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ABSTRACT

REVISITING THE FISHER EFFECT FOR DEVELOPED AND
DEVELOPING COUNTRIES:
A BOUNDS TEST APPROACH

Baci, Duygu

M.S., Department of Economics
Supervisor: Assist. Prof. Dr. Elif Akbostanci
April 2007, 92 pages

This study investigates the Fisher Effect for a samplemfdeveloped
countries and ten developing countries. The study examirdegher the
nominal interest rate adjusts to the expected inflatda in the long run. The
distinction between the developed countries and devejopountries also
enables to identify special conditions under which Figféact is more likely
to hold. To analyze the long run relationship betweemdtminal interest rate
and expected inflation rate, Bounds test approach of Pesarah (2001) is
utilized. Estimation results show that the adjustnmedntominal interest rate
to expected inflation is encountered mostly for the dg@metpcountries which

have inflationary history in their economies.

Keywords: Fisher Effect, Bounds Test Approach, Devel@getDeveloping

Countries
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GELISMIS VE GELISMEKTE OLAN ULKELER ICIN FISHER
ETKISININ ARASTIRILMASI:
SINIR TEST YAKLA SIMI

Baci, Duygu

Yiksek Lisansjktisat Bolimu
Tez Yoneticisi: Yrd. Dog. Dr. Elif Akbostanci
Nisan 2007, 92 sayfa

Bu calsmada, Fisher Etkisi on tane getis ve on tane galmekte
olan tlkede incelenntir. Calismada, uzun donemde, nominal faiz oranlarinin
beklenen enflasyonla uyumlu olup olmadincelemektedir. Gelmis llke ve
gelismekte olan Ulkeler acisindan Fisher Etkisinin siardmasi, Fisher
Etkisinin hangi keullar altinda gecerli oldtunu belirleme imkani da tanir.
Nominal faiz haddi ile beklenen enflasyon orani arasindigkiyi incelemek
icin Pesaran vd. (2001) gglrdigi Sinir testi yaklamindan yararlanilngtir.
Tahmin sonuglari, daha c¢ok enflasyonist gegmi olan gelsmekte olan
ulkelerde nominal faiz oranini enflasyon beklentilerine myag&ladigini
gbstermektedir.

Anahtar Kelimeler: Fisher Etkisi, Sinir Testi Yaklai, Gelsmis ve
Gelismekte Olan Ulkeler
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CHAPTER 1

INTRODUCTION

Understanding the origins of the fluctuations in interatés has been
critical not only for the theoretical macroeconontcs also for the monetary
policy issues. Interest rate is an important variable macroeconomists
because it links the economy of the today and the ecpradnthe future
through its effects on saving and investment decisions. rHi&fect explains
why the interest rates rise and fall with the chamgeise purchasing power of
money. It states that the nominal interest rateistmsf the real interest rate
and compensation for expected inflation rate since saMemvestors expect
compensation for the reduction in value of nominal moneycfasing
power) caused by inflation (Smant, 2004). To put it in fedeht way; interest
rate reflects market information regarding expected changyee purchasing
power of money or future inflation (Alkhazali, 1997).

Policy implications of the Fisher Effect can be denu@ted in many
ways. Movements in interest rate primarily reflelcicfuations in expected
inflation rate, so they become signals of the futurtatioin. Fisher relation
would imply that interest rates are good indicators oflationary
expectations. Additionally, whenever the increases in itiationary
expectations do not get fully incorporated in nominal egerrates, the
government may have motivation to run debt-financed fistalficits.
Accordingly, in an economy where the Fisher Effectsdoet hold, the real



cost of public sector debt will diminish. Finally in sormentral theoretical
models of the economic literature, like the neoctadsigrowth model
stationarity of the real interest rates is assuniéerefore, testing the Fisher
Effect is crucial in this respect as well. Absence mé-t0-one adjustment of
nominal interest rate to expected inflation rates, k&sher Effect will
challenge some basic models of the economic theory.

The Fisher Effect has been the subject of a vasaiisz. Abundant
empirical analyses have tested the Fisher hypotrespgcially for developed
countries. From the beginning, tests of Fisher Effegtyconflicting results.
Fisher’'s (1930) own research established that the thedsyif practice; he
found that the nominal interest rate and inflation i@denot correlate well.
However, studies in the 1970s support the Fisher Effectiwting that the
nominal interest rates accommodate changes in inflatit;n On the other
hand, studies in the 80’s like Mishkin (1981) and Rose (1988)amticat with
this conclusion (Smant, 20d4)Recent developments in the time series
econometrics i.e. unit roots, and cointegration and tharacement of the
rational expectations theory and efficient market theprovide new
perspectives to the relationship between the nominarest rate and expected
inflation. Nevertheless, it remains to be a contreiissue. Whether the real
interest rate moves with the expected inflation ratanisopen question. In
general, it appears that the conclusions regarding the rFisfiect are

sensitive to the time period, to the country and tdebblnique used.

In this study, we concentrate on the effect of thation rate on the
nominal interest rate, as this is the crux of thénériEffect hypothesis. We
test the Fisher Effect hypothesis by employing a regeptpularized
cointegration analysis; the Autoregressive Distributegl (8RDL) approach.

With the help of this approach we will determine whethere is evidence of

! See Fama (1974), Fama & Gibbons (1982), Fama & Schwert (28@6)evi and Makin
(1979) for more details.



relationship between nominal interest rate and expecté&diaomf rate in the
long run for twenty countries. Ten of these countaes developed ones
which are Canada, Denmark, Finland, France, Germany, Jehan, Norway,
the United Kingdom and the United States. The rest of desntre
developing ones, which are Argentina, Brazil, Chile, IntBeael, Malaysia,
Mexico, Singapore, South Korea and Turkey. The data amtegyaand span
the period of 1985:01-2006:3.

This study makes a couple of contributions to the liteea First, the
relationship between the nominal interest rate and ¢ggeaflation is tried to
investigate by recently developed cointegration method, botesksng
approach suggested by Pesaran et. al. (2001). This testing dpjsreaperior
to the other methods for analyzing the long run relatiehen the variables
are mixed order of integration. Secondly, this multi-¢douanalysis enables
us to differentiate the effects of the expected inflatiate on the nominal
interest rate between the developed countries and dewglopuntries which
have relatively high and volatile inflation. In othgords, another aim of this
study is to see whether the monetary policy is abléfeatahe real side of the
economy especially for the developing countries thee tagh inflation rates.
Thirdly, this study updates the previous multi-country Fidkiéect studies in
terms of the time span.

The rest of the paper is outlined as follows. Chaptgszribes a brief
summary of the literature on Fisher Effect from éhr@erspectives:
Importance and implications of Fisher Effect, emgpairicfindings for
developed countries and empirical findings for developing tcmsn Chapter
3 gives general information about the analytical frapvdwof ARDL
approach to cointegration. Chapter 4 discusses the pespeftihe data used.
Chapter 5 displays empirical results and presents agpsaalf the regression
results. Finally, chapter 6 summarizes the study by g&ingr some

conclusions.



CHAPTER 2

THE LITERATURE ON FISHER EFFECT

In this chapter, first, the theory of Fisher Effentlats importance and
implications will be discussed. Then, some empirstaldies of the Fisher
hypothesis will be presented. Studies on Fisher Effectbeaalassified into
two; studies for developed countries that faced with Ioflation and those
for developing countries that faced with high inflation.

2.1 Fisher Effect: Theory, Importance and Implications

Nominal interest rates and inflation are two of th@amant variables
of the monetary policy. The relationship between tidtaary expectations
and the nominal interest rate is explained by two effethese effects are
liquidity and Fisher effects. The first one, the lgjty effect, relies on the
agents’ preferences to hold cash balances in responsestia inflationary
expectations. More explicitly, a rise in inflationagypectation increases the
cost of holding cash balances and decreases agentstivesefor liquidity,
and demand for financial assets increases. Subsequéetiycreased supply
of loanable funds decreases the price of credit, wisicha real interest rate
(Fahmy and Kandil, 2003). The second one, the Fisher Effetdrmines the
necessary inflationary premium to compensate investorsthe cost of
inflation. An inflation premium is added to the reateirest rate to hedge



against inflation which also guarantees investors that ek ipfiation does
not offset their return.

When we look at the liquidity and Fisher effects, ahbr inflation
rates as expected inflation increases, Fisher Effecinddes liquidity effect
(Fisher, 1930). In addition, as the maturity of secwritiereases, Fahmy and
Kandil (2003) argue that Fisher Effect dominates the ioglship between
inflationary expectations and nominal interest fate.

Fisher (1930) states that in the long run equilibriurahange in the
rate of growth of money supply leads to a fully peragighange in inflation
rate and an adjustment of the nominal interest ratksrefore, changes in
inflation will be absorbed in nominal interest ratlesving real interest rate
constant. But this constancy in real interest ratesdoet mean an
“unconditional constancy” (Kesriyeli, 1994). In othernds, Fisher Effect is
the co-movement of the nominal interest rates ancexpected inflation. In
addition, there exists a one-to-one relationship betweesetvariables. The
important question is that whether there is any eviddmatereal interest rates
move in response to expected inflation (Kesriyeli, 1994)s Tifian open
guestion.

From the theoretical perspective, following Granvilled aallick
(2004), the Fisher relation can be shown as follows;

i,, is the nominal interest rafg,, is the inflation rate, and,, is the

ex-post real interest rate, than we can write:

147 = 1+i,

R

(1)

! Similar evidence on the vanishing liquidity effect isgented by Melvin (1983).
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Solving forr,:

r _it_l_lt
=t
1+11,

(2)
Ignoring the denominator and assuming constantimegiest rates, an ex-ante

definition that inflation expectationf;, determine the nominal interest rate

pt 1

as ?

i, =r+[]; (3)

In this equilibrium, right hand side variables amet observable;
therefore this relation is not estimable. Assumefficient markets (Fama,
1975), the observed inflation can be decomposeditatexpected component

and a forecast errar,, orthogonal to all information at t:

[, =T1; +u, 4)
where,E(u )= 0, E(u?)=67 , E(uu,)=0 DOs#t.

Rewriting this in a regression framework:
i, =a+ B[, +e (5)

The nominal interest rate is decomposed into twibssp#he expected
inflation rate and the ex-ante real interest ratehe equation (5), coefficient

a should capture the average real interest rateeand the error that is a

linear combination of a “rational” forecast erracaunting for the difference

2 According to Garcia (1993) due to non-linearities intdrtsi the calculations of the real
interest rate and the use of the linear expectation apetiae Fisher effect under uncertainty
holds only as an approximation. The cross effect is asdtionbe irrelevant.
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between actual and expected inflation. A usual testefikher Effect will

test thata is constant ang3 is equal to one, which is also called the “Full

Fisher Effect” by Mishkin (1991).

Estimation of the last equation by using OLS (or by anyeroth
methods) and finding significant coefficients, give inttresults for the
existence of Fisher relation. However as Granger agatbdld (1974) and
Phillips (1986) draw attention, if there exist stochaseads in the variables
of a regression, the results may be spurious. Theredareintegration test for
a common trend in inflation and interest rates is neéal@pply.

Before moving into the empirical literature, it is wodiscussing the
implications of Fisher Effect and implied stationamtfythe real interest rates
in macroeconomics.

Interest rates are important variables for macroewisis because
they link the economy of today and the economy of theréuthrough their
effects on saving and investment decisions.

According to monetary neutrality principle, an inceeas the rate of
money growth raises the rate of inflation but doesafieict any real variable.
In the application of this principle Fisher Effect hypothe&®ncerns the effect
of money on interest rates. A Full Fisher Effecttie long run implies
monetary super-neutrality and no money illusion. Thisegtant means that
the real interest rates are determined solely by thgina productivity of
capital, the rate of time preferences and the degreeistf aversion
(Christopoulos and Leon-Ledasma, 2005). Main objectivestirig the Fisher
Effect is to determine whether the real rate of edemill be influenced by

the monetary policy or not.

Another implication of the Fisher Effect is thahet movements in
interest rates primarily reflect fluctuations in expdcteflation, so they
become signals of the future inflation. That is; Fistedation would imply



that interest rates are good indicators of inflatigrexpectations.

