributes to the explanation of the interest

rate equation.

Similar IRFs can be seen in Figure 4.8., which displays the model that takes the
interest rate as exogenous. The sign and the size of two impulse responses do not
much differ. Comparison of the IRFs for linear VEC model and nonlinear threshold
VEC model can be found in Chapter 5, Section 5.2.
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4.8 Conclusion

In this chapter, the demand for money in the Euro Area is modelled by employing
vector autoregressive and vector error correction modelling approaches which are
discussed in Chapter 3. After one cointegrating relationship is found, the money
demand is modelled using VECM. Adjustment coefficient is relatively higher than
the literature. Afterwards, the dynamic properties of the model is analyzed by using
impulse response functions. The life of shocks ranges from approximately 10 to 20
quarters that is between 2.5 to 5 years. As such, the transitory period is rather short.
The speed of convergence to the long run equilibrium is slow and in some cases, it

takes as long as 5 years for convergence or error correction to be completed.

In contrast to the literature, this study finds stable relationship for European money
demand for period 1980-2010. However, the literature suggests after the introduction
of the Euro, 2001, the money demand model become unstable. Results of earlier

literature may be due to the data set, methodology employed in the analysis.

However, if the functional form is misspecified as it is in the previous literature
where mostly linear models are employed, it is not surprising to have mixed results
depending on the data set. We therefore investigate the possible nonlinear

relationship in money demand in the next chapter.
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CHAPTER 5

RESULTS OF VECM APPLICATIONS: NONLINEAR (THRESHOLD)
MODELS

5.1 Introduction

This chapter provides the empirical results of Threshold VEC models with all
variables being endogenous, and comparison with that of the linear VECM results
discussed in Chapter 4. We first assume that only long run adjustment coefficient
change across two distinct regimes with no change in short run coefficients. Then,
both long and short run coefficients are assumed to be changing between two
regimes described by TVEC model. We consider both TAR type and M-TAR type
dynamics in TVEC models, and therefore co-integration vector obtained in Chapter
4, all variables used in the estimation of money demand function and their first
differences are treated to be possible transition variables. The results show strong
nonlinearities in all cases confirming the asymmetries in both short and long run
dynamics. The best TVECM is the one which uses first lag of error correction term
as transition variable and assumes no change in short run dynamics. Hence only

results of this model are presented in this chapter.

The plan of the chapter is as follows. Modelling cycle and threshold co-integration
model estimates and nonlinear impulse response analysis are given in Section 5.2.

Section 5.3 concludes the chapter.
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5.2 Threshold Cointegration Modelling

Modelling cycle of TVECM can be outlined as follows:

I.  First, use first lag cointegration vector obtained from linear VAR model in
Chapter 4 and all other variables to estimate threshold VEC (TVEC) model as
outlined in Section 3.3.2 under the assumption that only long run adjustment
coefficients change across regimes.

Il.  Repeat modelling sequence in Step I. However, this time, allow both short
run and long run dynamics to change across two regimes.

I1l.  Repeat step I&Il to estimate momentum threshold VEC models with
transition variables being first differences of cointegrating vector, money
demand, income, inflation and interest rates as alternatives for each other.
Estimate corresponding models assuming short run parameters do not change
and change while adjustment coefficient changes in both cases. Select the
best model using AIC, SIC and SSR.

IV.  Use General Impulse Responses Functions (GIRF) analysis to uncover the
dynamics exhibited following a shock to the system. Here we follow two
different approaches for GIRF’s. In the first one, since we have money
demand model for each regime, we apply GIRF’s for both of them separately.
Second we use simulation approach and consider the both system dynamics
altogether, as a shock in any of the regime may lead a shift to other regime
and vice-versa. This leads to bivariate GIRF’s which may cover shocks in

both upper and lower regimes.

5.2.1. Empirical Results

Our estimated models are given below in equation (5.1), (5.2), (5.3) and (5.4) with
the indicator function of equation (5.5). AIC and SIC values corresponding to
estimated models are presented in Table 5.1. These statistics and our own analysis

show that Momentum-TVEC model with first lag of error correction term and with

110



only change in long run adjustment coefficient provides the best fit*™. We therefore
present the results of this model and focus on the equation (5.1) whose dependent

variable is money demand.

Table 5.1 Akaike (AIC) and Schwarz (SIC) Information Criteria for Model
Selection

(Transition variable is error correction term)

AIC SIC
Linear VECM -21.46 -19.69
TAR Model -3853.53 -3814.74
M-TAR Model -3853.53 -3814.74
TAR Consistent Model -3886.77 -3847.98
M-TAR Consistent Model -3910.70 -3871.91

The threshold cointegration model under the assumption of change only in long-run

adjustment coefficients:

A(m —p)¢ = Por + 2iey Brib(M — D)o + X0 91:0gdpe—; + X0, 61:0%p—; +

Z?=1 YulR{_; + thc=1 Dt + puliéia+ Pp=1)é , + vor (5.1)

Agdp, = Boz + Xh_y Boilh(m — p) e + X0 92i0gdp,_; + XF_, 82i0%p,_; +

21;1 VziARtS—i + thczl Dt + oyl +ppA=1)E, + vy, (5.2)

A?p, = Boz + Xh_, Baib(m — D)y + X0 95iAgdp,_; + X, 83:0%p,_; +

21;1 VSiARtS—i + thczl Dt + pulé+pnA=1)é, + vy (5.3)

AR®, = Bos + Zzijzl BaiD(m —p)e—; + 2?:1 ,;Agdp;—; + Zf:l 84 0% +
Zf:l VaibRE_; + ¥, D, + Puliés+ppA=1)é, + Vs (5.4)

B {1 if A8y >7
t

1o lf Aét—1< T (55)

% The details of the models in Table 5.1 are discussed in Chapter 3. Therefore, there is no reason to
assume that threshold parameter, 7, is equal to zero in our case. But to follow the modelling sequence
in Enders and Granger (1998), we opt for to start with this assumption and compare all models.
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Table 5.2 Momentum TAR Consistent

Model
coefficients p-value
Amp,_4 -0.020 0.804
Amp,_, -0.026 0.749
Amp;_3 -0.182 0.020
Amp,_, 0.420 0.000
Agdp:_4 -0.557 0.004
Agdp,_, 0.0004 0.999
Agdp,_s -0.005 0.980
Agdp,_, 0.331 0.093
A%p,_4 -0.299 0.015
A%*p,_, 0.131 0.326
A%p,_5 -0.101 0.417
A%p,_y 0.170 0.119
ARS_, 0.000 0.853
AR;_, -0.003 0.231
AR 4 0.003 0.172
AR;_, 0.000 0.812
1,8_4 -0.097 0.009
(1—-1)%_, -0.107 0.004
C 0.019 0.000
D2008 0.026 0.009
D902 0.037 0.000
D20021 -0.023 0.024
D841 -0.017 0.070
D20003 -0.028 0.005
D20004 -0.027 0.007
S1 -0.014 0.009
S2 -0.011 0.004
S3 -0.009 0.090

threshold value (7): -0.00224

The empirical results of M-TAR model with consistent estimation of threshold are
presented in Table 5.2. As seen, we have two different and significant adjustment
coefficients for two regimes. The negative signs of estimated adjustment coefficients
provide evidence of convergence in both regimes. Two distinct adjustment
coefficients with transition variable, Ag,_4, implies that the series present more

‘momentum’ in one direction than the other as M-TAR dynamics can mimic the
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possibility of asymmetrically ‘sharp’ movements in the series.”® Test results verify

asymmetric structure by strongly rejecting the following null hypothesis:
Ho:py = p; =0 (5.6)

Ho: py = p2 (5.7)

Hypothesis in equation (5.6) is an F-test which has a nonstandard distribution, and

the test statistics are denoted as ¢; for M-TAR specification. Second hypothesis

entails the detection of the possible asymmetry within the cointegration relationship

and is carried out by testing the null hypothesis in (5.7) with a standard F-test.

The value of the F-test, ¢;, for testing (5.6) is 12.51. When compared with the

values reported in Enders and Granger (1998), these values allow us to reject the null
hypothesis of no cointegration at almost 1% significance level. The second
hypothesis in (5.7) of symmetric adjustment can be rejected nearly at 1%
significance level. It is worth to note that these two hypotheses are rejected very

significantly for all models estimated in this study.

The adjustment coefficients of lower and upper regimes are close to the one in linear
model. Although the coefficient -0.13 of linear model implies nearly same
adjustment, the model has some conflicting results according to the economic theory.
Adjustment coefficients is -0.107 in low regime (below threshold, A&, 4 <
—0.00224 ) and -0.097 in upper regime (above threshold, Ag,_; = —0.00224)
imply nearly same adjustments. Moreover, in lower regime, equilibrium adjustment

is faster compared to upper regime.

% As stated in Enders and Dibooglu (2001) “Hansen (1997) present a purely statistical argument for
M-TAR adjustment. If {u,_,} is a near unit root process, setting the Heaviside indicator using Ay;_;
can perform better than the specification using pure TAR adjustment.”
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Table 5.3 Momentum TAR Consistent Model

coefficients p-value
Amp,;_3 -0.232 0.000
Amp,_, 0.326 0.000
Agdp;_4 0.427 0.013
A%*p,_4 -0.330 0.000

AR} -0.003 0.08

1,84 -0.05 0.092
(1-1)28_4 -0.109 0.000
C 0.018 0.000
D2008 0.031 0.002
D902 0.029 0.001
D20021 -0.017 0.085
D841 -0.025 0.006
D20003 -0.026 0.005
D20004 -0.025 0.007
S1 -0.018 0.000
S2 -0.012 0.000
S3 -0.009 0.068

threshold value (7 ): -0.00224

It is important to note that although the speed of adjustment towards long run
equilibrium in linear and nonlinear models discussed above do not show high
differences, the reduced form of nonlinear specification show important differences.
Table 5.3 provides the estimation results of reduced form Momentum TAR model.
As seen, both coefficients are significant and negative implying convergence.
Moreover, adjustment coefficient corresponding to upper regime is -0.05 implying
quite slow adjustment process compared with both linear and lower regime of the
nonlinear model. It seems that the adjustment speed in the lower regime is close to
the one observed in the linear model. Generally speaking, when in the lower regime
the effectiveness of economic policies to establish the equilibrium is quite strong
though its effects are higher than upper regime suggesting the strong asymmetries in
money demand function and therefore effects of the economic policies.

The comparison of diagnostic test results for Momentum TAR and reduced form of
Momentum TAR models are presented in Table 5.4 below. Q(4) is the Ljung-Box Q
test for serial correlation in order 4, JB is Jarque-Bera Normality test, Sk is skewness,

Ku is kurtosis, AIC gives Akaike Information Criterion, SIC is Schwarz Information
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Criterion and p values of the test statistics are given in Table 5.4. Diagnostic test

results show there is no normality and autocorrelation problem in the models.

