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Abstract

Quantitative easing conducted by European centaatkbto fight persisting risks of deflation is
drawing an attention of increasing number of engaitistudies. Moreover, effectiveness of monetary
policy at near zero inflation rates reveals lotis§ues on whether interest rates really have a towe
bound around zero percent. As a result, traditiom@ws on the role of inflation expectations and
expected real interest rates in the long-term ieserrates determination face the challenge of
fundamental revision. In the paper we analyze redatontributions of inflation expectations and
expected real interest rates to long-term interestes on government bonds leading path by
employing SVAR methodology. We also decomposeltdrgséerm interest rates into transitory and
permanent components. Our research revealed significhanges in the relative contribution of
inflation expectations and expected real intereses to the long-term interest rates determinatron
the periphery countries of the Euro Area in comgani with the core of Euro Area (France and
Germany). The crisis period even intensified tread.
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1. Introduction

Recent macroeconomic development in the Euro Awmeacharacterized by persisting
deflationary pressures. As a result, deflationanvirenment induces fundamentally different
background for the economic policy framework andatesl institutions experimenting with a
convenient policy mix to provide growth incentivaed improve growth perspectives in the Euro
Area. While governments seek optimum compromisavéen growth stimulation and consolidation
efforts that would provide crucial incentives toosbdomestic demand while maintaining conditions
for fiscal sustainability of public budgets, Eurapecentral bank (ECB) conducts another wave of
guantitative easing aiming an increase in the eéiaflation (Krishnamurthy and Vissing-Jorgensen,
2011). While increased inflation would reduce psigg risks of deflationary spiral, it should also
stimulate an increase in the nominal interest réte® today's near zero levels and improve the
traditional signaling function of the price of mgneMoreover, higher nominal interest rates should
also help to boost real interest rates that areadays occasionally falling to unprecedentedly negat
levels (Bindseil and Winkler, 2012).

Nominal interest rates in the Euro Area member traas followed generally criticized
decreasing and mutually converging trend since liaginning of the Euro Area establishment
(Acharya and Steffen, 2015). Introduction of singlérrency on a very heterogeneous group of
countries induced undesirable convergence espgeciall the long-term interest rates on the
government bonds. Reduction of differences amotegest rates of the Euro Area member countries
resulted from decreased expected risk premium rezed by financial markets being supported by
(un)conventional operations of ECB that many ecdetareriticized and indicated as one of the key
design failures of the Euro Area (De Grauwe, 2013).

In the paper we examine influence of inflation ectpons and expected real interest rates on
the long-term nominal interest rates of governntemtds with ten years maturity in PIGS countries by
employing SVAR (structural vector autoregressiorgthmdology. Impulse-response functions are
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calculated to estimate responsiveness of nomimag-term interest rates to the unexpected inflation
expectations and ex-ante real interest rates shdtksalso decompose nominal interest rates on
government bonds into inflation expectations angketed real interest rates components to examine a
contribution of both components to the conditioveliability of long-term nominal interest rates.Ou
results indicate that both components significamttermined main trends in the development of
interest rates on government bonds since 2000.hAtsame time, relative contribution of both
components revealed significant differences whenpaoring our results for PIGS countries with those
of Germany and France.

2. Relationship between Interest Ratesand Inflation

Questions associated with fundamental determinaftaominal interest rates are widely
discussed in the recent empirical literature. Gidberang already mentioned deflationary pressures and
near zero levels monetary policy conducted by EG&#¢ exist a large number of research studies
examining a relative importance of inflation ex@ditins and expected real interest rates in the
nominal interest rates determination (Vayanos aild, \2009). Key characteristics and implications
resulted from the relationship between inflatiord anterest rates provide crucial information for
monetary authorities.