The conclusion of the test of Fisher Effect carraa®ther policy
implication: If increases in inflationary expectatiom® not get fully
incorporated in nominal interest rates, the governmenthaag motivation to
run debt-financed fiscal deficits. That is in an econavhgre Fisher equation
does not hold, the real cost of debt of the governmeetos will diminish.

This issue is particularly relevant for highly inflataoy economies.

Economic theory generally assumes that real interasts follow
stationary processes. For instance, the canonicalassical growth model
with explicitly optimizing, indefinitely lived agents, prases a stationary real
interest rate behavior. According to canonical growtdet, the steady-state

real interest rate is constant.

Following Barro (1981), Rapach and Weber (2004) give theotletica
explanations about the requirement of stationary néatest rate:

“...consider a permanent tax-financed increase in government
purchases. Household experiences a permanent reductien in th
present value of their lifetime wealth equal to presahte of

the permanent increase in government purchases. Households,
thus, decrease their consumption in each period by anramou
equal to the increase in government purchases each period,
leaving the steady-state capital stock and real irtenage
unchanged. While a temporary change in government
purchases can affect the real interest rate in tm®meal
growth model, the effect will only be temporary, so tta
steady- state real interest rate is still unchanged.”

Moreover, stationarity of real interest rate isoas prediction of the
standard asset pricing models and it is consistent withr sigorality that can

be extended to the issue of inflation which is a mogefrenomenon

(Caporale and Pittis, 2004). Hence, nonstationary ofingalest rate creates

% For an application of this issue in Brazil data, seei@#1993).



important problems for some well-known theoretical dels. Therefore,
testing Full Fisher Effect is also crucial in this resp&bsence of one-to one
adjustment of nominal interest rates to expected ioflattes, i.e. Full Fisher
Effect will challenge some basic models of econortiiesry.

The significant issue is whether the ex-ante reag¢rast rate is
determined by the expected inflation rate. The consensosgaatonomists is
debatable. Although Fisher relation is not justified eroglly, there is not
agreement on the source of its fluctuations. Cooray (2i0@3itifies sources
of these fluctuations as the following two effects: “We&ffect” is proposed
by Mundell (1963) and Tobin (1965); and “tax effect” is suggesteddnpyp
(1975) and Feldstein (1976). Wealth effect says that thenad ifect should
rise by less than unity in reaction to a change in ioflathrough the impact
inflation had on the real rate. This means that imffaieads to a fall in real
money balances and resulting a fall in wealth whiclddeto augmented
saving by bringing the pressure on real rates downwards (CdH@$g). On
the other hand, tax effect explanation relies on thistence of taxation of
interest income. Taxes are the reason for nominerast rates would increase
by more than unity in response to expected inflation fgivan after-tax real
interest rate. That implies more than complete &ahest of nominal interest
rate to expected inflation. However, Tanzi's (1980) exqlimm contradicts
with the importance of tax effect by way of fiscddigion, tax evasion and tax
exempt agents.

2.2 Applied Studies for Developed Countries

There is a vast literature that examines the validify Fisher
relationship between nominal interest rate and inflatipexpectations. Most
of the empirical studies on Fisher Effect have focusadthe developed



economies. Moreover, using US data is common exermis@nding any
evidence of Fisher Effect relation. In general it app#aat the power of the
Fisher Effect is sensitive to the time period, to tbentry and to the data
frequency.

Absence of any direct measure of inflationary exp&statcreates the
main problem in testing for the Fisher Effect. In orttesolve this issue, the
majority of early studies on the Fisher Effect useshesdorm of distributed
lag on past inflation rates as a proxy for inflationaxpextations (Cooray,
2003). However, with the advancement of the theory tidnmal expectations
which is pioneered by Muth (1961) and theory of efficientkeaadvanced
by Fama (1970), Fisher hypothesis is reinterpreted to pocate these
theories. Besides Muth and Fama'’s findings, recent deveofs, since the
late 1980s, in the time series econometrics literatuaedba reconsideration
of the validity of the tests on the Fisher Effdébr instance, researchers have
at their disposal various cointegration techniques dueotogXample, Engle
and Granger (1987), Johansen and others to test for teterea of a
stationary long run relation between series, which nomstationary,
individually (Atkins and Coe, 2002). The possible exampled@und in Rose
(1988), Mishkin (1992), Wallace and Warner (1993), MacDonald anghjur
(1989), Rapach and Weber (2004).

Cointegration models are widely used in empirical gsidof the
Fisher Effect. One of the first examples of theselies is Rose (1988). Even
though Rose (1988) does not directly use a cointegration ocheth
investigate the constancy of the real interest raesheds some light on the
issue of stationarity and the level of integrationttlae significant in
determining before proceeding with the testing of thehéti Effect in a
cointegration framework (Tierney, 2005). In his analysistitd nominal
interest rate and inflation, Rose (1988) used annual, quagedymonthly
data for the US with the sample period ranging from 1892980 and

10



from 1901 to 1950. Using conventional Dickey and Fuller (1979) and
Phillips and Perron (1988) unit root tests, Rose (1988) finds moadfr the
presence of a unit root in the real interest rate, whactiradicts the Fisher
relationship> For further verification of results, he also appliect uoot tests
to prices and nominal interest rates of eighteen OEGONtries. The null
hypothesis of a unit root was rejected for all eighteeantries, lending
support to the results from US data. His conjecturethi@ex ante real rate is
nonstationary has encouraged a rapidly growing litegatbat analyses the
stochastic properties of the variables in the FishentiggChu et. al., 2003).
Mishkin (1991, 1995) studied the integration properties of ioffati
nominal interest rate and real interest rate for W over different sub-
samples by accounting the shifts in the monetary regfim€ontrary to the
findings by Rose (1988), Mishkin (1991) concluded that therer@teoots in
both the nominal interest rate and the inflation tzsed on the augmented
Dickey-Fuller tests, which take into consideratiorenescedasticity. Tests for
cointegration along the lines of Engle and Granger (1987ihd a common
trend in interest rates and inflation supported the eveldoc a long run
Fisher Effect in the post war U.S. data. Mishkin (1992)an attempt to
explain why there is strong evidence of Fisher effectstame cases but not
for others pointed out that the solution is dependentherexistence of the
stochastic trends in inflation and interest rate inesssamples. When the two

series exhibit the same trends, this result gives agstcorrelation between

* GNP deflator, CPI, the implicit price deflator andoMsale price index variables with the

log version were used for inflation. For the nominalresérates, the one-month interest rate
on finance paper, the Euro dollar deposit rate, theofatee-month certificates of deposit and

the one-month T-bill rate were employed.

® Rose (1988) found interest rate series to be I(1) samigénflation rate series to be 1(0).
® Mishkin (1992) used monthly and quarterly data of the onetimib-bill as nominal interest

rate and CPI as inflation variable with the sampleiogebeing from January 1953 to
December 1990 with different sub-periods taken into account.

11



them. Accordingly Mishkin (1992) concludes that when noirimarest rates
and inflation exhibit trends, the Fisher Effect is sgron

Mishkin (1995) has another contribution to the litergture warns
about the potential problem of existence of moving averagastén the
model. If the time series models of the variables do slmdw pure
autoregressive progress, but rather include important m@viagage terms,
the Dickey- Fuller for unit root can be misleading forainsamples. In his
paper for Australia, Mishkin concludes that inflation ratdfers from this
problem.

Cooray (2003) states that the studies by Bonham (1991), Jacques
(1995) and Wallace and Warner (1993), covering a similar timede
confirm Mishkin’s findings for the USA. Both of them shahat inflation
contained a unit root. Wallace and Warner (1993) used antakpas model
of the term structure of interest rate and observeditfiation affects both
long and short-term interest rates. Wallace and Wai1@93) are the first
users of cointegration techniques as proposed by Johad988)(and
Johansen and Juselius (1990). Quarterly data from the periodl19480:4
to test for stable long run relationships between the Btmimflation rate, 3-
month Treasury bills and 10-year government bond rates preuleort for
existence of a Fisher Effect both in short and lonmtetterest rates and for
expectations theory of the term structure.

Bonham’s (1991) findings were also consistent with thd9dishkin
(1991) and Wallace and Warner (1993). Application of DickeyleFtgsts to
monthly data from 1955:1-1990:3 provided support for stationarityeirfitst
differences of nominal interest rate and inflation.

More recent evidence using unit root and cointegration tests can be
found in Rapach and Weber (2004). Their study can be regardbd a®st
extensive study in unit root and cointegration analysis afyn@untries in
examining Fisher Effect. Rapach and Weber (2004) updated thésRose

12



(1988) study in two ways: Firstly, they extended the quartiata covering
the period from 1957 to 2000 for sixteen OECD countries, acahsdy, they
applied Ng and Perron (2001) unit root tests with better size pwer’
Generally, Rapach and Weber’s findings overlap with Ro49€88). Besides
Engle and Granger (1987) and Phillips and Quliaris (1990) tésty,
employed the recently developed cointegration teseafon and Rodriguez
(2001). All of these tests’ results present little rostience of a stationary
real interest rate for most countries (Rapach and YVet@04). In their
analysis, instead of Treasury bill rate, long term govent bond rates were
used as nominal interest rate measure and CPI as atioinfmeasure. For
Australia, Norway and US, the results of unit root teatch those of Rose
(1988), with a nominal interest rate 1(1) and inflation IO the other hand,
for two of the 16 countries, Germany and Switzerland, detdy stationary
real interest rates-with both variables integrated gtegeof zero. Further, for
different reasons from Rose (1988), Austria had a nbostay real interest
rate, while nominal interest rate is 1(0), the inflatiate is 1(1). For the other
ten countries both the nominal interest rate andrtegtion rate are integrated
at degree of one. However, Perron and Rodriguez (2001) gaatiten test did
not give robust evidence for cointegration for any eftén countries.

As it was mentioned, empirical studies have focused on
nonstationarities of the data and tested the FishezcEfih a long run
relationship using cointegration. A probable obscurity iressiag the time
series properties of inflation and nominal interest raglts in structural
breaks in the form of infrequent changes in the meahedtift rate of the
series due to distinct exogenous actions (Malliaropulos, 2@ije standard
stationarity tests misinterpret structural breaks eagluring stochastic

disturbances, these tests are biased towards nonatdsio(Perron, 1989).

" These OECD countries are; Australia, Austria, Belgiunana@a, Denmark, France,
Germany, Ireland, Italy, Japan, Netherlands, New Zekldorway, Switzerland, UK and US.
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Recent findings reported by Garcia and Perron (1996), Bekdd&$9),
Johansen and Garcia (2000), Malliaropulos (2000), Lai (2004) amdedte,
Montanes and Reyes (2002) indicate that the real intesgs process may
have experienced some structural breaks.

Garcia and Johnson (1996) applied regression tree analysisate |
structural breaks in the stochastic process followed é@gxhpost real interest
rate from early 1950s to the 1990s for the US data. Otieeahost important
advantages of regression tree analysis is that it alibw data to determine
the number of regime changes as well as their datascigGand Johnson
(1996) found changes in mean and variance of the realshtate process in
1972:04, 1980:01 and 1986:02. Despite the changes in the mean of ex-post
real interest rate, their finding is consistent whk Fisher Effect. However,
when more detailed analysis is held, the samples @vand the findings are
similar to the regimes found by Garcia and Perron (19&rcia and Perron
(1996) use the Markow switching method of Hamilton (1989) tat®shifts
in the real interest rate.

Malliaropulos’ (2000) findings are contradicting Garciad aPerron
(1996) and Garcia and Johnson (1996) results. Malliaropulos (2000)
investigates the univariate time series properties ofitflation and the
nominal interest rate, allowing for structural breaksiiknown timing in the
series, with the Zivot and Andrews test (1992). Using qugrtiata for the
US for the period 1960:01- 199503 finds that inflation, nominal and real
interest rates are trend-stationary with a structore@dk both in the mean and
the deterministic trend in early 1980s. Using a VAR modelfimgs that
dynamic effects of inflation on nominal interest eatipport results Fisher
Effect in medium to long term. Malliaropulos (2000) expdaithis
contradiction as adopting different hypothesis testirgghod. While these

8 Nominal interest rates are three month Treasury &liéls: Inflation rate is the one quarter
ahead change in the log of CPI.
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authors test nonstationarity against the alternativetmoictural shifts in the
mean, Malliaropulos (2000) tests nonstationarity agahestdint hypothesis
of structural shifts in both the mean and the drift cdthe series.