Table 5.4 Threshold Cointegration Diagnostic Test Results

Momentum TAR Reduced Momentum TAR Model

Model
Q@4) 0.176 0.672
JB 0.913 0.610
Sk 0.854 0.608
Ku 0.709 0.410
AIC -3910.70 -4077.59
SBC -3871.91 -4038.22

The next step is GIRF. As detailed in Step 1V, we follow two different approaches
for GIRFs. First one is two separate functions for lower and upper regimes.
Corresponding IRFS graphs are given in Figures 5.1 and 5.2.
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Figure 5.2 shows asymmetries following one standard deviation shock which die out
in a shorter period in lower regime compared to upper regime model. It is also worth
to note that, the response of money demand to one standard deviation shock in GDP
is negative in upper regime conflicting with economic theory. The path of the
dynamics after the shocks is summarized in Tables 5.5, 5.6, 5.7 and 5.8. As also seen
in these tables, although there is some differences in the path as far as the sign is

concerned, in all cases shocks die out faster in low regime.

Table 5.5 Responses to Shock in (m-p)

High Regime Low Regime

Period (m-p) gdp Ap R® (m-p) gdp Ap R®

15t 0.010 00002  -0.0032 -0.0326 | 0.010 0.0015 -0.0022  -0.057
gth 0.0017  -0.0001  0.0027  0.0219 | 0.0001  0.0003 -0.0007 -0.018
10t 0.0003  -0.0001  -0.0006 0.0018 |-0.0001  0.00008  0.00003 0.0038
15t 0.0001  0.0001  0.0001  -0.0053 | 0.000004 -0.0000008 0.00001 0.000006
o0t 0.00002 -0.00001  -0.00004 0.00027 | -0.000005 0.0000 0.00000  0.00007
o5t 0.000001  0.000003  0.00002  -0.0002 | 0.000002  0.000000  0.00000  0.00000
30 0.000001 -0.000002 -0.000007 0.000004 | -0.00000 -0.00000  0.00000 0.00000

Table 5.6 Responses to Shock in (GDP)

High Regime Low Regime
Period  (m-p) gdp Ap R® (m-p) gdp Ap R®
15t 0.0000 00040 00026  0.0791 0.000 0.002 0.000 0.092
qrd -0.00250 0.001 0.002 0.05 0.0020  0.00025  0.0001 0.05
gth 000069 000037  -0.0002 0.05641 | 0.0016 0.00002 -0.0010  0.016
10t -0.000017  0.000128  0.00025 0.000188 | -0.00003 -0.00008  -0.00008  0.0004
15t -0.000063 -0.000018  -0.0001  0.003419 | -0.000009 0.000006  -0.000003  0.00006

20th 0.0000381  0.000014  0.00006  -0.00078 | 0.000006 0.00001 -0.000006  0.00013
25th -0.000007  -0.000005 -0.00002  0.000454 | 0.00000 -0.0000 -0.00000 -0.000

30" 0.000004 0.000002 0.000007  -0.00019 | -0-0000001 (0.0000  -0.00000 0.000001
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Table 5.7 Responses to Shock in Ap

High Regime Low Regime
Period (m-p) gdp Ap Rs (m-p) gdp Ap Rs
1 0.0000 0.0000 0.0063 0.0524 | 0.0000  0.0000  0.0053 0.0395
5th 0.000145 -0.00018 -0.0021 -0.02292 | 0.00041 0.000135 -0.00062 0.052283
10t 0.00009  0.00017  0.000529  -0.00581 | 0.00005  -0.00011  -0.00016 -0.00027
15t -0.00005  -0.000036 -0.000072  0.003065 | -0.00004  -0.000005 0.000008  -0.00057
oot 0.000007  0.000007  0.000042  -0.00052 | 0.000005 0.00000  -0.000004  0.000156
ogth 0.0000023 -0.000004 -0.000018  0.000086 | 0.000002  0.00000  -0.0000016  0.000012
30" 0.00000  0.0000014 0.000006  -0.000066| -0.0000  0.00000  0.0000 -0.000002

Table 5.8 Responses to Shock in (R®)

High Regime Low Regime

Period (m-p) gdp Ap R® (m-p) gdp Ap R®

15t 0.0000 0.0000 0.0000 0.3042 | 0.0000 00000 00000  0.2013

gth 0001593  0.000223 -0.00034  -0.0377 |-0.00011 -0.0004  -0.00041 0.021663
10t 000004 000001  0.000523 0.004156 | -0.00013  -0.00005  0.00002  -0.00415
15t 0.000045  -0.00002  -0.00012  0.000439 | -0.000004 0.000008  0.000002 -0.00018
ooth 0000012  0.0000061 0.000036  -0.00053 | 0.000005  0.0000002 -0.000004 0.000005
ogth 0.000007  -0.0000036  -0.000006  -0.000004 | -0.0000001 -0.000000 -0.00000  -0.00002
30" -0.0000005 0.0000005 0.0000018 -0.000001 | -0.00000  0.0000  0.0000  0.000001

GIRFs presented above are valid under the assumption that when a shock hits the
system it does not cause movement from one regime to another. This is a very strict
assumption and when it does not hold the dynamics implied by these GIRFs are not
valid. To solve this issue we adopt simulation approach which considers possible

regime shifts following a shock. This leads to bivariate GIRF’s as shown in Figure
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5.3, 5.4 and 5.5. These GIRFs do not have confidence bands because, as argued in
Rahman and Serletis (2010), since nonlinear generalized impulse responses are
expected values which are not random and include conditional expectations, they do
not have error bands. In the literature, this is the only study utilizing bivariate GIRFs
for threshold VEC models. For ease of comparison, we present GIRFs of linear
model without confidence bands and nonlinear models sequentially in Figures 5.3-
5.11. We do not give GIRFs corresponding to interest rates because as stated in
Chapter 4 Section 4.5 that none of the variables contributes to the explanation of the

interest rate equation.
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Table 5.9 Responses of (m-p) to Shocks in

Linear VECM Threshold VECM
Period (m-p) gdp Ap | (m-p) gdp Ap
1% 0.0078 0.0000 0.0000 0.0075 0.0006 -0.0048
3" 0.0005 -0.0013 -0.0008 -0.002 0.0025 0.0018
5t 0.002 0.0006 0.0007 0.001 -0.00065 -0.0002
10" 0.0002 -0.00045  -0.000013 0.001 -0.0001 -0.0013
15" -0.00001  -0.00001 0.00007 0.0000 -0.000004 -0.00001
20™ -0.00002  -0.00015 -0.00002 | -0.000005 0.0000 0.00001
25" 0.000003  0.000047 0.00009 0.00000 0.0000 0.0000
30" 0.0000005  -0.000016  -0.000007 | 0.00000 0.0000 0.0000
Table 5.10 Responses of GDP to Shocks in

Linear VECM Threshold VECM
Period (m-p) gdp Ap (m-p) gdp Ap
1% 0.0002 0.004 0.0000 0.00015 0.0038 0.0000
5t -0.0001 0.0013 0.0013 0.0010 -0.0006  -0.00013
10" 0.00001  0.0006 -0.0002 0.0005 -0.0002  -0.0006
15" 0.0000 0.0003 0.000009 0.0000 0.000 -0.00005
20" 0.00003 0.0002 -0.000024 | -0.00001 0.000 0.000001
25 0.0000 0.0001 0.000008 0.000 0.000 0.00000
30" 0.00001 0.00006 0.000007 0.000 0.000 0.00000
Table 5.11 Responses of Inflation to Shocks in

Linear VECM Threshold VECM
Period (m-p) gdp Ap (m-p) gdp Ap
1% -0.0034  0.00045 0.0047 -0.0038 0.0001 0.0055
5t 0.003 0.0005 -0.001 -0.0016  -0.00065  -0.0005
10" -0.0006  0.00004 0.0008 0.0003  -0.00015  -0.0005
15" 0.0004  -0.00002  -0.00045 | 0.000001  0.0000 -0.0002
20" -0.0002 0.00008 0.0002 -0.00001  0.0000 0.00002
25™ 0.00002  -0.000012 -0.0001 0.00000  0.00000  0.00000
30" -0.00001  0.000027 0.00006 0.00000  0.00000  0.000000
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The comparison of responses for linear VECM and Threshold VEC models are given
in Table 5.9, 5.10 and 5.11 As can be seen from these Tables, generally speaking, the
size and sign of responses are close to each other. However, a shock dies out faster in
Threshold VEC model compared to linear VEC model, implying that the effect of
monetary policy is absorbed in a shorter period of time in the former model.
Moreover, as shown in Figures 5.4 and 5.5, the response of money demand to a one
standard deviation shock in GDP and inflation seems more reasonable in nonlinear
model since the respond of GDP is positive in the first four quarters though it is

negative during the same period in linear model.

5.3 Conclusion

This chapter estimates a threshold cointegration model over the period 1980-2010 for
European money demand and analyses the dynamic responses of the model to money

demand shocks by means of impulse responses.

In the literature ECM terms from linear VAR is preferred as transition variable since
it is a linear combination of all variables in the system carrying information provided
by all of them. Therefore, we also focus on the models which use this variable as
transition variable. However, we also estimate TVECM using money demand, GDP,
inflation and interest rate as transition variables to see whether nonlinearity appeared
itself because of estimation procedure of linear VAR model or due to an inherent

nonlinear structure showing itself for all variables.

Empirical results show that irrespective of the transition variable used in TVECM
model, there is strong evidence of nonlinearites in money demand function. The best
one is an M-TAR type dynamics delivered by the one using the first lag of error
correction term as transition variable. It seems that long run adjustment is faster in
lower regimes of the nonlinear model compared to upper one. Furthermore, the
response to shocks obtained from nonlinear model seems more plausible and

consistent with economic theory.
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CHAPTER 6

CONCLUSION

The money demand function has been regarded as a fundamental building block in
macroeconomic modelling, as it represents the link between the monetary policy and
rest of the economy. This thesis aims to model European money demand by using
linear VEC model and its nonlinear version namely threshold VECM specification.
We use the error correction term, obtained from a linear VAR analysis as transition
variable in our nonlinear modelling. Therefore, there are many empirical studies
investigating relationships among the monetary variables. The most popular one is
the stability of the money demand function both at the country level and regional

level as for example Euro Area.

A shortcoming of most of the empirical studies is the use of linear specifications in
analyzing the money demand function. We therefore not only use linear models but
also a class of nonlinear models called Threshold models to analyze the Euro Area
money demand function. More specifically, we estimate a linear VAR and VECM
model and then use the error correction term as a transition variable under TVECM
specification. Empirical results are consistent with our expectations as we find strong
nonlinearity in the money demand function of Euro Area. Moreover, nonlinear
specification provides more reasonable results as far as both the size and sign of the

coefficients are concerned.