Inflation and interest rates are interconnectedadifional linkage between inflation and
interest rates refers the causal (bi-directionalldtionship well documented by both theoretical and
empirical literature that operates via transmissr@thanism. As a result, changes in inflation irduc
adjustments in interest rates (Crowder and Hoffni896). Causal linkage between inflation and
interest rates is regularly examined by centrakbdhat preserve price stability and purchasinggrow
of domestic currency by increasing interest ratesnd the periods of higher inflation following
particular monetary policy rule (Fendel, 2009). @ other hand, inflation pressures are not
necessarily associated with imbalanced demandrdggenomic growth where increased interest rates
would prevent the economy from overheating. Inadasflation accompanies not just highly
performing economies but may be also fueled byriatedistortions or external shocks that the
economies may experience even during the receq&ariris, 2006). Deflationary environment
provides quite specific fundamental backgroundtlier interest rates determination (Peersman, 2011).
Near zero levels of nominal interest rates combiwéti increasing real interest rates induced by
decreasing price level reduces maneuverability iwitxisting operational framework of monetary
authorities. As a result, central banks tend to leynunconventional instruments to accelerate
inflation (Borio and Disyatat, 2009).

Nominal interest rates are not necessarily detexthjost by the rate of inflation (Booth and
Ciner, 2000). It is due fact that nominal interestes consists of two components - real value of
money and inflation premium. As a result, changesdminal interest rates may be caused not only
by forces determining the rate of inflation, busaaby a number of variables affecting real interest
rates (expectations of agents included) (Eijffingeal., 2000). Nominal price of money is deterrdine
by a wide variety of determinants, that is why symot seem to be clear, whether the volatility of
nominal interest rates is caused by changes iatiofi expectations or expected real interest rates.
Correct identification of the sources of the vdigtiof nominal interest rates is a crucial part of
successful monetary policy decision-making (McGoeaglal., 2005). For example, an increase in the
nominal interest rates caused by higher inflatigpeetations of agents represents a correct signal f
monetary policy tightening. Corresponding increasehe rate of interest seems to be well suited
decision for reduction of excessive inflation prgses. On the other hand, an increase in the nominal
interest rates caused by higher expected reaksttestes is usually associated with different remye
policy consequences.

3. Interest Rates Determination in Empirical Literature

Gerlach-Kristen and Rudolf (2010) compared threenetary operating procedures by
examining optimal policy reaction functions, impulesponses and simulated volatilities of inflation
the output gap and the vyield curve to examine iltjatof interest rates and other main
macroeconomic variables. Their results suggest Woditilities in key variables under different
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monetary-policy framework (commitment vs. discrejioare strongly dependent on general
preconditions (normal times vs. financial distre&sjfinger, Schaling and Vehagen (2000) analyzed
the relevancy of the term structure of interestgdor the transmission process of the monetaigypol
Authors identified and empirically tested the |degm interest rates as a crucial indicator for
monetary policy discretionary changes. Emiris (908composed long-term interest rates into term
premium and inflation premium to investigate theirses of average premium on ten years bonds
variability. Author also examined responses oftdren premia to the different shocks. Fendel (2009)
intended to support the empirical findings on thi®imation content of the term structure of intéres
rates for monetary policy. Kulish (2007) analyzed toles (first, as a key determinant in the resrcti
function of the monetary authority; second, asruments of policies) that long-term nominal intéres
rates can play in the conduct of the monetary poldécGough et al. (2005) investigated the problem
of short-term versus long-term interest rates bilita to operate as a monetary policy instrument.
Authors highlight and discuss a crucial role ofatibn expectations and real interest rate forciielg

the most appropriate interest rate as a key lia monetary policy framework. Michaud and Upper
(2008) identified the origins of interbank interesites volatility by examining the possible
determinants of the risk premium contained in thenay market interest rates. Rudebusch et al.
(2007) examined the origins and implications ofrgjes in bond term premiums for economic activity
to analyze the stability of long-term interest satéuthors also analyzed empirical relationship
between short-term and long-term interest rates.