Lai (2004) paid attention to structural break propertieeaf interest
rate of the US. In his study the expected inflation @ddééa are directly
collected by the University of Michigan’s Survey of Com&uis, covering the
sample from 1978:01 to 2001:12. He found that the real intesgstmay
appear nonstationary when it is stationary and a psost@#t is responsible.
The mean shift corresponds to the dramatic reversaliflation around the
late 1980 or the early 1981. Lai (2004) firstly tested theostatity of real
interest rate by augmented Dickey-Fuller tests and meadDickey-Fuller
test that finds no structural breaks. When unit rodstesth either a mean
shift or a trend shift are applied, significant evidenciawor of no-unit root is
found, rejecting the absence of no long run reversidine no unit root
finding confirms the long run Fisher Effect.

Clemente et. al. (2002) study Fisher Effect for G7 counbyetaking
structural breaks into consideration. The consideratibrbreaks leads to
change in the results of unit root statistics. Unlikeshad the previous papers,
they found that nominal interest rates and inflatiates of G7 countries are
stationary rather than integrated. They also condudtedB&i and Perron
procedure to analyze whether breaks in nominal inteegées and inflation
rates affect the structural relationship or not. Thiscedoire confirms their
hypothesis of the existence of regime changes in tlaiaeship between
nominal interest rate and inflation rate. An ARDL polymal with the
addition of dummy variable in order to detect the breakssed to test the
Fisher Effect. According to Clemente et. al. (2002) while Fisher Effect
holds for the US and France certainly there is someilplitysfor Japan and
Italy, the rest of the G7 countries do not show anyhdtiEffect evidence
(Clemente et. al., 2002).

15



Previous empirical studies show that the standard unittestt have
failed to reject the unit root hypothesis for postwar dampf developed
countries. Additionally, introducing only a structuralddtevas not sufficient
for rejecting the presence of a unit root. A recent oetttalled the fractional
cointegration analysis deals with the deviations frong loun relationship that
takes a long time to dissipate before reaching the bguin level. If linear
combination of inflation and interest rate is a long-ragnstationary process,
then two series are said to be fractionally co-intedréf@sman, Kasman and
Turgutlu, 2005). Sun and Phillips (2004) employed fractional egnation
process - both the exact Whittle and the log-periodoggamnoaches - for the
US covering the data from 1934:1 through 1999:4. They argue libat t
empirical results obtained by Rose (1988) and Mishkin (1992, 1&%b)e
misleading since the ex post version of the Fisher equahppears
unbalanced for three reasons: Firstly, the timing ofttinee components of
the Fisher Effect, nominal interest rate, real mserate and the inflation rate,
is different. Secondly the short run dynamics ofttiree components are not
same. The nominal interest rate is mostly less Vel#tan inflation and ex
post real interest rate. Finally, the integration orofethe real rate in small
samples leads a possibly large forecasting error, whithe reason for false
rejection of the null hypothesis of expected inflatiamtaining a unit root.
The artificial rejection, coupled with evidence that tlweminal interest rate
contains a unit root, can lead to the false resultakainte real interest rate is
an I(1) process. Sun and Phillips (2004) introduced the bivaxatet Whittle
estimator that allows for the presence of additivetysbations or short
memory noise in the data. This new estimator providedppast for the
hypothesis that the nominal and real interest rates iaftation rate are
integrated of the same order, however there is btijgport for the long run
Fisher Effect (Sun and Phillips, 2004).

One of the recent studies of the literature on thdnefiEffect that
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uses the cointegration technique belongs to Atkins and (20@2). They
examined the Fisher Effect for the US and Canadian fcasthe period of
1953-1999 using Pesaran, Shin and Smith (2001) method. The mostaimipor
advantage of “Bounds Testing” method is the lack of reethe assumption
regarding the integration levels of inflation or insdreate series. Atkins and
Coe find positive evidence of Fisher Effect in post-wanditan and the US

data with a wide range of nominal interest rate.

2.3 Applied Studies for Developing Countries

As far as the Fisher Effect in emerging economie®ierned, there
are not many studies; the developing countries did na&catinuch attention
in the literature. Berument and Jelassi (2002) have condugctedtiacountry
analysis in which the Fisher Effect was investigatedbfuth developed and
developing countrie$.Their results are in the line with the suggestion of
Olekalns (1996); that is the Fisher Effect is more likedyhold for the
developed countries than for the developing countries. Bamtiand Jelassi
(2002) argue that:

“...removing the restrictions on the free movement of finainci
asset prices, and allowing market deregulations of sttened
exchange rate results in a steadier real rate, aghabrates of
return are free to adjust rapidly to expected inflation
movements”

In their study for Brazil, Chile, Greece, Mexico, Twk&enezuela
and Zambia, the strong version of Fisher Effect isragected (Berument and

° Fourteen of the twenty six countries were developing.ofileey were Brazil, Chile, Costa
Rica, Egypt, Greece, India, Kuwait, Mexico, Morocco, iPpihes, Turkey, Uruguay,
Venezuela, and Zambia.
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Jelassi, 2002). Partial adjustment of nominal intel@stto expected inflation
is found for Egypt, Morocco, Philippines and Uruguay. Onatiier hand, for
Costa Rica, India and Kuwait no evidence of Fisherioglas found.

Another applied paper for less developed countries on thleelFi
Effect is Payne and Ewing (1997). By utilizing the Johansealidss
cointegration procedure, their investigation reveals tay four of ten
countries- Malaysia, Pakistan, Singapore and Sri Lapk@side evidence to
support the Full Fisher Effed.

Besides Berument and Jelassi (2002) and Payne and Ewing (1997),
both of which reach a consensus on the absence ofvaaignee of Fisher
Effect for the Indian case, Paul (1984) finds out thatdtis hypothesis of the
positive relation between inflationary expectationsl dme nominal interest
rate is supported for both short term and long termasteiates in India with
some adjustment lag.

Empirical works on the Fisher Effect for the LatimArican countries
have been undertaken by Carneiro, Divino and Rocha (2008)iaG&993),
Phylaktis and Blake (1993), Thornton (1996) and Maghyereh and Al-Zoubi
(2006). Carneiro et. al. (2002) analyzed the validity of Risher Effect for
Argentina, Brazil and Mexico, all of which have experieh@hronic high
inflation initially and reached a stage of relative ne@conomic stabilization,
within the period from 1980 to 1997. The cointegration anali@&ansen,
1988; and Johansen and Juselius, 1990) and exogeneity tesis €Engj.,
1983; Johansen, 1992; Ericson et. al., 1998) give evidence fionatgtreal
interest rate for the cases of Argentina and Brazy.oHowever, Phylaktis
and Blake (1993) have investigated this hypothesis for these tmuntries
and have confirmed the validity of Fisher Effect forXid® as well. This

contradiction was tried to be explained by Carneirole2@02)

19 Other six countries are Argentina, Fiji, India, Niggingapore, and Thailand.
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“...they use quarterly data and their sample period isivelg
short and does not cover the several stabilizatioamglis
implemented in these countries also leaving out the recent
stabilization observed in Latin America.”

The Mexican case was also analyzed by Thornton (1996). His
conclusion endorses the validity of a stable long-ruatiomship between
nominal interest rate and inflation expectation from pleriod 1978 to 1994
using two-stage Engle and Granger (1987) method.

Brazilian experience is investigated by Garcia (1993) ingnasi
extraction framework. The aim is to detect noise taptesents the validity of
Fisher Effect. Fisher hypothesis seems to reasonablyhé& Brazilian
evidence, implying that the government cannot have the burfdfmancing
its fiscal deficits ameliorated by issuing debt in periadi®n the inflation is
increasing.

A recent study of Fisher Effect for the developing coustrie
Maghyereh and Al-Zoubi (2006). They analyze three Latin Agaeri
countries, Argentina, Brazil and Mexico and three otlereloping countries
which are Malaysia, South Korea and Turkey. They emplopegarametric
test of Bierens (2000) which detects the existence of nonlic@aending
among different macroeconomic time series. They foulmtear combination
between nominal interest rate and inflation rate flocauntries. Furthermore,
they conclude that the relationship between the nonlimead in the nominal
interest rate and inflation rate for all countriegdgial to unity, indicating the
existence of Full Fisher Effect in the developing caastr

In another recent study by Berument, Ceylan and Olgun (2010%),
validity of a positive relationship between the nomimaterest rate and
expected inflation and the inflation risk effect on thierest rate is checked in
54 developed and developing countries. The simple Fishdmrelavithout
the impact of inflation risk- is tested using a versiohtlee GARCH
specification for G7 countries plus 47 developing countriebe TFisher
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Effect holds for all the G7 countries and only for 23 d@wag countries.
When the inflation risk is added to the regression, \glwli the Fisher Effect
is reduced; it holds only 6 of the G7 countries and 18 @f4th developing

countries.
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CHAPTER 3

THE ANALYTICAL FRAMEWORK

In this chapter, the analytical framework of the basizdel that is
used in this study will be presented. In examining the exastef a long run

relationship between the nominal interest rate §nd the expected inflation

rate (;,,), the autoregressive distributed lag (ARDL); bounds apstroach

of Pesaran, Shin and Smith (2001) has been adopted.

Testing the evidence of Fisher Effect by adopting the ARMIdeling
has numerous advantages. These advantages can be a&edmas follows:
Firstly, the OLS based ARDL approach can be appliedpective of whether
the variables are purely 1(0), purely 1(1) or a mixturdoth (Pesaran et. al.,
2001). It avoids pre-testing problem associated with thelatd cointegration
approaches that makes it easy to use. Secondly, thel takes sufficient
numbers of lags to capture the data generating process@nadi&o-specific
modeling framework (Launrenceson and Chai, 2003). This apprgi&els
robust results in small sample size while the Joharts®ntegration test
requires large samples for validity purpose. Finally, dyonarror correction
model (ECM) which can be derived from ARDL by a simple Inea
transformation, integrates the short run dynamics witle long run
equilibrium without loss of long run information (Baje et. al., 1993). It is
also argued that, problems which occur as a result ofatansary time series
data, can be get rid of by adopting ARDL approach ( Laurencasd Chali,
2003).
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To illustrate the ARDL modeling approach, following bykiis and
Coe (2002), a general unrestricted VAR in levels is destnated as follows:

p
X = U QX +E (1)
=1

wherex, :[it |‘|t+1] , Hence, i, is the nominal interest rate at time t and
.., Is the inflation rate at time t+1. These two sefieand [],,, can be

either 1(0) or I(1). By invoking rational expectatioespected inflation rate is

proxied by using one period ahead inflation raterepresents constant term

vectors,u:[,ui ,un] ', and ¢ is the VAR parameters for lag j matrix. The

error term vector ise, :[fi,t £nm] O IN (0Q), whereQ is positive

definite.
VAR model in Eq. (1) can be written as a vector eworrection
model (VECM) as follows:

p-1
DX = p+ A%y +ZyjAXt—j t& (2)
=1
where A=1-L
Vi Yin.i :l P
y; = == ) & (3)
J L’ni,j Yon. i k;'ﬂ

A A P
A=l '”}—('— 40,} (4)
{Aﬂi /]I'II'I ;
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| is a 2 x 2 identity matrix. To investigate only long reffiect of the
level of inflation rate on the level of the nominalarest rate and to eliminate
the long run impact of nominal interest rate on th&imn rate, it is needed
to impose the restriction ofi;; = .0By this way, inflation rate become a
long-run forcefor the nominal interest rate (Pesaran et. al., 200&)vener,
this restriction allows nominal interest rate to influe the inflation rate in the
short run (Atkins and Coe, 2002).

Fisher Effect states that in the long run equilibraichange in the rate
of growth of money supply leads to a fully perceived changeflation rates
and adjustment of nominal interest rates. The Fisheat®n is generally
formulated as follows:

i, =6, + 6, [, 10, (5)
where, g, is assumed to be equal to one.