Chapter 2 reviews literature in linear and nonlinear framework. The review shows
that there is no study that investigates the nonlinearity of European money demand
for long span data. The recent time series literature shows an important development
in nonlinear adjustment mechanism. Much of the impetus for this interest may come

from a large number of studies showing that key macroeconomic variables such as
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real GDP, unemployment, interest rates and exchange rates display asymmetries.
From the review of the nonlinear literature, the findings support the hypothesis that
the Euro Area money demand may have nonlinear relationship. Next, we describe
the definition of monetary aggregates and theories of money demand. The
advantages and disadvantages of monetary aggregation are summarized. Based on
these we prefer to model M3 definition of monetary aggregate with GDP, inflation
and interest rates.

Chapter 3 gives an account of vector autoregressive (VAR) and threshold
autoregressive (TAR) modelling which are employed in this thesis. Vector
autoregressive modelling with cointegration analysis enables us to test a number of
economic hypotheses about the behaviour of variables. We employ Momentum type
TAR model for nonlinear modelling. Momentum TAR model can capture the
asymmetric dynamics, such that the series exhibits more momentum in one direction
than the other. The brief description of nonlinear impulse responses are given at the
end of the chapter. Nonlinear impulse responses are dependent to history. Magnitude
of the shock can change the time profile of responses in nonlinear GIRFs. Sign and

size of the shock does matter for nonlinear impulses in contrast the linear ones.

In Chapter 4, the demand for money is estimated for Euro Area. The variables used
for the model is M3 monetary aggregate, GDP, inflation and interest rates. To avoid
data aggregation problem, we use an existing data set until 1999 than extend it
according to ECB and IFS databases up to 2010. In addition to four explanatory
variables mentioned above, some dummy variables are included into the model to
account for economic crisis and/or unusual events. A dummy variable for 2008
economic crisis which takes the value of 1 for 2008:4 and 2009:1 period is found
significant. This implies 2008 economic crisis would have significant effect on the
demand for money function. The dummy for 1990:2 presents German unification, the
dummy for 2002:1 shows the period that the Euro banknotes and coins are presented
into the market. Lastly, the dummies for 2000:3 and 2000:4 represent stock market
turbulences after the new economy bubble. Furthermore, seasonal dummies are
included to avoid seasonality in the model. The restrictions according to the
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economic theory are tested and GDP, inflation and interest rates are found weakly
exogenous. A long run and short run estimates of money demand model is presented.
In the long run model, all coefficients are consistent with economic theory. However,
the income elasticity is relatively higher than unity but lower than the ones found in
some empirical studies in the literature. This is attributed to use the data after 2002
period for European money demand in the empirical literature. The adjustment
coefficients (ECM) of the short run money demand function is 0.13 which reflects
the speed of adjustment to any long run equilibrium. The life of shock is
approximately 2 years in linear model. This ECM is comparatively higher than the
ones found in empirical literature that includes long span data. A higher adjustment
coefficient for the demand for money indicates that deviation of the demand for
money from its long-run equilibrium are eliminated faster compared to other studies.
This could make monetary policy implementation easier, because it implies that
impulses coming from monetary policy instruments are quickly transmitted to
economic activity. The short run estimates of money demand model show that
although GDP has a positive coefficient consistent with economic theory, but
insignificant effect on money demand. This poor result of linear model can be
attributed to data, modelling approach but also adherence to linear specifications
which are not as flexible as nonlinear specifications. Moreover, stability tests are
presented and European money demand is found stable over the period 1980-2010.
Recently, previous empirical studies in the Euro Area generally report instability in
traditional money demand function. Stable money demand supports and increases the
effectiveness of the monetary policy implications in the Euro Area. Finally, the
impulse responses are presented to analyze the dynamics of the short-run and
medium-run of European money demand. The response of money demand in one
standard deviation shock in GDP seems negative in first quarters that conflicts with
economic theory. More plausible responses are delivered by nonlinear impulse

responses.

Finally, in Chapter 5 we examine for evidence of nonlinearity in European money
demand function. For this, we obtain cointegrating vector from linear VAR model.
Thereafter, we apply nonlinearity tests and obtain strong evidence of nonlinearity in
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error correction term. We investigate whether the relationship between the European
money demand, GDP, inflation and interest rates can be characterized by Momentum
type TVEC model. We opt for the model which uses first lag of error correction term
as transition variable and assumes no change in short run dynamics. The tests of the
asymmetric regimes are also found significant. The coefficient of ECM in low
regime is 0.11 which is comparatively lower than linear model meaning the life of
shock dies out approximately 2.5 years. The results of the reduced form of nonlinear
model is very consistent with the economic theory compared to its linear
counterparts. Moreover, the response of money demand in one standard deviation
shock in GDP seems positive in first quarters as expected in empirical economic

literature.

Although, research in nonlinear time series econometrics seems to be growing
exponentially, there are few studies that analyze money demand in nonlinear
framework. This study makes several contributions to the empirical literature of
money demand relationship. Though researchers show evidence of nonlinearity in
most of the macroeconomic variables, most of the applied work to date assumes
linearity for money demand model. The nonlinearity of the macroeconomic variables
should not be neglected in empirical economic studies. Chapter 5 presents, for the
first time, how a Momentum TVEC model can capture the asymmetries in the
European money demand function. We then provide the first empirical examples of

Momentum TVEC model and its impulses for European money demand equation.

Our conclusions may now be summarized. We have provided the first study which
investigates stability of the demand for money for Euro Area over the period 1980-
2010 for traditional money demand function. Our findings would suggest that the
demand for money in the Euro Area can be explained by nonlinear models more

plausibly and consistently with economic theory.

Secondly, this study is the first study which compares European money demand for
linear and nonlinear framework over the period 1980-2010. The dynamics of the
European money demand model can be explained better by nonlinear methods
compared to their linear counterparts.
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The empirical findings presented here are very compelling and encourage further
research in a number of directions. Some extensions that could build on this study are

given below.

Although we have used MTAR vector error correction models on the basis of our test
results, it would be very interesting to examine how other types nonlinear models,
such as Smooth transition VEC model perform in describing these series. Since
Smooth transition models allow the parameters to change slowly in contrast to sharp
change in TAR models.
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Al.1 VAR Estimates

APPENDIX A

ADDITIONAL TABLES

Table Al. 1 Unrestricted VAR Estimates (with dummy)

(m-p) gdp Ap R®
MPy1 -0.058 -0.020 0.018 -1.559
[-0.621] [-0.426] [ 0.262] [-0.360]
mMp -0.030 0.001 -0.032 4.991
[-0.341] [ 0.029] [-0.482] [ 1.207]
MPt3 -0.189 0.047 0.155 0.685
[-2.249] [ 1.132] [ 2.507] [0.176]
MpPesg 0.506 -0.027 0.149 -1.948
[ 5.880] [-0.641] [ 2.368] [-0.489]
gdpi1 -0.379 0.317 0.237 8.844
[-1.894] [ 3.227] [ 1.611] [ 0.954]
gdpi. 0.284 0.048 0.024 15.284
[ 1.373] [0.477] [ 0.157] [ 1.598]
gdpes 0.225 0.102 -0.152 1.832
[1.082] [ 1.004] [-0.995] [ 0.190]
gdpi.4 0.634 0.127 -0.213 -3.873
[ 3.141] [ 1.283] [-1.439] [-0.415]
Apra -0.385 0.157 0.676 4.705
[-2.939] [ 2.441] [ 7.031] [0.776]
Apt2 0.062 -0.122 -0.225 -8.853
[0.425] [-1.706] [-2.110] [-1.315]
Aprs -0.198 0.020 0.178 12.549
[-1.456] [ 0.301] [ 1.790] [ 1.999]
APt 0.180 0.022 -0.248 -6.748
[ 1.520] [ 0.384] [-2.851] [-1.231]
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Table Al.1. (Continued)

(m-p) gdp Ap R®
R%. 0.000 0.001 0.001 0.427
[-0.181] [ 0.694] [ 0.375] [ 4.010]
RS, -0.003 -0.002 0.004 -0.043
[-1.110] [-1.713] [ 2.025] [-0.378]
R 0.004 -0.001 -0.005 -0.122
[ 1.561] [-0.519] [-2.611] [-1.072]
RS, 0.002 0.000 0.001 0.083
[ 0.725] [-0.059] [ 0.431] [0.812]
C 0.012 0.004 -0.003 -0.172
[ 2.934] [ 1.927] [-0.902] [-0.943]
d2008 0.032 -0.022 -0.047 -1.386
[ 2.977] [-4.240] [-5.982] [-2.768]
ds41 -0.002 -0.016 -0.001 -0.493
[-0.206] [-3.135] [-0.118] [-1.020]
d20021 -0.021 0.002 0.006 0.549
[-1.972] [ 0.368] [ 0.761] [1.129]
d902 0.035 -0.002 -0.004 -0.837
[ 3.360] [-0.448] [-0.475] [-1.718]
d20003 -0.024 -0.002 0.014 0.041
[-2.272] [-0.308] [ 1.789] [ 0.084]
d20004 -0.020 0.000 0.000 0.048
[-1.884] [-0.075] [ 0.012] [ 0.097]
DS1 -0.011 -0.002 -0.001 -0.104
[-1.889] [-0.882] [-0.146] [-0.396]
DS2 -0.009 0.000 0.003 -0.026
[-2.213] [-0.100] [ 0.913] [-0.140]
DS3 -0.006 -0.004 -0.004 0.090
[-0.982] [-1.344] [-0.912] [ 0.339]

Note: t statistics are given in square brackets.
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APPENDIX C

TURKISH SUMMARY

Para talebi fonksiyonu, para politikalari ile ekonominin geri kalan kismi arasindaki
baglantiy1 temsil etmesinden dolayi, makroekonomik modellemede 6nemli bir yap1
tas1 olarak kabul edilmektedir. Para talebi literatiiriiniin 6nemli bir kismi1 para arzina
gelen bir sokun, enflasyon, faiz oranlari, milli gelir, 6zel yatirnmlar ve diger politika
degiskenlerine olan beklenen etkisini dlgmeyi saglayan istikrarli para fonksiyonu ile
ilgilenmektedir. Para ve fiyatlar arasindaki istikrarli bir iliski parasal bilesenlerin
para politikalarinda kullanilabilmesi igin bir 6n kosul olarak kabul edilmistir. Bu
nedenledir ki, para talebi literatiiriinli olusturan ¢alismalarin ilk amac istikrarl bir
para talebi fonksiyonuna ulagsmak olmugstur. Parasal fonksiyonlar ytizyillardur, tilkeler
ve bolgeler bazinda popular ¢alisma alanlarindan biri olmus ve literatirde 6nemli bir

yer edinmistir.