St-Amant (1996) employed bivariate SVAR model talgre the impact of expected inflation
and ex-ante real interest rates on the nominatdasterates volatility of government bonds with
maturity one year and ten years in the U.S.A. kallg author's results we may conclude that
inflation expectations seems to prevailing deteemtnof nominal interest rate volatility since the
beginning of 1970s till the middle of 1980s, wherehifts in expected real interest rates substbntia
contributed to the nominal interest rates volatiduring the first half of the 1990s. Deacon a Rerr
(1994) provided a variety of methods for identifioa of market interest rate and inflation premium
from the interest rates associated with governrbentls. Engsted (1995) implemented cointegration
analysis and VAR methodology to examine propediesterest rates and inflation time series. Neely
a Rapach (2008) analyzed time series for real ésterates employing growth equilibrium model.
Authors dedicated extra effort to investigate aspnee of persistence patterns especially in medium
and long time period. Ragan (1995) analyzed tinnacire of nominal interest rates to estimate
inflation expectations of agents. Results of hipiital investigation provided interpretation ofeth
real interest rate volatility over time. CrowdeHaffman (1996) analyzed mutual interconnections
between inflation and interest rates. Implement&hFS methodology helped authors to isolate
permanent and temporary sources of volatility fomimal interest rates and inflation time seried. La
(2004) examined properties of time series for iatdrest rates. Author investigated conditions to
maintain a time series stacionarity under chandgemgth of base period. Garcia a Perron (1996)
analyzed long-run features of time series for net@rest rates in the U.S.A. Lanne (2002) verited
validity of Fisher effect following the results tfng-run interconnections testing between inflation
and nominal interest rates in the U.S.A.

4, Econometric Modd

VAR models represent dynamic systems of equationghich the current level of each
variable depends on past movements of that varitdeall other variables involved in the system.
Residuals of vectoe, represent unexplained movements in variables dfsffef exogenous shocks

hitting the model); however as complex functionswiictural shocks effects they have no economic
interpretation. Structural shocks can be still vered using transformation of the true form
representation into the reduced-form by imposingiuanber of identifying restrictions. Applied
restrictions should reflect some general assumgtaiyout the underlying structure of the economy
and they are obviously derived from economic theory

In the paper we employ methodology introduced bgnBhard a Quah (1988) who estimated
bivariate model with two types of exogenous shocks. identify structural shocks authors
implemented identification scheme based on decoimgasffects of the shocks into permanent and
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transitory components. Long-run identifying regtdos were applied on the variance-covariance
matrix of reduced form VAR residuals.

Following our objective we estimate a model comsgsof the vector of endogenous variables
X, and the same number of primitive (structural) &sodJnrestricted true form of the model is

represented by the following infinite moving averagpresentation:

X, = Af + Aea+ As, + .= > As, =3 Als 1)
i=0

i=0

irn t a, a, £P2v1
= (2)
o) la. a.le,

where X, = [irm,pt] is nx1 vector of the endogenous macroeconomic variabitgs { long-term

or

nominal interest ratep, - rate of inflation), A(L) is a n x n polynomial consisting of the matrices of
coefficients to be estimated in the lag operdtorepresenting the relationship among variablesen t

lagged values,¢, is nx1l (q :[Epn"’"".f,l]) vector of identically normally distributed, sehal

uncorrelated and mutually orthogonal errors (whitése disturbances that represent the unexplained
movements in the variables, reflecting the inflleentexogenous shocks):

E(g)=0, E(gg)=2%.=1, E(ge,) =[0] Otzs 3)

we assume two exogenous shocks that contemporadpeaftects endogenous variables - inflation
expectations shoc(<€ pevt) and expected real interest rates :sh()ﬁ;,lgt ) .