By imposing this restriction A, = J) Fisher relation can be

reinterpreted as an ARDL (p, q) as follows:

ARDL (p, 9):

_ _ p1 _ -l (6)
Di, = +3iy +0, M+ B B+ By By +Y,
j=1 =L

“p” and “q” are the number of lagged differences of nomintdrest rate and
inflation rate, respectively. In Eq. (6) the paranetef 3, ; and 3, ; are
the short run dynamics of the model, wher@asand o, represent long run

relationship. In Eg. (6) the null hypothesis which indésathe nonexistence of
a stable long run level relationship is demonstrated dswilwith its
alternative hypothesis:
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Ho: 0, =9, =0
Hi: 6, #0 andod, # 0
Under the alternative hypothesis there is a sirlgleg run relationship
between the two variables which is described by(&).
1,=6,+6, .41,
where §,=-a/d, and 6,=-9,/5, and v, is a mean zero stationary

process. When the long run paramet@r,from Eq. (5), is equal to 1, the
nominal interest rate adjusts one-for-one with nmeets in inflation rate as
the Full Fisher Effect implies.

Estimation of Eq. (6) by OLS and calculation oftatistics for the null
hypothesis give the evidence for Fisher Effect. deev the F-test used for
this procedure has a non-standard distributiomspective of whether the
underlying explanatory variables are purely [(0)(@). Therefore Pesaran et.
al. (2001) developed a table for the critical valwé different combination of
integrated series. There are two critical valuggen and lower critical values

and there are three cases for decision:
(1) If the test statistic is above an upper criticaluea the null
hypothesis can be rejected irrespective of whether nominal

interest rate and inflation rate are integrateceoad zero or one.

(i) If the test statistic is between the upper and toevitical values,

the conclusion is inconclusive.

(i) If the test statistic falls below a lower criticaalue, the null
hypothesis is accepted, Fisherian relation is dised.
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CHAPTER 4

THE DATA PROCESS

4.1 Characteristics of the Data

This study concerns with the multi-county analysis shér Effect,
specifically for ten developed countries and ten developmgs.oThe first
step in the analysis is to determine which variables ¢0 idominal interest
rate data is composed of quarterly observations of méstigsury bill rate.
When the Treasury bill rate is not available, lending,rateposit rate, and
saving deposit rates are used. Treasury bill rate is tedhat shows a short
term debt obligation backed by government with a maturitiesd than one
year. On the other hand, lending rate is the ratehath short and medium
term private sector’s financing needs are met. Sinuairlg rate is the most
risk free measure of interest rates after the Tredslimate, it is chosen when
the Treasury bill rate is not obtainable (Berument amaisde 2002). When
both of the two rates are not available, deposit redging deposit rate or
government bond yield rate are employed. The Consunes Pidex (CPI) is
used to measure the inflation rate for each country.

In view of the fact that annual data may cause aggmydias as
suggested by Rosanna and Seater (1995), annual data is not useg. S
period starts from 1985:Q1 and comes to 2006 for most of tnetrees. The
two of the three exceptions are Denmark and Finlandwvfoch the most
recent available observations are used. The third exceiolurkey for
which data starts from 1991:0Q4.
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All the series examined in this study -nominal intereges and

inflation rates- are collected from the IMF’s Inteiinaal Financial Statistics

(IFS) tape, except for Turkey. Turkish nominal interet# data are collected

from the Istanbul Stock Exchange Market.

Table 4.1 reports the countries which are examined, theitaefs of

the nominal interest rates and the sample periods bfeamtry.

Table 4.1 List of the Studied Countries in the Analysis oFisher Effect

Country Interest Rate Study Period
Developed Countries

Canada Treasury bill rate 1985:Q1- 2006:Q2
Denmark Lending rate 1985:Q1- 2002:Q4
Finland Lending rate 1985:Q1- 2005:Q83
France Government Bond Yield 1985:Q1- 2006:Q2
Germany Treasury bill rate 1985:Q1- 2006:Q3
Italy Treasury bill rate 1985:Q1- 2006:Q3
Japan Lending rate 1985:Q1- 2006:Q2
Norway Deposit rate 1985:Q1- 2006:Q83
United Kingdom Treasury bill rate 1985:Q1- 2006:Q1
United States Treasury bill rate 1985:Q1- 2006:Q3
Developing Countries

Argentina Deposit rate 1985:Q1- 2006:Q3
Brazil Saving deposit rate 1985:Q1- 2006:Q3
Chile Lending rate 1985:Q1- 2006:Q3
Malaysia Treasury bill rate 1985:Q1- 2006:Q3
Mexico Treasury bill rate 1985:Q1- 2006:QB3
India Lending rate 1985:Q1- 2006:Q2
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Israel Treasury bill rate 1985:Q1- 2006:Q2
Singapore Treasury bill rate 1985:Q1- 2006:Q3
South Korea Lending rate 1985:Q1- 2006:Q2
Turkey Treasury bill rate 1991:Q4- 2006:Q1

Abbreviations and explanations of the variables thatuaesl in the Fisher

Effect analysis are presented below:

CPI: Consumer price index. The serial codes of the CPI fan eaantry are
demonstrated in the appendix A. For Germany, two indexesumifeed:

Before 1991: Q1 West Germany series and after 1991: Q1 UnifieddBg
series exist. The combination of these two series i insthe analysis.

INF: Inflation rate, which is measured by the percentagegehanthe level
of the quarterly observations of the CPI. It is calted by the following
formula:

. =[CPL=CPl ), o
CPI,,

TBR: Treasury bill rate. For Canada, Germany, lItaly, Isrdddlaysia,
Mexico, Singapore, Turkey, United Kingdom, and United Stdtesgsury bill
rates are used as a proxy of nominal interest rate.

LR: Lending rate. For Denmark, Finland, France Japan, Chitda,lrand
South Korea lending rate is used as a proxy of nomirexast rate.

SDR: Saving deposit rate. Brazil's saving deposit rate is usedpaexg of
nominal interest rate in the Fisher analysis.

DR: Deposit rate. It is used only for Argentina and Norway.

GBY: Government bond vyield. It is wused only for France.
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Time series plots and descriptive statistics of theinahmnterest rate and the

inflation rate are given in Figure 4.1 and Figure 4.2, and eTabg,

respectively.

Figure 4.1: Time Series Plots of the Variables of the Develegd Countries
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Figure 4.2: Time Series Plots of the Variables of the Dele®ing

Countries!
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Figure 4.2 (cont’'d)
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Following facts can be observed from Figure 4.1 and Figure 4.2.
Firstly, there is a tendency of decline in the nomintdrest rate in most of
the developed countries during the period of analysis. Secanflation rates
of the developed countries are relatively more stdide the interest rates.
Finally, for Argentina, Brazil, Chile, Malaysia, Mexi@and Turkey nominal

interest rate and inflation rate series move in dmesdirection.
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When the Table 4.2 is examined, the following facts carbberoed. While
the standard deviations of nominal interest rates are fto developed
countries, the same statistics for the developing cesrare relatively high.
Similarly, skewness statistics for developed countxias/ around zero,
implying a symmetric distribution; the same statisticiaates a high value
for developing countries especially for Argentina andzBralhe same
observations apply for the kurtosis statistics.

The Table 4.3 shows the descriptive statistics of ioftatates. The
standard deviations of the inflation rates are low forettged countries;
then again, the same statistics are relatively higleaslly for Argentina,
Brazil, Mexico, Israel and Turkey in developing countrighe similar
pattern can be observed for skewness and kurtosis statistween the

developed and developing countries.
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CHAPTER 5

THE EMPIRICAL ANALYSIS

It is canonical to assume that the data series at®rsry in time
series econometrics. The classical regression modeires that all the
variables- both dependent and independent variablesegression need to
be stationary, otherwise “spurious regression” problem emnger and
Newbold (1974) suggested occurs. Nevertheless, one of tlamtades of
the Ordinary Least Squares (OLS) estimation based ei\thoregressive
Distributed Lag (ARDL) framework is that it avoids pretiag problem
associated with standard cointegration analysis. Broaglyaking, this
procedure can be applied irrespective of whether thiablas are purely
[(0), purely 1(1) or a mixture of both. However, it seemonvenient to
investigate the unit root properties of the data becauseggp®ach fails in
the presence of 1(2) series. Existence of 1(2) variab#islead spurious
results, the computed F-statistic provided by Pesararl. §2081) for the
bounds test is not going to be valid.

Before we carry on the ARDL bounds test, we will rexee the
stationarity of all variables to eliminate the posgwibf 1(2) variables.
After that the results of the bounds test are presemibézh will inquire the
existence of a long run relationship between the nonmntetest rate and
inflation rate. Thirdly, the results of the analysigdl be compared with the

previous multi-country analyses.
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5.1 Unit Root Tests:

Firstly, stationarity of nominal interest rates amdlation rates is
tested using the familiar augmented Dickey-Fuller (AB#sts (Dickey and
Fuller, 1979). The ADF test is based on the OLS tsitatcorresponding to
Boin the regression model:

AYt:bO+BOYt-1+Zk:,8iAyt_j + ex (1)

=1

where t = 1,.....,T. the null hypothesis f§= 0, corresponding to a
unit root in y; is tested against the one-sided alternative hypothe§ig0f
corresponding to the stationaryyf. In addition to the conventional unit
root test of ADF, we use Phillips and Perron (1988) unit tesit hereafter
referred to as P-P. By employing the P-P unit root testcan be more
confident that rejections of the null hypothesis of matisnarity are not due
to size distortions. By this way, the probability ohngjection of a false null
hypothesis declines.

ADF and PP test statistics for each country are redant Table 5.1
and 5.2. Lag length for the ADF tests are selected lkirigaat the Akaike
Information Criteria (AIC). The results in Table 5.4da5.2 indicate the
existence of a mixture of 1(1) and I(0) variables and tioeeeguarantees
that the ARDL testing could be proceeded.

The regressions on which the unit root tests are baseddend
constant with no trend for both levels and firstetiénces of the variables.
The critical values for rejection of a unit root arenfr MacKinnon (1991).
The critical values of ADF test statistic at the B%, and 10% significance
levels are -3.513, -2.897 and -2.586 respectively. Similarly, ctiiecal
values of P-P unit root test statistic at 1%, 5%, and 10%fisgnce levels
are -3.509, -2.895, and -2.585, respectively.
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ADF and PP tests for levels and first differencesarhimal interest rate are
presented in panel A and B of Table 5.1, respectively. Wleetook at the
Table 5.1, we notice that the nominal interest rateiéas are stationary after
differencing once for most of the countries. The xeeptions are Argentina,
Brazil, Israel, Singapore and S. Korea for which nomiméerest rate
variables are stationary in levels. PP unit root testtsesanfirm ADF results
for most of the countries.

Table 5.2 which present the unit root test results for ioftatates in
levels and first differences show that, P-P unit rost tesults contradict with
the ADF statistics. ADF test can not reject thd hypothesis of unit root for
inflation rate in levels for 13 countries. However, ReBt rejects the null of
unit root for 18 countries. Considering the fact that P+#Rase dependable in
small samples, we based our decision mainly on the d3tPG@ombining the
test results of the unit root hypothesis that are repont@énel A and B of
Table 5.2, we conclude that all the inflation rates sm@osiary processes in
levels, except for Brazil and Mexico. Brazil's and Mexginflation rates are

1(2).
5.2 Bounds Tests for Cointegration

To test the effect of inflation rate on nominal ietsr rates, the
following relationship is examined:
ARDL (p, q):

p-1 q-1
Ait = a+5lit—l +52 I_It +z:8i,int—j + Zﬁn,jAHtﬂ—j Vi 4, (2)
j=1 j=1
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where i is the nominal interest rate, ar{g, represents the inflation

raté. In order to estimate equation (2), the optimum nurobbéags included
must be decided on. For this purpose, the ARDL method eéstinf@ax +1) ©
number of regressions, wherengd' is the maximum lag length and “k” is the
number of variables in the equation. Next, we have estaifom a general
model in which all variables have five lags.