Bu baglamda, bu tez ¢alismasinda, 1980-2010 ddnemi igin, Avrupa Bolgesi para
talebi fonksiyonunun dogrusal ve dogrusal olmayan c¢ergevede modellenerek
karsilastirilmas1 amaglanmistir. Avrupa Bolgesi para talebi fonksiyonu da, her
ekonomide oldugu gibi beklenmedik olaylar/soklara acik bir fonksiyondur. Bu
ekonomik kriz ve soklar modelde cesitli asimetrik etkiler olusturabilir. Dogrusal
zaman serisi tahmin yontemleri bu asimetrik etkileri tahmin etmede yetersiz
kalmaktadir. Bu asimetrileri modellemek i¢in dogrusal olmayan tahmin yontemlerine
ihtiya¢ duyulmaktadir. Bu nedenledir ki, son zamanlarda dogrusal olmayan
modellemeler, ampirik ekonomik ¢alismalarda daha fazla yer bulmaya baglamistir.
Fakat para talebi kadar ekonominin temel taslarin1 olusturan bir konuda, yeteri kadar
dogrusal olmayan yontemleri kullanan galismaya rastlanamamaistir. Bunun en 6nemli

sebeplerinden bir tanesi, dogrusal olmayan metodlarin, dogrusal metodlar kadar basit
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hesaplama tekniklerine sahip olmamasidir. Mevcut modelleme teknikleri de

genellikle dogrusal yontemler {izerine kuruludur.

Bu ¢ergevede, tezin ana igerigi 2.-5. boliimlerde sunulmustur. Oncelikle, Fisher
(1911) ‘Klasik Para Miktar Teorisi’nden baslayarak Friedman (1956) ‘Modern Para
Teorisi’ne kadar para teorileri incelenmistir. Para talebinin bilesenleri incelenmis ve
bu calismada, para talebinin, GSYIH, enflasyon ve faiz oranlar degiskenleri ile
modellenmesine karar verilmistir. Genel olarak toplulastirma (aggregation)
yontemlerinin avantaj ve dezavantajlar1 6zetlenmis ve bu ¢alismada kullanilacak veri
toplama yontemine karar verilmistir. Avrupa Birligi’nin yapist iizerinde durulmustur.
Literatiir taramast dogrusal yontemleri kullanan g¢alismalar ve dogrusal olmayan
yontemleri kullanan ¢alismalar olmak {iizere iki boliimde gergeklestirilmistir.
Literatiir taramasindan Avrupa Bolgesi icin para talebi caligmalarinin ortak
ozellikleri, dogrusalsizligi temel alan c¢alismalarin azligi ve para talebi
fonksiyonunun bilesenlerinin uygulamali literatiirde dogrusalsizlik gosterdigi bu
nedenle para talebi fonksiyonununda dogrusalsizlik gosterebilmesinin yiiksek ihtimal

oldugu gibi sonuglara ulasilabilir.

Ucgiincii boliim tezin metodoloji kismini kapsamaktadir. Soyle ki, Avrupa Bolgesi
para talebi modellemesinde kullanilacak, dogrusal ¢ercevede VAR (Vector
Autoregression/Yoney Ardisik Bagimli Regresyon) ve VEC (Vector Error
Correction/Y0ney hata diizeltme) modelleri ve dogrusal olmayan g¢ergevede ise TAR
(Threshold autoregressive/Esik ardisik bagimli) modelleri sunulacaktir. Egbiitiinlesik
(Cointegrated) VAR modelleri verileri uzun ve kisa vadede aciklamakla birlikte,
belirli ekonomik kisitlarinda uygulanabilmesine olanak verir. TAR modellerinden
Ozellikle M-TAR esik esbiitiinlesim yontemine yer verilmistir. M-TAR tipi esik
esbiitlinlesim yontemi, inislerin ve ¢ikislarinin simetrik olmadigi ekonomik
degiskenlerde ve durumlardaki asimetrileri agiklamada daha basarili sonuglar
verebilmektedir. Sichel (1993)’de de belirtildigi gibi M-TAR modelleri serinin bir
yone sergiledigi asimetrik ivmeyi yakalamakta daha basarili olmaktadir. Ekonomide
siklikla ¢ikiglarin daha yavas inislerin ise daha keskin oldugu durumlara
rastlanmaktadir. Son olarak etki tepki analizlerinin dogrusal olmayan modellerdeki
uygulamasi 6zetlenmistir.
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Diger boliimde, dogrusal modelleme sonuglarina yer verilmistir. Bu kapsamda
Avrupa para talebi, GSYIH, enflasyon ve faiz oranlari degiskenleri VAR teknigi
kullanilarak modellenmistir. Eger degiskenler arasinda esbiitiinlesim (cointegration)
varsa, VAR modeli uzun donemde ve kisa donemdeki iliskiyi tahmin etmeye
yardimc1 olmaktadir. Bu baglamda, esbiitiinlesik VAR modelinde ekonomik teorinin
Oongordiigii hipotezler test edilmistir. Kisa donem modelleri tahmin edilerek, modelin
istikrarli olup olmadig1 incelenmistir. istikrarli bir model elde edildikten sonra,
modelin kisa ve orta donemdeki dinamikleri etki tepki analizi ile irdelenmistir.
Tahminler ekonomik teoriye aykir1 bazi sonuglar icermektedir. Soyle ki, etki tepki
analizlerinde GSYIH’ya verilen bir standart sapmalik sok, ilk donemlerde para
talebinde negatif yonlii bir etki yaratmaktadir, tahmin edilen kisa donemli para talebi
tahmin modelinde de, GSYIH degiskeninin katsayis1 pozitif fakat istatistiksel agidan
anlamsiz bulunmustur. Bu ekonomik teoriye gore agiklanamayan sonuglar, dogrusal
olmayan model ile teoriye daha Ortiisiir olarak aciklanabilmektedir. Para talebi
iligkisinin dogrusal olmamasi ve modelin yanlis modellenmesi bazi beklenmedik

tahminlere yol acabilmektedir.

Besinci boliimde ise para talebi iliskisinin dogrusal olup olmadigina bakilmistir. Bu
boliimiin amac1 dogrusal model ile dogrusal olmayan modeli karsilagtirmaktir. Bu
kapsamda oncelikle dogrusal modelden esbiitiinlesim vektorii (hata terimi, ECT) elde
edilir. Hata terimi bilindigi iizere, para talebi, GSYIH, enflasyon ve faiz oranlar
degiskenlerinin dogrusal bir fonksiyonundan elde edilmektedir. Her degiskenin ve
hata teriminin dogrusal oldugu test edildikten sonra ¢esitli esik degiskenlerine gore
dogrusal olmayan modeller tahmin edilmis ve en iyi model uzun donem hata
teriminin esik degiskeni olarak alindigi model bulunmustur. Rejim katsayilarinin
istatistiksel agidan anlamli farklilig1 da test edilerek anlamli sonucglara ulagilmistir.
Son olarak kisa ve orta donemdeki dinamik etkileri 6lgmeye yarayan etki tepki
analizi (IRF) yapilmis, dogrusal ve dogrusal olmayan modeller karsilastirildiginda
dogrusal olmayan modelin ekonomik agidan daha anlamli sonuglar verdigi
cikarimina ulasilmistir. Ayni1 zamanda, sadece istatistiksel agidan anlamh
degiskenlerden olusan M-TAR esik esbiitiinlesim modeli sonuglarina gére GSYIH,

para talebi iizerinde anlamli ve pozitif etkiye sahip bulunmustur.
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Para ve fiyatlar arasindaki uzun donemli iligki yiizyillardir para politikalar: literatiirii
icin popular bir konu olmustur. Para bilesenleri, Avrupa Merkez Bankasi1 (ECB) para
politikalar1 stratejilerinde de 6nemli bir yere sahiptir. Bunlardan ilki fiyat riskinin
kisa dénemde ekonomik analizlerde incelenmesidir. Ikincisi ise parasal analizlerde
fiyat istikrarinin orta ve uzun vadede siirekliligidir. M3 para bileseni, en azindan
uzun doénemli bir referans olarak, hala 6nemli bir role sahiptir (ECB, 2004a, s.64).
Para talebi literatiirii incelendiginde, ¢aligmalarin ana amacinin para talebi modelinin

istikrarliligini incelemek oldugu goriilmektedir.

Genel olarak para talebi ¢aligmalar Amerika ve Ingiltere’de yogunluk gdstermistir.
(Ornegin Amerika icin; Rose, 1985; Baba, Hendry ve Starr, 1992; Hendry ve
Ericsson, 1991b ve Mehra, 1997; Ingiltere icin ise Adam, 1991; Hendry ve Ericsson,
1991b; Hendry, 1995 calismalari incelenebilir). 1990larin baslarina kadar Amerika
para talebini inceleyen ¢alismalarda istikrarli bir iliskiye rastlanirken, daha sonra
istikrarlilik dzellikleri Amerika i¢in kaybolmaya baslamstir. Istikrarli bir model elde
etmek i¢in arastirmacilar cesitli yollar1 denemislerdir. Bunlar farkli agiklayici
degiskenler eklemek, farkli degiskenler arasinda esbiitiinlesim iligkilerini aragtirmak,
farkli tahmin yontemleri denemek, verilerin farkli zaman araliklarin1 denemek gibi
yollar olmustur. Farkli parasal bilesen tanimlari da modellenmistir, 6rnegin Ericsson
(1999) calismasinda, M1 parasal bileseni istikrarli bulunurken, M4 parasal bileseni
istikrarli bulunamamistir. Amerika i¢in, M2 parasal bileseni 1990lara kadar istikrarl
bir model sergilemektedir (Carlson ve Parrott, 1991; Duca, 1995; Whitesell, 1997).

Finansal gelismelere bagl olarak istikrarli iliski bozulmaya baglamistir.

Amerika ve Ingiltere’de oldugu kadar diger iilke ve bélgelerde de para talebi
caligmalar1 para politikalari i¢in 6nemli bir yere sahip olmustur. Avrupa Bolgesi’de
bunlardan en Onemlilerinden biridir. Bu literatlir taramasinda daha ¢ok Avrupa
Bolgesini kapsayan calismalara yer verilmistir. Fakat literatiirde Ispanya,
Yunanistan, Norveg, Finlandiya, Kanada, Cin, Tayvan, Japonya basta olmak iizere

bir ¢ok iilkeye ait ¢galigmalara rastlanabilir.