Structural exogenous shocks from equation (1) ak directly observable due to the
complexity of information included in true form VARsiduals. At the same time, the shocks in the
reduced form are likely to be correlated so theynca be considered as true structural shocks. As a

result, structural shocks cannot by correctly idiat. It is than necessary to transform true maonl
following reduced form:

X =+ GUt Gyt = X Gy =) By ()

o
i=0

{irn,ti| - |:011 C12j| uievt (5)
pt C21 sz uirre t
where C(L) is a n X n polynomial of matrices with coefficients represegtthe relationship among

variables on the lagged values andis a n X 1 vector of normally distributed errors (shocks in
reduced form) that are serially uncorrelated butrmzessarily orthogonal:

or

E(u)=0, %, =E(yy)=AHes) A= AL Hyy) =[d O - ©

Relationship between reduced-form VAR residu@lg) and structural shockge,) can be
summarized from equations (1) and (4) as follols= A)gt. MatricesC, we obtain from estimated
equation (1). Consideringy = G Ay, we can now identify matrin%. To estimate coefficient of

matrix A) it is necessary to impose four restrictions. Tesetrictions are simple normalizations,
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which define the variance of the shoc&ps,,t and &, , (it follows the assumption that each of the

disturbances has a unit varianoer(€) =1). Third restriction comes from an assumption that
identified shocks are orthogonal. Normalizationdthger with an assumption of the orthogonality
implies A)/A =X, where X is the variance covariance matrix dfpet and & . The final

restriction, which allows the matriCto be uniquely defined, represents the long-rumtifiéeng
restriction providing that a cumulative effect apected real interest rate shock to the nominalest
rates variability is zero. Long-run identifying testions enable us to isolate temporary and peentn
sources of nominal interest rates volatility andstho distinguish effects of both structural shooks
endogenous variables of the model.

The equation (2) we can now rewrite to the follogviorm:

irnt 1 0 (gievt
= (7)
P -1 gir,e,t
Correctly identified model can be finally estimataploying SVAR methodology. Variance
decomposition and impulse-response functions ampuated to observe a relative contribution of
inflation expectations and expected real interasts shocks to the nominal interest rates condition

variance as well as response of nominal interéss i@ one standard deviation inflation expectation
and expected real interest rates shocks.

5. Data and Results

We've estimated bi-variate SVAR model for PIGS doi@s, Germany and France to estimate
the responsiveness of their long-term nominal ederates to the positive one standard deviation
inflation expectations and expected real interags shocks. Monthly data for the period of 2000M1-
2007M12 (model A) consisting of 96 observations &rdhe period of 2000M1-2015M4 (model B)
consisting of 184 observations were employed fer itiierest rates on government bonds with ten
years maturity and inflation based on consumeregri€stimation of two models for each individual
country should be helpful in examining crisis rethteffects on calculated results. Time series for
inflation were seasonally adjusted. Time seriesafbendogenous variables were collected from IMF
database (International Financial Statistics, Sepér 2015).

5.1 Testing Procedures

Estimation of both models and correct identificatiof structural shocks affecting both
endogenous variables it is necessary to preseatiersrity of the VAR model. To test the statiotari
of both models it is necessary to check the tinreesdor unit roots and cointegration. To test the
stability of the VAR model we have also appliedwanber of diagnostic tests of the VAR residuals
(normality, serial correlation, heteroskedasticity)

Augmented Dickey-Fuller (ADF) and Phillips-PerroPR) tests were computed to test
endogenous variables for the unit roots presenct BDF and PP tests indicate that all variables ar
non-stationary on values. As a result, the nulldtlgpsis of a unit root presence cannot be rejdored
any of time series. Testing variables on firstafifinces indicates that time series are statioiey.
may conclude that variables are integrated of atdét).

Because all endogenous variables have a unit tost mecessary to test time series for
cointegration using the Johansen and Juseliusegpation test. The test for the cointegration was
calculated using three lags as recommended by the (Akaike Information Criterion) and SIC
(Schwarz Information Criterion).

The results of Johansen cointegration tests coaflrour results of unit root tests. Both the
trace statistics and maximum eigenvalue statigfixgth at 0.05 level) indicate that there is no
cointegration among endogenous variables of thesinod
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To test the stability of VAR models we also empldygenumber of diagnostic tests. We found
no evidence of serial correlation, heteroskedagtamd autoregressive conditional heteroskedagticit
effect in disturbances. The model also passesaitueid-Bera normality test, so that errors seeneto b
normally distributed. VAR models seem to be stai® because inverted roots of the model for each
country lie inside the unit circle. Detailed resulf time series testing procedures are not regdriee
to save space. Like any other results, they argade upon request from the author.