Considering the length and frequency of our data set, &§5 lare
selected as the maximum lag.{p>. Then, the optimal orders of lags with an
optimal functional form are determined not only by mizimy the AIC or
SIC criteria, but also by taking into account the aut@tation and by
omitting the insignificant variables. AIC and SIC ind&éhe same number of
lags, approximately. Once the optimal lag length is debtean equation (2) is
estimated via OLS method for each country.

After that, the F-test will be conducted for the josmgnificance of the
coefficients of the lagged levels of variables @andd,) in order to test for
the existence of long run relationship among the variaBlesadly speaking,
the validity of the Fisher Effect is checked by testing null hypothesis that
there exists no relationship between the variablekeofriodel, corresponding
to nonexistence of Fisher relationship, against thenaltime of the existence
a long run relationship. The stable long run level relatign&i@tween the
nominal interest rate and the inflation rate, formalabf the Fisher Effect, is
also described as followis

I =6+ 6, [T 0, 3)

! See chapter 3 for detailed information about equation 2.

2 Since the models for Canada and France do not provideddigame enlarge the maximum
lag length to eight only for these countries.

% See chapter 3 for detailed information about equation 3.
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These regressions are carried out separately for tvoentytries. All
the estimated models are given in Table 5.3. To denstaliiferences of the
variables, “D” prefix is used. “Dvariable (i)” denotes i-merilagged form of
the variable in first differences.

Table 5.3: Estimation Results from ARDL Models

Argentina:
(1) Argentina: ARDL (4, 2), Dependent Variable: DDR
Regressors Coefficients Standard Error  T-Ratio
C -691.8671 424.5251 -1.629744
DR(-1) -2.559489 0.410569 -6.234008
INF 132.2688 24.20069 5.465496
DDR(-1) -0.171026 0.335937 -0.509102
DDR(-2) 0.757075 0.142106 5.327537
DDR(-3) -0.346810 0.124713 -2.780862
DINF 128.0819 26.32375 4.865639

Key Regression statistics:
R?=0.907

Durbin-Watson Statistic: 2.251
F 3,83 = 106.04 (0.000)

Diagnostic Test Statistics:

Autocorrelation fz, 72)= 2.497 (0.051)
Heteroscedasticity b, 70)= 18.75 (0.000)
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Table 5.3 (cont’d)

Brazil:

(2) Brazil: ARDL (5, 4) , Dependent Variable: DSDR

Regressor Coefficients Standard Errgr ~ T-Ratio
C 22.60872 53.77333 0.420445
SDR(-1) 1.134696 0.161437 7.028703
INF -24.89286 4.140898 -6.011466
DSDR(-1) -1.327966 0.176363 -7.529728
DSDR(-2) -0.496951 0.148765 -3.340503
DSDR(-3) -0.067469 0.050057 -1.347858
DSDR(-4) -0.008256 0.033987 -0.242929
DINF 106.8672 7.094548 15.06328
DINF(-1) 47.06677 8.174104 5.758034
DINF(-2) 16.53546 7.349448 2.249892

Key Regression Statistics:

R?=0.952

D-W Statistic: 1.874
F 4, 81= 102.43 (0.000)

Diagnostic Test Statistics:
Autocorrelation 2 47)= 1.519 (0.211)
Heteroscedasticity§s) = 236.32 (0.000)
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Table 5.3 (cont’d)

Canada:

(3) Canada: ARDL (6, 8), Dependent Variable. DTBR

Regressor Coefficient Standard Error T-Ratio
C 0.177558 0.188829 0.940308
TBR(-1) -0.068635 0.043899 -1.563471
INF 0.332631 0.397538 0.836727
DTBR(-1) 0.428802 0.124053 3.456597
DTBR(-2) -0.112104 0.125223 -0.895237
DTBR(-3) 0.382692 0.116408 3.287512
DTBR(-4) -0.227400 0.112196 -2.026806
DTBR(-5) 0.148749 0.113447 1.311183
DINF -0.336802 0.396016 -0.850474
DINF(-1) -0.277672 0.370736 -0.748974
DINF(-2) -0.378963 0.344949 -1.098605
DINF(-3) -0.310992 0.315333 -0.986234
DINF(-4) -0.369246 0.270538 -1.364860
DINF(-5) -0.222031 0.217880 -1.019048
DINF(-6) -0.297067 0.169593 -1.751644

Key Regressions:

R*= 0.296

D-W Statistic: 1.98

F (15,63)— 1.794 (0050)

Diagnostic Test Statistic

Autocorrelation [ s9)= 0.816 (0.519)
Heteroscedasticity (fg, 49)= 1.989 (0.017)
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Table 5.3 (cont’d)

Chile:

(4) Chile: ARDL (3, 2), Dependent Variable. DLR

Regressor Coefficients Standard Errgr ~ T-Ratio
[ 1.811308 0.741741 2.441968
LR(-1) -0.309746 0.081275 -3.811070
INF 1.801410 0.488266 3.689404
DLR(-1) -0.028830 0.054164 -0.532281
DLR(-2) 0.067603 0.048546 1.392563
DINF 2.834978 0.480477 5.900339
Key Regressions:
R’= 0.854
D-W Statistic: 2.08
F 6.78= 76.25 (0.000)
Diagnostic Test Statistic
Autocorrelation fa,74y= 0.704 (0.591)
Heteroscedasticityfo,73)= 1.66 (0.106)
Denmark:
(5) Denmark: ARDL (2, 5), Dependent variable: DLR
Regressor Coefficients Standard Errgr  T-Ratio
[ 0.103744 0.272867 0.380201
LR(-1) -0.077239 0.028091 -2.749633
INF 0.944672 0.279670 3.377805
DLR(-1) 0.175566 0.114859 1.528536
DINF -1.073877 0.289589 -3.708285
DINF(-1) -0.810321 0.252996 -3.202906
DINF(-2) -0.755419 0.213729 -3.534462
DINF(-3) -0.592743 0.153643 -3.857920

Key Regressions:
R’*= 0.309

D-W Statistic: 2.00
F 8,59)= 3.59 (0.001)

Diagnostic Test Statistic

Autocorrelation [ s5= 0.974 (0.429)
Heteroscedasticity (fas2= 1.508 (0.141)
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Table 5.3 (cont’d)

Finland:
(3) Finland: ARDL (2, 3), Dependent Variable. DLR
Regressor Coefficients Standard Errgr  T-Ratio
[ 0.061514 0.106180 0.579334
LR(-1) -0.048468 0.015878 -3.052468
INF 0.399092 0.101425 3.934855
DLR(-1) 0.372761 0.101886 3.658618
DINF -0.238717 0.086387 -2.763350
DINF(-1) -0.188997 0.069503 -2.719251
Key Regressions:
R’= 0.424
D-W Statistic: 1.89
F 6,70)= 9.709 (0.000)
Diagnostic Test Statistic
Autocorrelation [, 66 = 0.918 (0.458)
Heteroscedasticity (fo, e5)= 3.31 (0.001)
France:
(7) France: ARDL (5, 3) , Dependent Variable: DGBY
Regressor Coefficients Standard Errof T-Ratio
[ 0.064707 0.155376 0.416450
GBY(-1) -0.063603 0.028358 -2.242838
INF 0.597215 0.241408 2.473883
DGBY(-1) 0.603106 0.107127 5.629823
DGBY(-2) -0.452099 0.123331 -3.665725
DGBY(-3) 0.362886 0.121826 2.978721
DGBY(-4) -0.360593 0.106910 -3.372868
DINF -0.309088 0.196955 -1.569332
DINF(-1) -0.247599 0.141454 -1.750388

Key Regressions:

R*= 0.426

D-W Statistic: 2.155
F (9, 65)= 5.738 (0.000)

Diagnostic Test Statistic

Autocorrelation [ 61)= 2.413(0.058)
Heteroscedasticity (s 57y= 0.599 (0.871)
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Table 5.3 (cont’d)

Germany:

(8) Germany: ARDL (4, 2) , Dependent Variable: DTBR

Regressor Coefficients Standard Errgr  T-Ratio
[ 0.174740 0.089564 1.951003
TBR(-1) -0.042798 0.018759 -2.281505
INF 0.028284 0.019508 1.449904
DTBR(-1) 0.423413 0.108886 3.888589
DTBR(-2) 0.080576 0.115800 0.695820
DTBR(-3) 0.201003 0.110686 1.815977
DINF -0.017579 0.011043 -1.591814
Key Regressions:
R?=0.349
D-W Statistic: 1.99
F (7.76)= 5.857 (0.000)
Diagnostic Test Statistic
Autocorrelation [, 72)= 0.780 (0.541)
Heteroscedasticity b, 70)= 0.724 (0.722)
India:
(9) India: ARDL (2, 1), Dependent Variable: DLR
Regressor Coefficients Standard Errgr  T-Ratio
[ 0.256356 0.278251 0.921312
LR(-1) -0.020596 0.019457 -1.058534
INF 0.004134 0.028615 0.144480
DLR(-1) 0.412695 0.106230 3.884940

Key Regressions:
R*= 0.169

D-W Statistic: 1.96

F 4.80)= 5.599 (0.002)

Diagnostic Test Statistic

Autocorrelation [, 76)= 0.157 (0.959)

Heteroscedasticity 77y = 3.611 (0.003)




Table 5.3 (cont’d)

Israel:

(10) Israel: ARDL (2, 4), Dependent Variable: DTBR

Regressor Coefficients Standard Errgr ~ T-Ratio
[ 1.854164 0.621365 2.984019
TBR(-1) -0.312808 0.074895 -4.176631
INF 0.752762 0.197005 3.821022
DTBR(-1) 0.116802 0.041166 2.837365
DINF -0.259549 0.214575 -1.209592
DINF(-1) 0.040317 0.166369 0.242333
DINF(-2) -0.000462 0.056882 -0.008130
Key Regressions:
R*= 0.81
D-W Statistic: 1.91
F z75= 48.55 (0.000)
Diagnostic Test Statistic
Autocorrelation [, 71= 1.622 (0.177)
Heteroscedasticity £ 69) = 3.64 (0.000)
Italy:
(11) Italy: ARDL (2,4) , Dependent Variable: DTBR
Regressor Coefficients Standard Errgr  T-Ratio
[ -0.248917 0.194583 -1.279230
TBR(-1) -0.133779 0.040206 -3.327320
INF 1.286171 0.419016 3.069502
DTBR(-1) 0.317308 0.105848 2.997763
DINF -0.839706 0.381984 -2.198276
DINF(-1) -0.684371 0.309834 -2.208832
DINF(-2) -0.424236 0.249194 -1.702437

Key Regressions:
R*= 0.232

D-W Statistic: 1.82

F (7,76)= 3.655 (0.001)

Diagnostic Test Statistic

Autocorrelation [, 72)= 2.227 (0.074
Heteroscedasticity &, 70)= 4.120 (0.000)
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Table 5.3 (cont’d)

Japan:
(12) Japan: ARDL (2, 1) , Dependent Variable: DLR
Regressor Coefficients Standard Errgr  T-Ratio
[ 0.033716 0.028314 1.190805
LR(-1) -0.013508 0.006787 -1.990341
INF 0.032990 0.021818 1.512045
DLR(-1) 0.777329 0.067103 11.58411

Key Regressions:
R’*= 0.650

D-W Statistic: 1.93

F 4.80)= 42.89 (0.000)

Diagnostic Test Statistic

Autocorrelation [, 76)= 1.825 (0.132)

Heteroscedasticity -7y = 4.138 (0.001)

Malaysia:

(13) Malaysia: ARDL (2, 2) , Dependent Variable: DTBR

Regressor Coefficients Standard Errgr ~ T-Ratio
C 0.230816 0.193356 1.193734
TBR(-1) -0.121277 0.044583 -2.720287
INF 0.456238 0.190209 2.398610
DTBR(-1) 0.085439 0.107245 0.796674
DINF -0.367063 0.140892 -2.605275

Key Regressions:
R*=0.118

D-W Statistic: 2.03

F 5.80)= 2.169 (0.065)

Diagnostic Test Statistic

Autocorrelation [, 76)= 1.196 (0.319)

Heteroscedasticity&7e) = 3.559 (0.001)




Table 5.3 (cont’d)