Avrupa Bolgesi para talebi caligmalarina gegmeden dnce Almanya iizerine yapilan

calismalar incelenebilir. Almanya’nin Avrupa Boélgesi ekonomik yapisi iizerindeki
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etkisi Avrupa Merkez Bankasi yapisinin Almanya Merkez Bankasi’na (Deutsche
Bundesbank) dayanmasindan da anlagilabilir. Avrupa Bolgesi yapisal olarak
Almanya ekonomisi temellerine dayanmaktadir. Bu nedenledir ki bazi calismalar®’,
1998 donemi Oncesinde Avrupa Bolgesi veri setini temsilen Almanya verisini
kullanmis ve anlamli, istikrarli sonuglara ulagmistir. Hem Almanya hem de Avrupa
Merkez Bankalar1 M3 para talebini hedef degiskeni olarak sectiklerinden, Almanya
icin yapilan ¢aligmalarda da genellikle M3 para talebi degiskeni modellenmistir
(Lutkepohl ve Wolters, 1999; Wolters, Terasvirta ve Litkepohl, 1998; Wolters ve
Litkepohl, 1997; Buscher ve Frowen, 1993; Hansen ve Kim, 1995). Lutkepohl,
Terasvirta ve Wolters (1999) caligmalarinda Almanya i¢in para talebini dogrusal
olmayan modelleme yontemi olan yumusak gecisli hata diizeltme modeli (Smooth
Transition Error Correction Model/STECM) kullanarak modellemislerdir. Bu
kapsamda, literatiirde MTAR esik esbiitiinlesim modeli kullanilarak Avrupa Bolgesi
para talebini modelleyen calismaya rastlanmamistir. Bu tez literatiirdeki bu eksigi

doldurmay1 amaglamaktadir.

Avrupa Bolgesi i¢in para talebini dogrusal olarak modelleyen caligmalarin ortak
ozelligi modelde istikrarlilik (stability) olup olmadigimi irdelemektir. Avrupa
Birligi’nin kurulmastyla, 90’11 yillarin sonundan itibaren Avrupa Bolgesi para talebi
caligmalarinin popiilerligi artmistir. Avrupa Bolgesi verisi 1999 yilindan itibaren
mevcut oldugundan, 1999 yili 6ncesi veri setine ulagsmak i¢cin Boliim 2.4’de detayh
anlatilan belli yontemlere gore, lilke verilerinden toplulastirilmis (aggregated)
Avrupa Bolgesi verisi elde edilmektedir. Bu toplulastirma yontemlerinin gesitli
avantaj ve dezavantajlar1 bulunmaktadir. Model sonuclari bazen toplulastirma

yontemine gore farklilik gosterebilmektedir.

Literatiirde, toplulastirilmis veri kullanilarak Avrupa Bolgesi icin para talebini
tahmin eden ilk calisma Kremers ve Lane (1990)% calismasidir. Kremers ve Lane
(1990) calismalarinda Avrupa Bolgesi i¢cin M1 para bilesenini 1979-1984 yillar1 i¢in

enflasyon, faiz oranlar1 ve doviz kurlar1 degiskenlerini kullanarak modellemisler ve

9 Ornek olarak Briiggemann ve Liitkepohl (2006) ¢alismas: goriilebilir.

% Kremers ve Lane (1990) caligmalarinda verilerine ulasilabilirliklerine gore, Belgika, Danimarka,
Fransa, Almanya, irlanda, italya ve Hollanda olmak iizere toplamda 7 iilkeyi kapsamuslardir.
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istikrarli bir iligkiye ulagsmislardir. Avrupa Merkez Bankas1 para politikalart M3 para
bileseni lizerine kurulu oldugundan ilgili ¢calismalarda genel olarak M3 para bileseni
Uzerine kuruludur. Coenen ve Vega (2001), Brand ve Cassola (2000), Hahn ve
Miiller (2000), Calza, Gerdesmeier ve Levy (2001), Golinelli ve Pastorello (2002),
Hayo (1999) ve Kontolemis (2002) ¢alismalar1t Avrupa Bolgesi M3 para bileseni i¢in
istikrarli bir iligki bulmuslardir. Bruggeman, Donati ve Warne (2003) 1981-2001
donemini kapsayan Avrupa Bolgesi M3 para bileseni igin istikrarli bir model
bulurken, toplulastirma yontemine de deginmislerdir. Filosa (1995) tiim Avrupa

Bolgesi yerine 6 Ulkeyi®® kapsayan calismasinda istikrarl para talebine ulasmustir.

M1 para bilesenini inceleyen g¢alismalarda bulunmakla birlikte (Fagan ve Henry,
1998; Hayo, 1999) Fagan ve Henry (1998) calismalarinda M1 para bileseni ile diger
degiskenler arasinda bir esbiitiinlesik (cointegrated) iliskiye rastlayamamislardir.
2001 sonrasinda yapilan bazi ¢aligmalarda para bilesenleri ile diger degiskenler
arasinda esbiitlinlesik iligskiye rastlanamamasi, istikrarl bir iliski bulunamamasinin

onemli nedenlerinden biri olarak belirtilmektedir.

Fakat, 2001°de Euro’nun fiilen de kullanima geg¢mesiyle, yapilan calismalarda
istikrarlilik  6zelligi kaybolmaya baslamistir (Dreger ve Wolters, 2010). Bu
nedenledir ki, yapilan calismalar degisik yaklasimlarla para talebini modellemeye
calismislardir. Bu farkli yaklasimlar, tahmin yontemleri, farkli agiklayici degiskenler
arasindaki esbiitiinlesim iliskileri, farkli periyodlar i¢cin modelleme yapmak, modele
degisik aciklayic1 degiskenler eklemek seklinde sayilabilir. Para talebini literatiirde
aciklanan temel aciklayici degiskenlerle (GSYIH/GSMH, enflasyon ve faizler)
modelleyerek 1980-2010 donemi igin istikrarli bulan bir ¢alismaya da literatiirde
rastlanamamistir. Bu baglamda, bu tez Avrupa Bolgesi para talebine dogrusal model

yaklasimu ile literatiirdeki bu eksigi doldurmay1 amaglamaktadir.

2001 sonrasinda yapilan ¢alismalarda genel olarak istikrarlilik 6zelliginin kaybolmus
goriinmesi, arastirmacilarin farkli degiskenleri modele dahil etmek gibi ¢oziimler
tiretmesine neden olmustur. Bu farkli degiskenler, servet (wealth), ev fiyatlari, finans

degiskenleri gibi degiskenlerdir. Zenginlesmenin, servet degiskeninin onemli bir

% lgili calisma, Belgika, Fransa, Almanya, italya, Hoolanda ve Birlesik Krallik olmak iizere 6 iilkeyi
kapsamaktadir.
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gostergesi olarak ev fiyatlar1 kullanilmigtir. Modele farkli degisken dahil etmenin
yant sira farkli tahmin yontemleri kullanilmistir. Arnold ve Roelands (2010) farkl
bir yontem secerek, para talebini 1999- 2008 dénemi icin panel veri analizi yontemi
ile modellemistir. Hamori ve Hamori (2008)’de ¢alismalarinda panel veri analizini
kullanarak M1, M2 ve M3 para bilesenleri i¢in istikrarl bir iliskiye ulagmistir. Diger
servet degiskenini kullanan caligsmalar arasinda Boone ve Noord (2008); Beyer
(2009) calismalar1 sayilabilir. Stok fiyatlar1 (Dreger ve Wolters, 2009, 2010) ve
esneklik (Carstensen, 2006) degiskenleri de para talebi modellenirken kullanilan
diger aciklayici degiskenler arasinda sayilabilir. Beyer (2009) ¢aligmasinda belirttigi
gibi, Avrupa Merkez Bankasi’nin hanehalki servet hareketleri iizerinde direkt bir
etkisi bulunmamaktadir. Bu nedenledir ki, hanehalk: serveti, hem uzun donemde hem
de kisa donemde, biiylime, enflasyon ve faiz oranlarnn degiskenleri ile
aciklanamamaktadir. Fase ve Winder (1998) 1971-1995 donemlerini kapsayan,
servetin M2 ve M3 (zerindeki etkisini 6lgmeyi amaglayan bir ¢alismadir. Servet
degiskenlerini kullanan diger bir ¢alisma Boone ve Noord (2008) calismasidir.
Calismalarinda ev ve stok fiyatlar1 ile serveti para talebi modelinde agiklayici
degisken olarak kullanmislardir. Greiber ve Setzer (2007) Avrupa Bolgesi ve
Amerika i¢in para talebi degiskeni ile ev fiyatlar1 arasinda esbiitiinlesik bir iligki

bulmuglardir.

Farkli agiklayic1 degiskenlerle para talebini modelleyerek istikrarli bir model elde
eden calismalarin yaninda, bazi c¢alismalarda da farkli aciklayict degiskenler
arasindaki esbiitiinlesik iligski arastirilmis ona gére model kurulmustur. Para talebi,
GSYIH, enflasyon ve faiz oranlar1 arasinda bir esbiitiinlesik iliski bulunurken, faiz
oranlar1 degiskeni digsal olarak alinarak, para talebi, GSYIH ve enflasyon orani

arasinda bir esbiitlinlesik iliski bulunarak istikrarli bir modele ulasilmistir.

Para talebi modeli panel veri analizinin yan1 sira hem sistem tahminleri hem de tek
denklem tahminleri ile modellenerek istikrarli bir iliski bulunmustur. Baz1 ¢alismalar
tek denklem hata dizeltme modeli (Error correction Model, ECM) ile para talebini
modellerken (Coenen ve Vega, 2001) digerleri sistem yaklasimi (Vector Error
Correction Model, VECM) ile modellemistir (Brand ve Cassola, 2000; Calza,
Gerdesmeier ve Levy, 2001; Hendry, 1995). Belke ve Czudaj (2010) tek denklem ve
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sistem tahminlerini karsilastirmis ve tek denklem yaklagiminda istikrarli bir iligki
bulabilmislerdir. Calza, Gerdesmeier ve Levy (2001) Avrupa Bolgesi i¢in M3 para
bileseninin tek denklem yaklasimi yerine sistem yaklasimi ile tahmin edilmesinin

uzun donem iligkileri kapsamak agisindan daha etkin olacagini 6nermislerdir.