5.2 Impulse-Response Functions

Figure 1 summarizes responses of nominal intea¢ss on ten years government bonds to the
positive one s.d. shocks of inflation expectatiansl expected real interest rates in PIGS countries,
Germany and France during pre-crisis (model A)extdnded (model B) periods.

Figure 1: Responses of Long-term Interest Rat&htks of Inflation Expectations and Expected
Real Interest Rates
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Note: Curves represent responses of long-term radriniterest rates (IR) to the positive one standindation
inflation expectations shock (ie) and expected irgatest rates shock (irr) in models A (2000M1-20Q2) and
B (2000M1-2015M4).

Source: author’s calculations
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Impulse-response functions of long-term nominakriest rates revealed mostly similar
response patterns of interest rates on ten yeaesmgoent bonds to the underlying shocks across all
countries though we have observed some differebeegeen peripheral economies (PIGS) and two
Euro Area core countries. Moreover, differencesvben both groups of countries are present in both
models covering pre-crisis and extended periods.

Expected real interest rates dominated in detengitong-term interest rates during almost
whole first year since the shock in all six cousdgriNominal interest rates immediately increasest af
the positive expected real interest rate shock. év@w responsiveness of nominal interest ratelseto t
shock of expected real interest rates was sligtigiier in the peripheral countries. Effect of theask
culminated within first three months and then silgatied out during subsequent two years since the
shock in the whole group of countries. Comparisbthe results for pre-crisis and extended periods
revealed interesting differences between periphanal the core Euro Area members too. Despite
some minor differences, responsiveness of long-tererest rates to the shock of expected real
interest rates in peripheral countries during tReerded period slightly increased (effect is clear
especially during first months since the shock)jlevirrance and Germany experienced opposite
trend. We suggest that investors required highslr premium (associated with higher expected real
interest rates) to hold risky government bondsI&3countries considering that these countries were
exposed the most to the threat of default duriegctises period.

Effects of inflation expectations on long-term naaliinterest rates seem to be much stable in
all six countries. While short-term (within firsivélve months since the shock) response of interest
rates to the shock of inflation expectations wasegally lower than in case of expected real interes
rates, it remained positive and stable with indreptag and even permanent in the long run. Crises
period affected responsiveness of interest rateteonyears government bonds to the shock of
inflations expectations in both groups of countrigghile the vulnerability of long-term nominal
interest rates to the shock of inflation expectaiin periphery countries decreased, Germany and
France experienced opposite scenario. Economid3l@$§ countries suffered the most during the
crisis period. We suggest that the reasonableofigleflation and deflationary spiral reduced thie ro
of inflation expectations for the nominal interesties determination.

While the low number of countries included in oample does not enable us to postulate
generalized policy recommendations that would tefsam our conclusions, existing differences in
the relative contributions of inflation expectasoio the long-term interest rates leading path éetw
periphery countries and the core of the Euro Asgaasented by Germany and France reveals many
opened questions associated with suitability of etary policy conducted by ECB in the single
currency area consisting of significantly heteragmrs countries. Implications of quantitative easing
accompanied by near zero levels of the key inteedst aiming to boost the inflation may be biased
due to existing differences in the inflation exagicns between North and South of the Euro Area.

5.3 Decomposition of Long-term Nominal Interest Rates

Following examination of the responsiveness of ldmg-term nominal interest rates on ten
years government bonds to the unexpected shodkdlation expectations and expected real interest
rates we provide decomposition of long-term interages into inflation expectations and expected
real interest rates components in this sectiortid®@y and permanent components of the long-term
interest rates are calculated by the accumulatidgheoeffect of both structural shocks. Estimatidn
expected real interest rates is calculated by gdtffia stationary to the mean of difference between
observed long-term interest rates and contempousnete of inflatioh (St-Amant, 1996). Estimation
of inflation expectations is calculated by subtiragtalready calculated expected real interest rates
from the nominal long-term interest rates.