Mexico:

(14) Mexico: ARDL (3, 2) , Dependent Variable: DTBR

Regressors Coefficients Standard Error ~ T-Ratio
[ 1.718713 0.970391 1.771154
TBR(-1) -0.287271 0.075512 -3.804309
INF 1.044261 0.301848 3.459560
DTBR(-1) -0.176748 0.052132 -3.390398
DTBR(-2) -0.113083 0.053673 -2.106895
DINF 1.526646 0.270210 5.649855
Key Regressions:
R’*= 0.80
D-W Statistic: 1.94
F 6, 74)= 52.93 (0.000)
Diagnostic Test Statistic
Autocorrelation fz,70)= 0.312 (0.868)
Heteroscedasticityfo 69)= 2.656 (0.008)
Norway:
(1,5) Norway: ARDL (2, 4) , Dependent Variable: DDR
Regressor Coefficients Standard Errgr  T-Ratio
[ 0.226255 0.430701 0.525318
DR(-1) -0.222115 0.078811 -2.818325
INF 1.511898 0.493648 3.062702
DDR(-1) -0.310804 0.100819 -3.082785
DINF -0.715766 0.485103 -1.475492
DINF(-1) -0.149055 0.405716 -0.367387
DINF(-2) 0.047738 0.297508 0.160461

Key Regressions:
R*= 0.316

D-W Statistic: 2.09

F (7.76y= 5.100 (0.000)

Diagnostic Test Statistic

Autocorrelation [, 72)= 0.670 (0.614)
Heteroscedasticity £, 70)= 0.564 (0.862)
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Table 5.3 (cont’d)

Singapore:
(16) Singapore: ARDL (3, 1), Dependent Variable: DTBR
Regressor Coefficients Standard Errgr  T-Ratio
[ 0.253520 0.171684 1.476661
TBR(-1) -0.149184 0.074412 -2.004827
INF 0.173641 0.165895 1.046693
DTBR(-1) -0.232141 0.112207 -2.068866
DTBR(-2) -0.268201 0.107731 -2.489546

Key Regressions:
R*= 0.202

D-W Statistic: 2.02

F (5,79 = 4.02 (0002)

Diagnostic Test Statistic

Autocorrelation [, 75=1.679 (0.163)

Heteroscedasticity & 75y = 4.044 (0.000)

South Korea:

(17) South Korea: ARDL (2, 1), Dependent Variable: DLR

Regressor Coefficients Standard Errgr ~ T-Ratio
C 1.276941 0.710693 1.796754
LR(-1) -0.197446 0.074781 -2.640326
INF 0.401778 0.184790 2.174240
DLR(-1) -0.228242 0.108175 -2.109932

Key Regressions:
R*=0.193

D-W Statistic: 2.06

F (3,80)= 3.551 (0.018)

Diagnostic Test Statistic

Autocorrelation [, 76)= 0.395 (0.811)

Heteroscedasticity;77y= 6.172 (0.000)




Table 5.3 (cont’d)

Turkey:

(18) Turkey: ARDL (2, 1), Dependent Variable: DTBR

Regressor Coefficients Standard Errof T-Ratio
[ 9.308388 7.184439 1.295632
TBR(-1) -0.628509 0.101496 -6.192462
INF 3.640690 0.656397 5.546479
DTBR(-1) 0.156252 0.110758 1.410757
Key Regressions:
R’=0.44
D-W Statistic: 2.02
F (4, 52)= 10.384 (0.000)
Diagnostic Test Statistic
Autocorrelation [, 48= 0.542 (0.705)
Heteroscedasticity§; 49y = 0.426 (0.857)
UK:
(19) UK: ARDL (3, 5), Dependent Variable: DTBR
Regressor Coefficients Standard Errgr  T-Ratio
[ 0.141438 0.162474 0.870528
TBR(-1) -0.112263 0.044063 -2.547808
INF 0.661132 0.285339 2.317004
DTBR(-1) 0.081211 0.103262 0.786460
DTBR(-2) -0.163751 0.100937 -1.622313
DINF -0.027510 0.269737 -0.101990
DINF(-1) 0.262041 0.208145 1.258936
DINF(-2) 0.324910 0.161098 2.016851
DINF(-3) 0.469611 0.117516 3.996157

Key Regressions:
R’= 0.44

D-W Statistic: 1.85

F (9, 71)= 6.563 (0.000)

Diagnostic Test Statistic

Autocorrelation [, 67y= 1.080 (0.369)

Heteroscedasticityfs, 63y= 3.373 (0.000)
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Table 5.3 (cont’d)

USA:

(20) USA: ARDL (2, 1), Dependent Variable: DTBR

Regressor Coefficients Standard Errgr ~ T-Ratio
C 0.145662 0.094916 1.534630
TBR(-1) -0.041023 0.018038 -2.274226
INF 0.070390 0.036513 1.927812
DTBR(-1) 0.594078 0.084104 7.063619

Key Regressions:
R®= 0.47

D-W Statistic: 1.96

F 4, 81y= 18.82 (0.000)

Diagnostic Test Statistic

Autocorrelation [, 77y= 0.911 (0.444)

Heteroscedasticity§; 7s)= 1.000 (0.430)
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Table 5.4 Results from Bounds Tests on Equation (2)

Country Optimal lags | F-statistic value Outcome
(p*, a%)

Argentina 4,2) 21.99 Cointegration
Brazil (5,4) 28.15 Cointegration
Canada (2,1) 1.72 No Cointegration
Chile (3,2 7.31 Cointegration
Denmark (2,5) 6.58 Cointegration
Finland (2,3) 16.38 Cointegration
France (1,2) 1.04 No Cointegration
Germany 4,2) 3.36 No Cointegration
India (2,1) 0.57 No Cointegration
Israel (2,4) 9.09 Cointegration
Italy (2,4) 5.55 No Cointegration®
Japan (2,1) 2.39 No Cointegration
Malaysia (2,2) 4.46 No Cointegratior
Mexico (3,2) 7.34 Cointegration
Norway (2,4) 5.15 No Cointegrationt
Singapore (3,1) 2.27 No Cointegration
South Korea (2,1) 5.25 No Cointegration*
Turkey (2,1) 20.65 Cointegration
UK (3,5) 3.25 No Cointegration
USA (2,1) 4.61 No Cointegration

Notes: Asymptotic critical value bounds are obtainednfiTable C1. iii in Appendix

B, Case llI: unrestricted intercept and no trend itle regressor (Pesaran, Shin and
Smith, 2001, p. T2).

Lower bound 1(0) = 6.84and Upper bound I(1) = 7.84 at 1 % signdeéevel.

Lower bound 1(0) = 4.94 and Upper bound I(1) = 5.73 at 5 % signdeéevel.

Lower bound 1(0) = 4.04 and Upper bound I(1) = 4.78 at 10 % signdectevel.

* Sign represents that the F-statistic is significtrntO % level.
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In the Argentian case, all the variables enter in thaagon are
statistically significant, except for one period lagged dépmte in first
difference, DDR(-1). The coefficients of one periagdded deposit rate DR(-
1) and the inflation rate, INF are -2.55 and 132.26, resedct These
coefficients are the coefficients of the cointegrgtielationship. Both DR(-1)
and INF are significant at 1% level. Joint significarndeall the variables in
the equation is assured strongly with high value of FssitatOn the other
hand the CUSUM stability test result plotted againstctitecal bound of 5 %
significance level shows the model is unstable oveefimn detecting the
autocorrelation, the Durbin-Watson statistic is reportétbreover, the
Breusch-Godfrey Serial Correlation LM test is emptbyéhich test for more
general forms of serial correlation than the Durbin8¥at statistic. The
Durbin-Watson statistic rejects the serial correfativith 2.251 value.
Furthermore, the Breusch-Godfrey Serial Correlation telst strengthens the
absence of serial correlation in the case of Argentitavever, there exists
heteroscedasticity problem. As Shrestra and Chowdhury (2p@5s)fy, since
the time series used are of mixed order of integratien, 1{0) and I(1), it is
natural to detect heteroscedasticity. As it is repdrtede Table 5.4, F-test for
the null hypothesis of no Fisher relationship strongigfitms the existence of
cointegration between the nominal interest rate arfthtion rate. The

calculated F-statisti€.2 = 2199is higher than the upper critical value 7.84 at

1% level. Broadly speaking, there is strong evidence dieFikffect for
Argentina, when the deposit rate is employed as a proxpminal interest
rate and consumer price index is utilized to measurtiagion rate.

Analysis of the Brazilian data shows that all theialsles enter in the
equation are statistically significant with two excep8; three and four period
lagged saving deposit rate in first difference, DSDR(-3) &8DR(-4).

* Plots of the CUSUM tests for each country are repantéiie Appendix B.
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Additionally, the joint significance of all the variasl in the equation is
assured strongly with F-statistics. The coefficiertshe one period lagged
saving deposit rate, SDR(-1) and the inflation rate, INFclvinepresent the
long run relationship are 1.13 and -24.89, respectively. Botlonkeperiod

lagged deposit rate and the inflation rate are signifiaathe 1% level. The
CUSUM stability test result plotted against the critideound of 5%

significance level validates stability of the model otieme. Both D-W test
statistic and the Breusch-Godfrey Serial Correlativhtest statistic reject the
null hypothesis, implying no autocorrelation. The catedl F-statistic

F.; =28.15 falls above the upper bound critical value 7.84 at the ex#él.|

Thus, the null hypothesis of no cointegration is reg@cimplying a long run
relationship between the inflation rate and saving depotat rBhus we
conclude that Brazilian data validates the Fisheriogighip.

Canadian case indicates that only three variables, thnee and four
period lagged Treasury bill rate in difference, DTBR(-D)[BR(-3) and
DTBR(-4) inthe model are statistically significaRtstatistics measuring the
joint significance of all the variables shows that timodel is overall
significant. Autocorrelation problem is rejected by the Dt®¥gt and the
Breusch-Godfrey Serial Correlation LM test. Howevestelnoscedasticity
problem occurs. CUSUM stability test illustrates tha¢ tmodel is stable.

Regarding the bounds test F-statigti¢,= 143, falls below the lower critical

value of lower bound even at 10 % level. From here weledachat the
Fisher Effect does not hold for Canada.

When the model for Chile is investigated, all the varsleleter in the
model are statistically significant, except for thee and two-period lagged
lending rate in first differences. The coefficientook period lagged lending
rate, LR(-1) and inflation rate, INF are -0.309 and 1.80iht 3ignificance of
all the variables is assured strongly with the high value-sthtistic. The high
value of R, which is 0.85, shows that the overall goodness of fihefmodel
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is satisfactory. The CUSUM stability test result rasifthe stability of the
model over time. Both the autocorrelation and hetedzsteity problems do
not exist in the Chile case. As reported in the Tabledndnds test confirms
cointegration between nominal interest rate and inflataie. The calculated

F-statistic F; = 7.31is higher than the upper critical value 5.73 at 5 % level.

Broadly speaking, Fisher Effect holds for Chile.

In the examination of Fisher Effect for Denmark, withexception of
one period lagged lending rate in differences, DLR(-LYha coefficients of
the variables are statistically significant. Not onglividual t-test but also
joint significance of F-test for all variables confsnthis result. And the
CUSUM test results justify the stability of the moaefer time. Diagnostic
test results reports that the autocorrelation and hegstasticity problems do
not exist. Bounds test for cointegration signifies tlegeation of null
hypothesis of no long run relationship between the ndnmiterest rate and

inflation rate. The F-statistl’; = 658is more than the upper critical value of

5.73 at 5% significance level. This reveals evidence fshdfi Effect for
Denmark.

In the case of Finland, all the variables enter in® ¢lquation are
statistically significant. The coefficients of thaeoperiod lagged lending rate,
LR(-1) and the inflation rate, INF are -0.048 and 0.39, resadgt Both the
one period lagged lending rate and the inflation rate grefisant at the 1 %
level. The F-statistic measuring the joint significandeall regressors in the
model is statistically significant. The CUSUM stapilitest result plotted
against the critical bound of 5% significance level shtivesmodel is stable
over time. While the autocorrelation problem does notsearithe
heteroscedasticity problem occurs. As mentioned bef&tmestra and
Chowdhury’s (2005) attention about this issue gives a srftiexplanation
why it is natural to detect heteroscedasticity. We hastet whether the long
run dynamics of the model are zero jointly, i.e. ¢befficients of LR(-1) and
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INF are zero. This null hypothesis is not rejected atld¥él. This result can
be taken evidence for the cointegration between thdirlg rate and inflation
rate for the Finland case.