Literatlr taramasma ikinci yaklasim, dogrusal olmayan zaman serisi modellerinin
para talebi ve diger baslica makroekonomik degiskenlere uygulanmasini
incelemektir. Bu kapsamda literatiirde rejim gecisli modeller diisiiniildiigii zaman ii¢
model akla gelmektedir. Bunlardan ilki esik kendiyle baglasimli model (threshold
autoregressive model, TAR) Tong (1977b) tarafindan sunulmus, Chan ve Tong
(1990), Tsay (1989) ve Hansen (1997) tarafindan gelistirilmistir. TAR modelleri,
igsel/digsal degisken ya da onlarin bir fonksiyonundan olusan esik degiskeninin
gecikmeli degerine gore keskin bir gecis icermektedir. TAR modellerinin Terasvirta
ve Anderson (1992); Granger ve Terasvirta (1994); Terasvirta (1994, 1996a, 1996)
tarafindan gelistirilen yumusak gecisli versiyonu, rejimler arasindaki keskin gegis
yerine yumusak gecise izin vermektedir. Ugiincii yaklasim ise Neftci (1982) ve
Hamilton (1989) tarafindan gelistirilen Markov gegisli (Markov Switching)
modellerdir. Markov ge¢isli modellerde rejimler arasindaki gegisler olasiliksal bir

fonksiyonla agiklanir.

Rejim ge¢isli modeller, makroekonomi de bir ¢ok modelde kendine uygulama alani
bulmustur. ilk olarak, TAR modeli baslicalar1 biiyiime, faiz oranlari, ddviz kurlari,
issizlik ve finans olmak iizere bir ¢ok modelde kullanilmaktadir. Gayri Safi Milli
Hasila (GSMH, GNP) popular bir uygulama alan1 olmustur. Beudry ve Koop (1993);
Potter (1995); Pesaran ve Potter (1997); Enders, Falk ve Siklos (2007); Tiao ve Tsay
(1994) GSMH degiskeninde asimetrik etkileri modelleyen 6nde gelen ¢alismalardir.

DOviz kuru degiskeni ¢aligmalarina 6rnek olarak Obstfeld ve Taylor (1997); Sarno,
Taylor ve Chowdhury (2004) calismalar1 verilebilir. Asimetrik etkileri gdsterilen
diger bir degisken issizlik oranlar1 degiskenidir. Hansen (1997), ABD i¢in issizlik
oranlarinda 1959-1996 donemi ig¢in asimetrik bir model tahmin etmistir. Diger

caligmalara 6rnek olarak, Rothman (1998) verilebilir.
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Faiz oranlari ve fiyatlar dogrusalsizligi modellenen diger degiskenlerdir. Tsay (1998)
coklu esik modeli yaklasimiyla ABD i¢in faiz oranlarii modellemis ve
dogrusalsizlik tespit etmistir. Wu ve Chen (2006) ingiltere ve Yeni Zelanda igin
fiyatlardaki asimetrik etkileri modellemisti. TAR modelleri finansda da
kullanilmaktadir (Cao ve Tsay, 1992). Temel makroekonomik degiskenlerin
asimetrik etkiler gosterdigi bir ekonomide, bu asimetrik degiskenleri igeren

modellerinde dogrusal olmayan yontemlerle tahmin edilmesi gerekmektedir.

Bu kapsamda, dogrusal olmayan modellerin para talebi fonksiyonlari iizerinde
uygulamasi incelenecek olursa, dogrusal modelde de oldugu gibi 0zellikle Amerika
ve Ingiltere iizerine yapilmis caligmalara rastlanabilir. Chen ve Wu (2005), Amerika
ve Ingiltere igin para talebini iistel yumusak gecisli (ESTR, Exponential smooth
transition) modeller ile tahmin etmistir. Yumusak gecise olanak sagladigindan
literatiirde STR modelleri tzerine daha ¢ok uygulama bulunabilir. Bunlar, Amerika
icin Haug ve Tam (2007); Sarno, Taylor ve Peel (2003) ¢alismalaridir. Ingiltere igin
Khadaroo (2003); Terasvirta ve Eliason (2001) ¢alismalar1 sayilabilir. Cesitli Avrupa
tilkelerinin para talebi fonksiyonlarindaki dogrusalsizligi modelleyen ¢aligmalar ise
Sarno (1999); Lutkepohl, Terasvirta ve Wolters (1999); Ordonez (2003)
caligmalaridir. Literatiirde, Avrupa Bolgesi i¢in para talebi dogrusalsizligimi
modelleyen sadece 2 c¢alismaya rastlanmistir. Bunlardan ilki Markov rejim modelini
kullanan Calza ve Zaghini (2006) c¢alismasidir. Calza ve Zaghini (2006)
calismalarinda M1 para talebi i¢in 1971:4-2003:3 donemini kapsamislar ve kisa
donem iliskiyi gosteren modelde dogrusalsizligi Markov rejim hata diizeltme modeli
(Markov Switching Error Correction Model) kullanarak analiz etmislerdir.
Literatiirde bulunan ikinci ¢calisma ise Dreger ve Wolters (2010) ¢alismasidir. Dreger
ve Wolters (2010) calismalarinda, 1983:1-2004:4 donemi icin TAR modelini
kullanarak M3 para talebi modelindeki dogrusalsizligi goéstermislerdir. Her iki
calismada tek denklem tahmin yaklasimini kullanmis, para talebini sistem tahmini ile
modellememistir. Avrupa Merkez Bankasi’nin M3 para talebini hedefledigi
disiintiliirse Calza ve Zaghini (2006) caligmalarinda M1 para talebinin

dogrusalsizligin1 géstermislerdir. Bu nedenle bu tez ¢aligsmasi, kapsadigi uzun dénem

172



(1980-2010), yontem (M-TAR tipi esik esbiitiinlesim metodu) para bileseni (M3)

degiskenleri diisiiniildiiglinde literatiir i¢in ilk olma 6zelligi tasimaktadir.

Literatlir taramas1 Ozetlenecek olursa, para politikalar1 ve politika yapicilar igin
istikrarli ya da en azindan Ongoriilebilir bir para talebi, GSYIH, enflasyon ve faiz
orani iligkisi 6nemlidir. Fakat para talebi modelinin istikrarlilik 6zelligi 2000°1i
yillardan sonra azalmaya baslamistir. Avrupa Bolgesinde yasanan ekonomik kriz ile
birlikte, 2007 yilindan sonra para talebi ¢aligmalar1 tekrar popular olmaya
baglamistir. Para politikalari ekonomiler i¢in oldukca énemli bir yere sahiptirler. Bu
nedenle ekonomik krizi ydnetmekte ve sonlandirmakta da etkisi goz ardi
edilmemelidir. Fakat 2001 yilinda Euro madeni para ve banknotlarin piyasaya
girigiyle beraber, para talebi modelleri de istikrarliligini kaybetmeye baslamistir. Bu
nedenle de literatiirdeki ¢aligmalar farkli yaklagimlarla istikrarlilik 6zelligine sahip
para talebi fonksiyonlari modellemeyi amacglamiglardir. Dogrusal olmayan literatiire
gore, bulgular iki sekilde 6zetlenebilir. Birincisi, para talebinin belirleyicileri, faiz
oranlari, biiyiime ve enflasyon degiskenleri dogrusalsizlik icermektedir. Ikincisi ise,
yapilan nadir Avrupa Bolgesi ¢aligmalarinin yaninda, Avrupa Bolgesi ekonomisine
yon veren Almanya para talebinde dogrusalsizlik goézlenmistir. Bu bulgular
cercevesinde M3 para talebi modelinde dogrusal olmayan bir iliski olabilecegi

hipotezi desteklenmektedir.

Avrupa Bolgesi M3 para talebinin, GSYIH, enflasyon ve faiz oranlar1 degiskenleri
ile dogrusal olmayan rejim gegisli modeller ile tahmin edilece§i hipotezi literatiir
tarafindan da desteklendikten sonra para talebi modeli 6nce dogrusal tahmin
yontemleriyle daha sonra da dogrusal olmayan yontemlerle modellenmis ve etki

tepki analizleri ile karsilastirma yapilmistir.

Ik olarak, dogrusal tahmin modelleri agiklanacak ve tahminler yorumlanacaktir.
Yoney kendiyle baglasim modeli (Vector autoregression model, VAR) ve yoney hata
diizeltme modeli (Vector error correction, VEC) igsel degiskenlerin birlikte
modellenmesine olanak saglayan modellerdir. Dogrusal Model Dongiisii soyle

Ozetlenebilir:
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VI.

VII.

VIII.

Oncelikle ekonomik teoriye uygun olarak model igin gereken degiskenleri

secerek y, vektori olusturulur.

Biitiin degiskenlerin I(1) seviyesinde birim koke sahip oldugunun testi i¢in
ADF, KPSS, Phillips-Perron birim kok testleri yapilir ve sonuglar yorumlanir.
VAR modeli gecikme degerinin derecesinin belirlenmesi i¢in model segme
olcutlerinden Akaike Bilgi Olgutii (Akaike Information Criteria, AIC),
Schwarz Bayesci Bilgi Olgitii (Schwarz Bayesian Information Criteria, SIC),
Olabilirlik Oran1 (Likelihood Ratio, LR) ve Hannan-Quinn Olgiitleri kullanilir.
VAR modeline gore golge degiskenlere karar verilir ve model tanisal test
sonugclar1 (diagnostic tests) analiz edilir.

Esbiitiinlesim kertesi (cointegration rank) ve tahminlerine karar verilir.
Esbiitiinlesim kertesinin sayis1 Johansen (1995) metoduna gore belirlenir.
Esbiitiinlesim iliskileri belirlenir ve esbiitiinlesim iligkilerine ekonomik teorinin
belirledigi kisitlar tanimlanir.

Uzun donem iligkiyi tahmin etmek i¢in VEC modeli tahmin edilir. Tutumlu
model (Parsimonious model) tahmin edilir. Tam Bilgi Encok Olabilirlik
Modeli (Full Information Maximum Likelihood Model, FIML) ile kisa donem
parametreleri tahmin edilir. Son olarak tiim model tanisal test sonuclari1 analiz
edilir.

Sonraki asama, modelin istikrarlilik 6zelliklerini CUSUM ve CUSUMSQ
sinamalari ile analiz etmektir.

Dogrusal modellemenin son asamasi ise etki tepki analizleri ile modeldeki
dinamik etkileri 6lgmek ve karsilastirmaktir. Etki tepki analizleri, bir degiskene
verilen sokun, kisa ve orta vadede, esbiitiinlesik sistemde diger igsel

degiskenlere nasil gectigini, etkiledigini géstermektedir.