! Portugal (3.13%), Italy (2.39%), Greece (5.01%ai8 (1.89%), Germany (1.81%), France (2.06%).
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Figure 2: Decomposition of Long-term Interest Ratessovernment Bonds
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Note: Curves represent development of nominal ésterate of ten years government bonds (ir), iiftat
measured by CPI (cpi) and estimated componenttlafion expectations (cpie) and expected realéserates
(@irr).
Source: author’s calculations

Decomposition of long-term interest rates on tearyegovernment bonds in the periphery
countries, Germany and France revealed intereglifigrences in the (a) relative contributions of
inflation expectations and expected real interatgsrinto nominal interest rates leading path sinee
establishment of the Euro Area as well as (b) imlahip between inflation rates and inflation
expectations in the above mentioned countries. D trend in long-term interest rates in the Euro
Area member countries and related convergenceein development between North and South was
associated with decrease in inflation expectatwimée expected real interest rates remained reltiv
stable (Figure 2). First crucial implication regsdtfrom our estimations is represented by clear
differences between inflation and inflation expéotss derived from long-term interest rates between
periphery economies and the core of Euro Area (@eynand France). Inflation expectations tend to
undershoot a trajectory of inflation path during tuhole pre-crisis period. Moreover, this trend was
even intensified during the crisis period. We ssgjgieat increased uncertainty on the markets tegeth
with crisis related problems (recession, risk ofad#, fiscal unsustainability, etc.) clearly reedc
inflation expectations below recent rates of indlat As a result, risk of deflation during the els of
decreasing inflation expectations that even undertslow inflation target clearly increases. Moregve
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low inflation expectations that undershot trueatifin in periphery countries of the Euro Area ingluc
higher expected real interest rates in comparisiti tveir true levels. Similarly to our results ifino
impulse-response analysis we suggest that unddgmspqmatterns in inflation expectations result from
increased fear of deflation and slumping real eagnn light of tightening financial conditions that
boost expected real interest rates up.

Decomposition of interest rates on government boind€sermany and France revealed
different picture about the relative importancerdfation expectations and expected real interasts
in long-term interest rates determination. Inflatexpectations tend to overshoot the long-term path
inflation in both countries during the whole peridchis pattern is more significant during the pre-
crisis period. Higher inflation expectations thacent inflation that did not induce excessive iidia
pressures are good signal for central bank in gtes though during periods of persisting
deflationary pressures combined with recessionaly mecrease the chance to boost inflation up and
possibly worsen the deflationary spiral. Howeveismatch between inflation expectations and recent
inflation decreased during the crisis period. Omn dkher hand, lower expected real interest rageas, a
component of nominal long-term interest rates, ninagrove liquidity of government bonds in both
countries and soften the conditions on their sagardebt markets.

5. Conclusion

Examination of the relative importance of inflatiempectations and expected real interest
rates in determining long-term nominal interesesabn ten years government bonds in periphery
(Portugal, Italy, Greece, Spain) and the core (@egymFrance) countries of the Euro Area revealed
interesting implications of existing economic drfaces between both groups of countries. Increased
contributions of expected real interest rates ® dbvelopment of long-term interest rates together
with undershooting patterns in inflation expectasion periphery countries represent clear signal of
markets to policy makers and possible scenaridsookting inflation (ECB) and economic growth
(national governments) in the Euro Area.

Higher expected real interest rates than actublmesaest rates together with increased expostire o
holding risky government bonds of periphery cowstrof the Euro area may force governments to
undertake internal devaluation (with all risks assted with deflationary spiral) or to increase
nominal interest rates on government bonds (witatiee implications on costs of sovereign debt).
We suggest that more dynamic convergence of pesipBaro Area member countries to the core
countries together with strengthening of fiscaltsusbility would help to reduce perceived risk of
periphery countries followed by a reduction in ectpd real interest rates from government bonds.
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