When the model for France is investigated, all the b&®in the
model are significant, except for inflation in first @fénces, DINF, and one
period lagged inflation in first differences, DINF(-1). Aawhally, F-statistic
measuring the joint significance of all the regressom@ssured strongly with
the F-statistics. The model passes the stability thet,autocorrelation and
heteroscedasticity. Plus, the inflation rate hasstipe sign; a change in the
inflation rate affects the government bond yield ratihv@tsame direction. The
bounds test for France could not reject the null hypatrefsno Fisher Effect.

The F-statisticF; = 337 falls below the lower critical value of 4.94 at 5 %

level. Broadly speaking, the Fisher Effect does nod it France, when the
government bond yield is used as a proxy of nominal irttesies.

In the examination of the German case, it is obserdvadrost of the
coefficients of the variables in the model are natigtically significant.
Conversely, F-statistics measuring the joint signiftearof all regressors
shows that the model is overall significant. And tHéSTUM test shows that
the model is stable over time. Diagnostic test resdlb not detect any
autocorrelation and heteroscedasticity. Bounds testdmtegration signifies
the acceptance of null hypothesis of no Fisher Effétie calculated F-

statistic F,2= 3.36 falls below the critical value of 3.79 at 5% sigaifice

level. This reveals the fact that there is no evideoftd-isher Effect for
Germany.

Similar to Germany, the t-test indicates that mdsthe variables do
not play a significant role in the model for India. wtver, joint significance
is not rejected. The null hypothesis of no long runti@iship between the

nominal interest rate and inflation rate is strongbnsented by the small
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value of bounds test. The F-statisfigs= 057is under the lower critical

value of 4.94 at 5 % level. Therefore we conclude thaFtsleer Effect does
not hold for the Indian case.

The analysis for Israel shows that the coefficieotshe long run
variables of the model, TBR(-1) and INF are statidfjcaignificant. The
Treasury bill rate is used to measure the nominalasterate. F-statistics
measuring the joint significance of all the variabkgpports the model
overall. The model passes the tests for autocorrelatidrstability. When the
null hypothesis of no Fisher Effect is tested, resufipsrts that the Fisher
Effect holds for the Israeli case.

The long run coefficients of the model for Italian data the one
period lagged Treasury bill rate TBR(-1) and the inflatide t&lF, which are
statistically significant. No autocorrelation is detxl and the stability of the
model is ensured by the relevant test results. The latdcu F-

statisticF2 = 555, is greater than the critical value of 4.78 only at 10 %

significance level, which provides weak support for the dridiffect. We
conclude that there is not enough evidence of Fisheratmoreship for Italy.

In the model for Japan, most of the variables playgaifccant role.
Moreover, goodness of fit indicator of the model seestetively successful,
R? = 0.65. In addition, no autocorrelation problem is found taedCUSUM
indicates a stable model. Nevertheless, the model in whickending rate is
employed as a proxy of the nominal interest rate dams capture a
relationship between nominal interest rate and inflatae in the long run.

Existence of cointegration is rejected at 5% signifiealewel. F2= 2.39 is

less than the critical value of 4.94 at 5 % level. Exatmnaof the Japanese

data provides no indication for the long run relationstmmng the variables.
When the model for Malaysia is investigated, the caefits of the

one period lagged Treasury bill rate TBR(-1) and inflatioifr l&re found
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negative and positive, respectively. The CUSUM ploes ¢vidence of a
stable model and the model has no autocorrelation probldra. null
hypothesis of no long run relationship i.e. the coedfits of TBR(-1) and CPI

are zero is not rejected with a F-valueRi = 4.46. This result shows that

there is no support for the Fisher Effect in Malaysia.

In the model for Mexico, estimated coefficients foe tlong run
variables are -0.28 and 1.04. The negative sign is oppositesttheoretical
explanation. The relatively high value ofiRdicates the goodness of fit of the
model is satisfactory. The model passes the test dowcarrelation and
stability over time. The bounds test results show it null hypothesis of no

cointegration is rejected at 5 % level with a valu€ pf= 7.34. Thus, Fisher

Effect holds for the Mexican case.

In the analysis for Norway, the estimated coeffitsenf the long run
variables, which correspond to DR(-1) and INF, are siElyy significant in
the model. The CUSUM test approves the stability ofrtiwelel over time.
Diagnostic test results show no autocorrelation anddstedasticity. Bounds
test for cointegration signifies the rejection of nupothesis of no long run
relationship among the nominal interest rate and inflatamte. Therefore,
Fisher Effect holds for Norway.

The case of Singapore demonstrates that except for tkaionf
variable, INF, all the variables are statisticallyrsficant in the model. The F-
statistic measuring the joint significance of all thegressors is also
significant. Bounds test for cointegration revealsftwt that the Fisher Effect

does not hold for Singapore case. The calculated Ftitafi§ = 227 falls

under the lower critical value of 4.94 at 5 % significamael.

In the analysis of South Korea, long run variableghefmodel, LR(-1)
and INF are significant. Test for the joint significanof all variables shows
that the model is significant overall. An increasé¢hia inflation rate variable,
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INF, leads a positive change in nominal interest estesxpected theoretically.
The model passes the autocorrelation and stability. t&$ts bounds test

shows that there is evidence for cointegration at 1€igificance level.F,;

= 5.25 is bigger than the critical value of 4.78 at 10 % ledelvever, 10 %
significance level does not provide a strong evidencen®Ftsher Effect. We
conclude that the Fisher Effect does not hold for S&ottea.

In the model for Turkey in which the Treasury bill ratemployed as
a proxy of the nominal interest rate, both the longvamables, TBR(-1) and
INF are statistically significartF-statistic measuring the joint significance of
all the variables supports the model overall. In addlitibe model passes the
autocorrelation, heteroscedasticity and stability teBb&e bounds test result
shows that the null hypothesis of no long run relatom between the
nominal interest rate and inflation rate is strongigcted at 1 % level with a

value ofF2 = 2065. Thus, Fisher Effect holds for the Turkish case.

In the Fisher Effect assessment for UK, long run Vdem of the
model have a statistically significant contributiorexamining the dependent
variable. In addition, the F-statistic is statistigalignificant at 1 % level. The
CUSUM plotted against the critical bound of 5 % sigaifice level shows a
stable model for UK. The Breusch-Godfrey Serial Catieh LM test
indicates that there is no autocorrelation. Testiegamt significance of long
run variables does not present evidence for cointegragibmeen the nominal

® When we investigate the Turkish case by using interbamesnmarket rate, both long run
variables, INTERR(-1) and INF, are statistically sfgraint. The model passes the diagnostic
tests and the CUSUM stability test result plotted ragjethe critical bound of 5 % significance
level validates stability of the model over time. Aorgase in the inflation rate variable, INF,
leads a positive change in nominal interest rate, as @&dpttreoretically. When the interbank
money market rate is proxied for the nominal interetst, the bounds test for cointegration
signifies the rejection of null hypothesis of no long relationship between the nominal

interest rate and inflation rate. The calculated Rstimt F,2 =1586, is higher than the

upper critical value 7.84 at 1% level. This reveals thdenie for Fisher Effect for Turkey.
The test results for this model are presented in the Alppén
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interest rate and inflation rate. The calculated Hs$i® which is 3.25, is
below the critical value of lower bound even at 10 % lleVee bounds test
result does not support the existence of Fisher Effe¢chéUK data.

The long run variables of the model for USA are oneopelagged
Treasury bill rate, TBR(-1), and inflation rate, INF. Thedel passes the
stability, autocorrelation and heteroscedasticity tegtsessfully. An increase
in the inflation rate variable INF, leads a positivamie in nominal interest
rate, as the theoretical explanation suggests. Bountidotesointegration

denotes no long run relationship between the nomin&@rest rate and
inflation rate. The calculated F-statisfig, = 461 falls under the lower

critical value of 4.94 at 5 % significance level. This adgethe fact that the
Fisher Effect does not hold for the USA case.

As a conclusion, our findings are generally supportive ®fetkistence
of a long run relationship between the nominal interatst and inflation rate
in Argentina, Brazil, Chile, Denmark, Finland, Mexico andKey. However,
our estimation results imply that the coefficienfstiee one period ahead
inflation rate are positive but greater than one fbohathese countries. The
positive sign is consistent with the theoretical arptions of the analytical
model. This result shows that “Full Fisher Effect”pilying one-for-one
adjustment of the nominal interest rate to inflatiate does not hold for any
of these countries.

5.3 Discussion:

In this section, we briefly compare our results to ¢hmeported in the
other multi-country analysis. The test results of study for Fisher Effect
contradicts with some of the previous empirical findiregpecially in several
respects from those of Berument and Jelassi (2002)g Wsamthly CPI index
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and either Treasury bill rate or lending rate coveringpgméod from 1957:01
until 1998:05, Berument and Jelassi (2002) investigate the Fashénk
among the twenty six countries using an error cornegtiodeling approach
suggested by Moazzami (1989) which allows for direct estsnat the long
run coefficients. In their study there is a tendemcygdnfirm the Fisher Effect
for most of the countries, especially in developed castiThey find that
Fisher Effect tends to hold for 67 % of the developed caston the other
hand the same ratio is 50 % for the developing countkiEseover they
interpret this result by referring to Olekalns (1996) who suggdsat the
Fisher Effect tends to hold in a financially deregulatexhemy.

Contrary to this finding, our analysis illustrates thHa Fisher Effect
does not have a tendency to hold in developed countigserfhypothesis is
rejected for seven of the ten developed countries whielCanada, France,
Germany, ltaly, Japan, UK and USA. Furthermore, we did fmd any
evidence to reject the Fisher hypothesis for six of tive developing
countries, which are Argentina, Brazil, Chile, Israeéxito, and Turkey. Our
analysis shows that the adjustment of nominal interate to expected
inflation rate is encountered mostly for the developingntees which have
inflationary history in their economies. Most of theseuntries are
experienced diverse economic situations like deep recesshigh-inflation
rates, currency crises, macroeconomic stability pdanasderegulations during
the study period. As mentioned in chapter 2, the liquidifect and Fisher
Effect are the two effects to determine the relatigndl@tween inflationary
expectations and nominal interest rate. Fisher (1930¢sstiiat at higher
inflation rates, when the expected inflation increabedh)er Effect dominates
liquidity effect. Our findings corroborate his staternen

Consistent with the findings of our analysis, Maghyrett AkRZoubi
(2006) examine the existence of Fisherian link for ArgentiBaazil,

Malaysia, Mexico and Turkey using the nonlinear cotrendisf. tThey
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applied a nonparametric test suggested by Bierens (2000 ttata of these
six developing countries. Their findings support the ideattiee is a linear
combination between the expected inflation rate and ndnmtexest rate in
these six countries. Moreover, their result indisatee existence of a Full
Fisher Effect, meaning presence of a money illusion iseth#geveloping
countries.

In the recent study of Berument, Ceylan and Olgun (2@B6&)yalidity
of a positive relationship between the nominal interas¢ and expected
inflation and the inflation risk effect on the intereate is checked in 54
developed and developing countries. The simple Fishen&n Without the
impact of inflation risk- is tested using the GARCH speation for G7
countries plus 47 developing countries. The Fisher EffeldistHor all the G7
countries and only for 23 developing countries. When thiatioh risk is
added to the regression, validity of the Fisher Effetidshes to 6 of the G7
countries and 18 of the 47 developing countries. When tlesionf risk added
version of the analysis is considered, the adjustmiembminal interest rate to
expect inflation is not encountered only for Italy amotihg developed
countries which is consistent with our finding about ltaHowever, the
conflicting results for the developing country findings srs
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CHAPTER 6

CONCLUSION

The interest rate plays a crucial role in determinengrgy, investment
and in fact almost all intertemporal decisions. Explanat about why the
interest rates rise and fall with the changes in thehasing power of money
are attributed to the Fisher Effect. Fisher Effect leagizes a long run
relationship between the nominal interest rate andtimflarate implying an
adjustment of nominal interest rate to the movemmnislation rate.