Yukarida belirtilen dogrusal modelleme dongiisii ¢ergevesinde, Avrupa para talebi

dogrusal olarak modellenmis ve Bolim IV’de sunulmustur. Dogrusal model

sonuclarina gore Avrupa para talebi, GSYIH, enflasyon ve faiz oranlar1 arasinda

1980-2010 dénemi igin literatiiriin aksine istikrarli bir iliski bulunmustur. Oncelikle

literatiir tarandiginda, temel alinan ¢alismalarda, 6rnegin, Browne, Fagan ve Henry
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(1997); Goldfeld ve Sichel (1990); Fase (1993); Filosa (1995); Sriram (2001);
Yildirim (2003), para talebi, GSYIH, enflasyon ve faiz degiskenleri kullanilarak
modellenmistir. Bu baglamda, degiskenler belirlendikten sonra, veri setleri
diizenlenmistir. Faiz orami olarak, kisa donem faiz oranlarimi temsilen, 3 aylik
interbank kuru alinmistir. Literatiirde uzun donem faiz oranlarini temsilen ise 10
yillik hiikiimet bonolar1 alinmaktadir. Laidler (1971)’e gore, para talebi aciklanirken
uzun donem ve kisa donem faiz oranlarini icermekte sistematik agidan bir farklilik
bulunmamaktadir. Enflasyon olarak iiretici fiyat indekslerindeki (Producer Price
Indeks, PPI) yillik degisim ylizdesi alinmistir. PPI verisi Avrupa Merkez Bankasi
(ECB) veri tabanindan elde edilmistir. Veri elde etme asamasinda toplulastirma
sorunlarindan kaginmak amaciyla, Brand ve Cassola (2000) ¢alismasinda sunulan
veri seti, IFS (International Financial Statistics, Uluslararasi Finansal Istatistikler) ve

Avrupa Merkez Bankasi veri tabani kullanilmistir.

VAR modeli kurulmadan o6nce, ADF (Genisletilmis Dickey-Fuller istatistigi,
Augmented Dickey Fuller), Phillips-Perron ve KPSS birim kok testleri uygulanmis
ve biitlin degiskenlerin I(1) seviyesinde duragan oldugu sonucuna varilmistir. Daha
sonra birinci dereceden farklar alinarak uc¢ degerler incelendiginde, VAR modeline
dahil edilecek golge degiskenler belirlenmistir. Birinci dereceden fark grafiklerine
gbre, 2008 ekonomik krizi son aylarda etkisini gostermeye baslamaktadir.
Modelleme agamasinin diger bir asamasinda gecikme degerleri secilmistir. Gecikme
degerleri belirlenirken, En ¢ok olabilirlik (LR), Schwarz Bayesci Bilgi Olgiitii (SIC),
Akaike Bilgi Olgtii (AIC) ve Hannan-Quinn (HQ) Olgiitleri kullanilmistir. SIC ve
HQ olgiitlerine gore gecikme degeri 4 segilirken, LR ve AIC Oolgiitlerine gore
gecikme degeri 9 secilmistir. Tahmin edilen modellerin tanisal test sonuglarinin
karsilastirilmasi, serbestlik derecesinin diisiiriilmemesi ve veri kaybindan kaginilmasi
amaciyla modelin fazla gecikme degeri icermesinden kaginilmis ve modelin gecikme
degeri olarak 4 almmistir. Oncelikle VAR modeli tahmin edilmis ve modele gore
golge degiskenlere karar verilmistir. Alinan golge degiskenler VEC modelde ve
karsilastirma kolaylig1 olmasi agisindan da dogrusal olmayan esik VEC modelde de

modele dahil edilmistir. VAR modeli tanisal test sonuglarina gére modelde herhangi
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bir ardisik bagimlilik (AR, auto regression), degisen varyans (heteroscedasticity) ve

normallik problemlerine rastlanmamustir.

Sonraki asama esbiitiinlesim analizidir. Esbiitiinlesim analizi Johansen (1995)
yaklagimina gore igsel degiskenler olan, para talebi, GSYIH, enflasyon ve faiz orani
degiskenleri arasindaki iliskiyi aragtirmaktadir. Test sonuglarina gére dort degisken
arasinda bir esbiitiinlesik iliski bulunmustur. Igsel degiskenler esbiitiinlesik
oldugunda modelde hata diizeltme terimi de igerilir ki, elde edilen yeni modele hata
diizeltme modeli (ECM, error correction model) adi verilir. VEC modelde ekonomik
teorinin onerdigi kisitlar modele dahil edilmistir. ilgili kisitlar sirasiyla, gelir,
enflasyon ve faiz oranlari degiskenlerinin zayif dissal olusudur. ikinci kisit para
talebinin gelir esnekligini kapsarken, son kisit fiyatlarin homojenligidir. Eger zayif
dissallik hipotezi red edilemez ise esbiitiinlesim vektorii, GSYIH, enflasyon ve faiz
oranlar1 degiskenlerinin kisa donem tahmin modellerinde goriinmeyecektir. Bu
baglamda uygulanan testlere gore, zayif digsallik hipotezi red edilemezken, bireysel
olarak test sonuclarinda da ilgili degiskenlerin zayif dissal oldugu sonucuna
varilmigtir. Birim gelir esnekligi ve fiyatlarin homojenligi hipotezleri istatistiksel

agidan anlamsiz bulunarak red edilmistir.

Bu baglamda, elde edilen uzun dénem tahmin sonuglarina gére, para talebi, GSYIH
arasinda pozitif yonlii, para talebi ile enflasyon ve faiz oranlar1 arasinda negatif yonlii
uzun donem iligki bulunmustur. Para talebinin gelir esnekligi 2.07 bulunurken,
goreceli olarak yiiksek bulunan bu esneklik literatiir ile karsilastirildiginda Avrupa
para talebi i¢in 2001 sonrasi donem igerildiginde gelir esnekliginin yiikseldigi
bulgusuna ulasilir. Soyle ki, Dreger ve Wolters (2010) calismalarinda Avrupa
Bolgesi igin para talebini tahmin etmisler ve 2002’ye kadar olan veri setini
kullandiklarinda para talebinin uzun donem gelir esnekligini 1.292 bulurken, veri
setlerini 2007’ye kadar uzattiklarinda para talebinin uzun donem gelir esnekligini
2.976 bulmaktadirlar. Literatiirde Ornek verilecek olursa, Yildirnrm (1997)
calismasinda Almanya i¢in yapilan arastirmada, gelir esnekligi 2.21 bulunurken
Avrupa Bolgesi icin 1.77 bulunmustur. Avrupa Bolgesi i¢in yapilan ¢aligmalar, para

talebinin uzun donem gelir esnekligini birim esneklikden yiiksek 2’ye yakin
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bulmaktadir (Ornegin, Dregers, Reimers ve Roffia, 2007; de Santis, Favero ve
Roffia, 2008).

Uzun donem tahmin modellerinden sonra, FIML model tahminleri ile kisa donem
iliski modellenmistir. Elde edilen kisa donem model tahminlerine gore, para talebi
modelinde hata diizeltme terimi (ECT, error correction term) -0.130 ve istatistiksel
acidan anlamli bulunmustur. -0.130 olan hata diizeltme katsayisi, modeldeki
herhangi bir donemde dengeden sapmanin 1 ¢eyrekte %13 linilin diizeltilerek modelin
yaklasik olarak 2 yilda dengeye gelecegini gostermektedir. Hata diizelteme teriminin
katsayis1 da, literatiirde yapilan calismalarda gosterilmektedir ki, 2001 yil1 sonrasin
iceren caligmalarda goreceli olarak daha diisiik bulunmaktadir. Yapilan bu ¢alismada,
elde edilen dogrusal modelde hata diizeltme terimi literatiirdeki bazi ¢alismalardan
yiiksek bulunmustur.'® Kisa dénem para talebi tahmin modelinde goze ¢arpan bir
diger bulgu ise, GSYIH degiskeninin katsayisinin pozitif fakat istatistiksel agidan
anlamsiz bulunmasidir. Bu ekonomik teoriyle c¢elisen sonug, modelin dogrusalsizlik
icerirken dogrusal tahmin yoOntemleriyle modellenmesinden kaynaklanabilir.
Nitekim, dogrusal olmayan tahmin sonuglar1 ekonomik teoriye daha uyumlu sonuglar
vermektedir. Tahmin edilen kisa donem faiz oran1 modeline gore, faiz oranlar
sadece kendi gecikmeli degerinden etkilenmektedir. Bu bulgu géstermektedir ki, faiz
orant degiskeni dissal olarak alinabilir. Faiz degiskeni dissal olarak alimarak FIML
modelleri tekrar tahmin edildiginde, elde edilen yeni model katsayilarinda isaret ve
biiyiikliik agisindan anlamli bir farklilik gozlenmemistir. Modele uygulanan tanisal
test sonuglarina gore de ardistk bagimlilik, normallik ve degisen varyans gibi

sorunlara rastlanmamustir.

Dogrusal modelleme siirecinde diger bir agama, istikrarlilik testi sonuglaridir. Daha
Onceden de belirtildigi gibi, dogrusal para talebi literatiiriiniin asil amaci, para talebi
modelinde istikrarli bir iligki elde etmektir. Bu istikrarli iligki para politikalar1 ve
ekonomi i¢in de Onem tasimaktadir. CUSUM ve CUSUMSQ istikrarlilik testi
sonuglarina gore 1980-2010 donemi Avrupa para talebi modeli istikrarl

bulunmustur. Son olarak, dogrusal modellemenin son asamasinda etki tepki analizi

190 Brnek olarak; Kremers ve Lane (1990), Fase ve Winder (1993), Monticelli ve Strauss-Kahn
(1993), Coenen ve Vega (2001), Golinelli ve Pastorello (2002) ¢alismalari incelenebilir.
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ile kisa ve orta vadedeki dinamikler analiz edilmistir. Etki tepki analizleri VAR ve
VEC modelllerinin politika analizlerinde kullanilmasini kolaylastirir. Degiskenlere
gelen soklarin sistemdeki etkisini 6lgmektedir. Her degisken icin, 1 standart sapmalik
sokun ilgili degiskene etkisi analiz edildiginde, GSYIH degiskenine gelen 1 standart
sapmalik sok para talebi degiskeninde ilk periyotlarda negatif bir etki yaratmaktadir.
Ekonomik teoriyle de ¢elisen bu sonug, dogrusal olmayan modeller ile
karsilastirilacaktir. FIML kisa donem tahminlerinde goriildiigii gibi, faiz orani sadece
kendi gecikmeli degerinden etkilenmektedir. Etki tepki analizlerinden de
goriilebilecegi gibi, faiz degiskeninin diger degiskenlere verilen soklara tepkisi
anlamli goriinmemektedir. Bu durumda, faiz oraninin dissal olarak alindigi 3 igsel
degiskenli model i¢in etki tepki analizileri tekrarlanmis ve ©Onceki etki tepki

analizilerine benzer sonuglar elde edilmistir.