This thesis aimed to accomplish two distinct objedivFirstly, we
investigate the existence of Fisher Effect for twentyntoes; ten of which
are developed and the rest are developing countries. Thjsweaanalyze the
distinction of Fisher relation between the developeddmawtloping countries
which have different macroeconomic backgrounds, espeamaifrms of their
inflation history.

Secondly, we test the Fisher Effect by employing aemtdg
popularized cointegration analysis; i.e. this study usedthends test based
on the Autoregressive Distributed Lag (ARDL) approach toerd@he
whether there is a relationship between nominal intawst and expected
inflation rate in the long run. Using the ARDL approachdetect the Fisher
Effect has numerous advantages: Firstly, the OLS bABd2l approach to
testing of a relationship between variables in levelsbeaapplied irrespective
of whether the variables are purely | (0), purely 1(1) amiature of both
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(Pesaran et. al., 2001). It avoids pre-testing problem @as$sdavith standard
cointegration techniques that makes it easy to use. Sgcomel model takes
sufficient numbers of lags to capture the data gemgratiocess in general-to-
specific modeling framework (Launrenceson and Chai, 2003). agmusoach
gives robust results in small sample size while theadsen cointegration test
requires large samples for validity purpose. Finallyjadgic error correction
model (ECM) which can be derived from ARDL by a simple Inea
transformation, integrates the short run dynamicsh wibhe long run
equilibrium without lack of long run information (Banegjet. al., 1993).

The study is conducted for Argentina, Brazil, Canada, Chiémmark,
Finland, France, Germany, India, Israel, Italy, Japslalaysia, Mexico,
Norway, Singapore, South Korea, Turkey, the United Kingdaomd the
United States. The data are quarterly and span the peri®@86f01-2006:3.

Measuring the expected inflation creates the main probiestudying
the Fisher Effect. In our analysis, we follow AtkinsdaCoe (2002) and we
measure expected inflation by using one period ahead inflatitey by
invoking rational expectations. When the stationarityustaf the nominal
interest rate and inflation rate is examined, anot&rfication of employing
the bounds testing approach appears. With the exclusiddkrgeitina and
Mexico cases, for all countries the order of integratef the variables-
nominal interest rate and inflation rate- are mixede Tésidual based Engle-
Granger (1987) and the maximum likelihood based Johansen (1988) and
Johansen-Juselius (1990) methods fail to capture the gmatitsn relationship
between variables under this condition.

Our analysis illustrates that the Fisher Effect haviendency of not
holding for developed countries. For seven of the ten tcesn which are
Canada, France, Germany, lItaly, Japan, UK and USAeFigypothesis is
rejected. Furthermore, we do not find any significant evidencreject the
Fisher hypothesis for six of the ten developing countnigsch are Argentina,
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Brazil, Chile, Israel, Mexico, and Turkey. The adjustmainbominal interest
rate to the expected inflation is encountered mostly ther developing
countries which have inflationary history in their ecomes.

Results of our analysis detect some indications aboder which
conditions Fisher Effect tends to hold. The liquidstyect and Fisher Effect
are the two effects to determine the relationship betweflationary
expectations and nominal interest rate. Fisher (1930¢sstéiat at higher
inflation rates, when the expected inflation increabedh)er Effect dominates
the liquidity effect. Our findings corroborate his stag@in

In the analysis of Canada and USA, we did not find cgnat@n
between the nominal interest rate and expected inflasittn However, in the
literature, when the structural shifts in the dataaset taken into account,
investigation of Fisher hypothesis for these countriesdstly verified® In
our study the possible reason for the rejection of thkelF Effect for Canada
and USA can be the structural change in the time seéaies

When the estimates of the parameter describing the longesponse
of nominal interest rate to changes in the inflatiate rare investigated for the
countries which the null of no long run relationshipegcted, our results are
consistent with the Fisher Effect. On the other hamekd long run parameters
are different from 1.0, thus we do not capture the oneiie relationship
between the nominal interest rate and inflation rabat is we do not find any
evidence of the Full Fisher Effect.

! See Bekdache (1999), Garcia and Johansen (2000), Garcia eord (R886), Malliaropulas
(2000), Lai (2004) and Clemente, Montanes and Reyes (2002).
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Explanations with serial codes of the nominal interestate and inflation
rates for each country:

APPENDICES

APPENDIX A

Serial Codes

Country Nominal Interest Rate | Inflation Rate
Argentina 21360L..ZF... 21364...ZF...
Brazil 22360K..ZF... 22364. B.ZF...
Canada 15660K..ZF... 15664...ZF...
Chile 22860P.FZF... 22864...ZF...
Denmark 12860P...ZF... 12864...ZF...
Finland 17260P...ZF 17264...ZF
France 13260C..ZF... 13264...ZF...
Germany 13460C...ZF 13464. D.ZF...

13464...ZF...
India 53460P..ZF... 53464...ZF...
Israel 43660C..ZF... 43660P...ZF...
Italy 13660C..ZF... 13664...ZF...
Japan 15860P..ZF... 15864...ZF...
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Malaysia 54860C...ZF... 54864...ZF...
Mexico 27360C..ZF... 27364...ZF...
Norway 14260L..ZF... 14264...ZF...
Singapore 57660C..ZF... 57664...ZF...
South Korea 54260P..ZF... 54264...ZF...
Turkey* 18660B..ZF... 18664...ZF...
UK 11260C..ZF... 11264...ZF...
USA 11160C..ZF... 11163BA.ZF...

* This serial code represents the interbank money mastetfor Turkey.
Treasury bill rate data for Turkey is collected from tiseanbul Stock

Exchange Market.
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APPENDIX B

Explicit equation form of regressions for each country:

Argentina
DDR = - 691.867 — 2.559 DR(-1) + 132.268 INF - 0.17DDR(-1) + 0.757
DDR(-2) - 0.346 DDR(-3) + 128.081 DINF

Brazil

DSDR = 22.608 + 1.136 SDR(-1) - 24.892 INF - 1.327 DSDR(-1) - 0.496
DSDR(-2) - 0.067 DSDR(-3) - 0.008 DSDR(-4) + 106.867 DINF + 47.066
DINF(-1) + 16.535 DINF(-2)

Canada

DTBR = 0.177 - 0.068 TBR(-1) + 0.332 INF + 0.428 DTBR(-1) - 0.11
DTBR(-2) + 0.382 DTBR(-3) - 0.227 DTBR(-4) + 0.148 DTBR(-5) - 0.336
DINF - 0.277 DINF(-1) - 0.378 DINF(-2) - 0.310 DINF(-3) - 0.369 DN

- 0.222 DINF(-5) - 0.297 DINF(-6)

Chile
DLR = 1.811- 0.309 LR(-1) + 1.801 INF - 0.028 DLR(-1) + 0.066 DLR(-2) +
2.834 DINF

Denmark
DLR = 0.103 - 0.077 LR(-1) + 0.944 INF + 0.175 DLR(-1) - 1.073 DINF -
0.810 DINF(-1) - 0.755 DINF(-2) - 0.592 DINF(-3)

Finland
DLR = 0.061 - 0.048 LR(-1) + 0.399 INF + 0.372 DLR(-1) - 0.238 DINF -
0.188 DINF(-1)

France

DGBY = 0.064 - 0.063 GBY(-1) + 0.59 INF + 0.603 DGBY(-1) - 0.45
DGBY(-2) + 0.362 DGBY(-3) - 0.360 DGBY(-4) - 0.309 DINF - 0.247
DINF(-1)

Germany

DTBR = 0.174- 0.042 TBR(-1) + 0.028 INF + 0.423 DTBR(-1) + 0.08
DTBR(-2) + 0.201 DTBR(-3) - 0.017 DINF
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India
DLR = 0.256 - 0.020 LR(-1) + 0.004 INF + 0.412 DLR(-1)

Israel
DTBR = 1.854- 0.312 TBR(-1) + 0.752 INF + 0.116 DTBR(-1) - 0.250 DINF
+ 0.040 DINF(-1) - 0.0004 DINF(-2)

Italy
DTBR = -0.248 - 0.133 TBR(-1) + 1.286 INF + 0.3173 DTBR(-1) - 0.839
DINF - 0.684 DINF(-1) - 0.424 DINF(-2)

Japan
DLR = 0.033 - 0.013 LR(-1) + 0.032 INF + 0.777 DLR(-1)

Malaysia
DTBR = 0.230 - 0.121 TBR(-1) + 0.456 INF + 0.0854 DTBR(-1) - 0.367
DINF

Mexico
DTBR = 1.718 - 0.287 TBR(-1) + 1.044 INF - 0.176 DTBR(-1) - 0.113
DTBR(-2) + 1.526 DINF

Norway
DDR = 0.226 - 0.222 DR(-1) + 1.511 INF - 0.310 DDR(-1) - 0.715 DINF -
0.149 DINF(-1) + 0.047 DINF(-2)

Singapore
DTBR =0.253 - 0.149 TBR(-1) + 0.173 INF - 0.232 DTBR(-1) - 0.268
DTBR(-2)

South Korea
DLR = 1.276 - 0.197 LR(-1) + 0.401 INF - 0.228 DLR(-1)

Turkey
DTBR = 9.308 — 0.628 TBR(-1) + 3.640 INF + 0.156 DTBR(-1)

UK
DTBR = 0.141 - 0.112 TBR(-1) + 0.66 INF + 0.081 DTBR(-1) - 0.163
DTBR(-2) - 0.027 DINF + 0.262 DINF(-1) + 0.324 DINF(-2) + 0.469NB(-

3)

USA
DTBR = 0.145 - 0.041 TBR(-1) + 0.070 INF + 0.594 DTBR(-1)
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APPENDIX C

The plots of the stability test results: Cumulative sum ofrecursive
residuals (CUSUM)

(1) Argentina: Stability Test Result, CUSUM
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(2) Brazil: Stability Test Result, CUSUM
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(3) Canada: Stability Test Result, CUSUM
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(4) Chile: Stability Test Result, CUSUM
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(5) Denmark: Stability Test Result, CUSUM
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(6) Finland: Stability Test Result, CUSUM
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(7) France: Stability Test Result, CUSUM
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(8) Germany: Stability Test Result, CUSUM
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(9) India: Stability Test Result, CUSUM
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(10) Israel: Stability Test Result, CUSUM
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(12) Japan: Stability Test Result, CUSUM
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30

20 e

10 - -7

-10 e

-20 T

-30

86



(14) Mexico: Stability Test Result, CUSUM
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(15) Norway: Stability Test Result, CUSUM

30

20 I

o T

-10{ T

-20 T —
-30 T T T T T T
20 30 40 50 60 70
— CUSUM --—-—-- 59%b Significance

87




(16) Singapore: Stability Test Result, CUSUM
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(17) South Korea: Stability Test Result, CUSUM
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(18) Turkey: Stability Test Result, CUSUM
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(19) UK: Stability Test Result, CUSUM
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(20) USA: Stability Test Result, CUSUM
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APPENDIX D

The test results for Turkey: Interbank money market rateis proxied as a

nominal interest rate

Turkey:

Turkey: ARDL (2, 1), Dependent Variable: DINTERR

Regressor Coefficients Standard Error T-Ratio
C 18.27832 6.645914 2.750309
INTERR(-1) -0.634500 0.112627 -5.633620
INF 1.665164 0.511140 3.257746
DINTERR(-1) 0.198252 0.107930 1.836858

Key Regressions:
R*= 0.30

D-W Statistic: 1.99

F 4. 74)= 7.959 (0.000)

Diagnostic Test Statistic

Autocorrelation [, 70)= 1.099 (0.363)
Heteroscedasticity;71)= 1.481 (0.196)

Explicit equation form of regressions:

DINTERR = 18.27 — 0.63 INTERR(-1) + 1.66 INF + 0.19 DINTERR(-
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Turkey: Stability Test Result, CUSUM, Dependent Variable DINTERR
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