Tezin ana amaci Avrupa para talebi modelini dogrusal ve dogrusal olmayan
cergevede karsilagtirmak oldugundan, bu amag¢ dogrultusunda, dogrusal model
tahminlerinin ardindan, dogrusal olmayan modeller tahmin edilmistir. Dogrusal
olmayan modellerde Onceden belirtildigi gibi Momentum-TAR tipi esik
esbiitlinlesim (M-TAR type threshold cointegration) modeli uygulanmistir.
Ekonomik veriler krizler/soklara agik verilerdir. Momentum modelin en Onemli
0zelligi, modeldeki soklara verilen farkli tepkileri 1y1 kapsamasidir. Ciinkii ekonomik
verilerde inisler ve ¢ikislardaki salinimlar simetrik olmayabilir. Yani, bir ekonomide
resesyon ve biiylime donemlerinde bir degiskenin yiikselisi ve diislisii simetrik
olmayacaktir. Momentum model bu asimetrileri kapsamada etkin olmaktadir. TAR
modelde belirlenen esik degiskeni Momentum TAR modeli i¢in farki alinarak
olusturulan yeni esik degiskeni olarak degistirilir. MTAR modelinin detaylar1 ve
uygulamas1 Enders ve Granger (1998); Enders ve Siklos (2001); Ocal ve Yildirim
(2009) calismalarinda incelenebilir. Kullanilan esik degiskeni icin belirlenen esik
degeri, sifirin yaninda baska degerde alabilir. Esik degeri Chan (1993) metoduyla
etkin sonucu veren degeri almak suretiyle secilir. Bu cercevede, calismadaki

dogrusal olmayan model tahmini prosediirii asagidaki gibi siralanabilir:

I.  Esbiitiinlesim vektoriiniin birinci dereceden gecikmeli degeri dogrusal VAR
modelinden elde edilir. Esik degiskeni olarak esbiitiinlesim vektoriiniin
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kullanildigi, rejimler arasinda sadece uzun donem diizeltme katsayilarinin
degistigi varsayimiyla esik VEC (Threshold VEC, TVEC) modeli tahmin
edilir.

I. asama tekrarlanarak, bu kez rejimler arast hem kisa hem uzun dénemde
modeldeki tiim dinamiklerin degismesine izin veren model tahmin edilir.

I. ve II. asamalar tekrarlanarak, esbiitiinlesme vektoriiniin ilk gecikme degeri
yaninda, onun bilesenleri, para talebi, GSYIH, enflasyon ve faiz oranlari
degiskenlerinin her biri tek tek esik degiskeni olarak alinir. Bu modeller
sadece uzun donem diizeltme katsayilarmin degistigi ve hem uzun dénem
hem de kisa donem katsayilarinin degistigi varsayimlari altinda tahmin edilir.
Model se¢me Olgiitleri, AIC, SIC ve SSR (kalint1 kareleri toplami1) degerleri
karsilastirilarak en iyi model segilir.

Son asama etki tepki analizlerinin hesaplanarak, sisteme gelen bir sok
sonucunda meydana gelen dinamiklerin yorumlanmasidir. Bu kapsamda,
Genellestirilmis Etki Tepki Analizleri (Generalized Impulse Responses,
GIRFs) kullanilmistir. Burada iki farkli yaklagim izlenmistir. Ilkinde model,
esik degerinin alt1 ve esik degerinin iizeri olmak {iizere ikiye ayrilmistir. Her
rejim i¢in para talebi modeli tahmin edilmis ve ayr1 ayr1 GIRF analizleri
yapilmistir. Diger bir yaklagim, simulasyon yontemidir. Simulasyon yontemi
rejimin herhangi bir sokta, birinden digerine gegmesine olanak saglar, Bu da

GIRFlerin hem {ist hem de alt rejimlerdeki soklar1 kapsamasini saglar.

Bu kapsamda, oncelikle dogrusal VAR modelinden esbiitiinlesme vektoriiniin ilk

gecikmeli degerleri elde edilip esik degisken olarak alinan TVEC modeli tahmin

edilmistir. Bu modelde cesitli varsayimlar kullanilmustir. ilk varsayim rejimler arasi

sadece uzun donem Kkatsayilarinin degistigi varsayrmidir. ikinci varsayim ise, hem

uzun donem hem de kisa donem olmak iizere rejimler arasi iki ayri model elde eden

yaklasimdir. Ayn1 varsayimlarla, esik degiskenini diger degiskenlerden alan

modellerde tahmin edilmistir. En sonunda tiim modeller karsilastirildiginda, model

se¢me Olciitlerine gore en 1yi model, esbiitiinlesme vektoriiniin ilk gecikmis degerinin

esik degiskeni olarak alindigi ve sadece uzun donem diizeltme katsayilarinin

degisiklik gosterdigi model olarak se¢ilmistir. Bu nedenle bu ¢alismada sadece bu
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model sunulmus, diger modeller sunulmamistir. Esbiitiinlesme vektord, tim
degiskenlerin dogrusal bir fonksiyonu oldugundan, tiim degiskenlerdeki dinamikleri

yansitacaktir.

Elde edilen tahmin sonuclari sunuldugunda, Enders ve Granger (1998)
calismasindaki 4 tahmin yaklasimi uygulanmistir. Oncelikle esik degiskeni olarak,
esbiitiinlesim vektoriiniin ilk gecikmeli degeri ve esik degeri olarak da 0 degeri
almmistir (TAR model). Ikinci modelde, esik degeri olarak Chan (1993)’e gore
tutarli bir esik degeri tahmin edilip, ilgili deger alinmistir (Tutatli TAR modeli).
Uclincti yaklasim, esik degiskeni olarak esbiitiinlesim vektdriiniin ilk gecikmeli
degerinin farkinin alindigi, esik degeri olarak ise 0 degerinin alindig1 yaklasimdir
(M-TAR modeli). Son ve en 6nemli model ise esik degeri olarak, Chan (1993)’e gére
tutarl bir esik degerinin tahmin edildigi modeldir (Turarli M-TAR modeli). M-TAR
modeli sonuglarina gore, tahmin edilen esik degeri, -0.00224 olarak bulunmustur. Bu
esik degerinin lizeri iist rejimi, asagis1 alt rejimi gostermektedir. Her iki rejim i¢in de
uzun donem dizeltme katsayilar1 negatif ve istatistiksel agidan anlamlidir. Negatif
olmas1 modelin bir sok karsisinda dengeye gelebildigini gosterir. Ust rejim icin -
0.0907, alt rejim igin -0.107 bulunan diizeltme katsayilarinin anlaml farklilig: test
edilmis ve istatistiksel agidan da 2 rejim birbirinden farkli bulunmustur. Rejimler icin
diizeltme katsayilar1 dogrusal modele ¢ok yakin olmakla birlikte, sadece istatistiksel
acidan anlamli katsayilarin oldugu indirgenmis model hesaplanmustir. indirgenmis
modelde, iist rejim katsayis1 -0.05, alt rejim katsayist ise -0.11 olarak bulunmustur.
Ust rejim igin katsaymin anlamlilig: da daha diisiiktiir (p degeri daha yiiksektir). Bu
model gostermektedir ki, ekonomi iist rejimde oldugunda sisteme gelen bir sokun
tamir edilip, dengeye doniilmesi ¢cok uzun zaman alacak fakat ekonomi alt rejimde
ise sisteme gelen bir soku tamir edip dengeye geri gelmek yaklagik 2 yili alacaktir.
Sistemin tekrar dengeye doniisii ekonomi iist rejimdeyse 5 yili bulmaktadir. Etki
tepki analizlerinin ilk yaklasimi olan, iist ve alt rejim i¢in farkli IRF hesaplama
yaklagimina gore, alt rejime gelen soklar daha kisa siirede yok olurken, iist rejime
gelen soklarin etkisi daha uzun siirmektedir. Goze g¢arpan en Onemli bulgu, iist
rejimde GSYIH degiskenine gelen sok etkisi, para talebinde negatif tepki

olustururken, alt rejimde pozitif tepki olusturmaktadir. Benzer sonuglar simulasyon
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yontemiyle elde edilen GIRF analizlerinde de gozlemlenebilmektedir. Dogrusal ve
dogrusal olmayan etki tepki analizleri sonuglar1 karsilastirildiginda, GSYIH ve
enflasyon analizlerinin ekonomik teoriye daha uygun sonuglar verdigi sdylenebilir.
Etki tepki analizlerinde, dogrusal VEC ve esik VEC modelleri karsilastirildiginda,
isaret ve biiyliklik acisindan c¢ok farketmemekle birlikte soklarin etkisi dogrusal
olmayan modelde daha ¢abuk yok olmaktadir. GSYIH degiskenine gelen 1 standart
sapmalik soka para talebinin tepkisini pozitif veren GIRF analizi sonuglari ekonomik

teori tarafindan da aciklanabilmektedir.

Sonug olarak tiim bulgular ve ¢alismanin amaci 6zetlenecek olursa, bu ¢alisma uzun
bir dénem olan 1980-2010 dénemi icin Avrupa para talebini, GSYIH, enflasyon ve
faiz oranlar degiskenleri ile modellemistir. Tezin temel amaci bu iligskiyi dogrusal ve
dogrusal olmayan modeller ¢er¢evesinde tahmin edip karsilastirmaktir. Bu kapsamda
dogrusal VEC ve esik VEC (TVEC) modelleri tahmin edilmis ve etki tepki analizleri
karsilastirilmistir. Elde ettigi bulgular cergevesinde, bu tez calismasi 1980-2010
donemi i¢in Avrupa para talebini geleneksel degiskenlerle modelleyen ve istikrarli
bir iliski bulan ilk ¢alisma olmustur. Ayni1 zamanda M-TAR esik esbiitiinlesim sistem
modeli yaklagimiyla Avrupa para talebini modelleyen ilk ¢alisma olma 6zelligi ile
Avrupa para talebinin dogrusal olmayan modellerle, dogrusal modellere gore daha
iyl aciklanabilecegini vurgulamistir. Calismada M-TAR TVEC modeli yaklagimi
kullanilmasimin yaninda, ileriki arastirma planlar1 kapsaminda calisma Yumusak

gecisli VEC (Smooth transition VEC) modeli kullanilarak genisletilecektir.
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APPENDIX D

TEZ FOTOKOPISIi iZiN FORMU

ENSTITU

Fen Bilimleri Enstitusu

Sosyal Bilimler Enstitiisu X

Uygulamali Matematik Enstitiisii I:I

Enformatik Enstittisi |:|

Deniz Bilimleri Enstitisu

YAZARIN

Soyadi : KORUCU GUMUSOGLU
Adi : NEBILE

Bolimi : IKTISAT

TEZIN _ADI (ingilizce) : “MODELLING NONLINEARITIES IN
EUROPEAN MONEY DEMAND: AN APPLICATION OF THRESHOLD
COINTEGRATION MODEL”

TEZIN TURU : Yiksek Lisans Doktora X

. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi aliabilir.

. Tezimin igindekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir
boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

. Tezimden bir (1) yil siireyle fotokopi alinamaz. X

TEZIN KUTUPHANEYE TESLIM TARIHI:
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