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Abstract

We present evidence from Peru that The New Keynesian Phillips Curve, Dynamic IS and Taylor
Rule derived by Gali and Monacelli (2005) are unstable. The results from methodology of Bai and
Perron (2003) suggest that the change of the policy rule (January-2006 and May-2009) induces
a break in the inflation process (January-2008) and in the market equation (October-2008); the
latter due to the existence of nominal frictions and incomplete information in the Peruvian economy.
Moreover, Qu and Perron (2007) estimation reaffirms that there are breaks in the entire reduced
system (May-2008 and May-2010). In both cases, the channel of expectations is strengthened since
2008 and it is related to changes in the monetary policy during those years.

JEL Classification: C32, C51, E31.
Keywords: Structural Breaks, New Keynesian Phillips Curve, Dynamic IS, Taylor Rule.

Resumen

En este documento se presenta evidencia para Perd de que la curva de Phillips Neokeynesiana, la IS
Dinédmica y la Regla de Taylor derivadas por Gali y Monacelli (2005) son inestables. Los resultados
de la metodologia de Bai y Perron (2003) sugieren que el cambio de la regla de politica (Enero-2006
y Mayo-2009) induce una interrupcién en el proceso de inflacién (Enero-2008) y en la ecuacién del
mercado (Octubre-2008); este ltimo debido a la existencia de fricciones nominales y la informacién
incompleta en la economia Peruana. Por otra parte, las estimaciones usando el método de Qu y
Perron (2007) reafirma que hay interrupciones en todo el sistema en forma reducida (Mayo-2008
y Mayo-2010). En ambos casos, el canal de expectativas se fortalece desde el ano 2008 y estd
relacionado con los cambios en la politica monetaria durante esos anos.

Classificacion JEL: C32, C51, E31

Palabras Claves: Quiebres Estructurales, Curva de Philips Neokeynesiana, IS Dindmica, Regla
de Taylor.
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1 Introduction

Two of the most important lessons of the New Keynesian (NK) framework are the nominal rigidities
as the main source of monetary policy non-neutrality and the gains from commitment due to the
role of expectations (Galf and Gertler (1999); Clarida, Gali and Gertler (1999); Gali, Gertler and
Lopez-Salido (2001, 2005)). Because of the nature of the forward-looking agents in this model,
anticipated policy actions will have an influence on current outcomes and it is considered immune
to the Lucas critique. Moreover, NK framework is a very flexible tool, capable of including in the
basic model many issues with empirical evidence, for our purpose, open economy factors as Clarida,
Gali and Gertler (2001), Gali and Monacelli (2005) and Monacelli (2005) approaches.

In spite of the quantitative analysis that can be done by Central Banks and other institutions
(whether aimed at policy simulation, estimation or forecasts), here is still debate about the role
of the econometric specification and the analysis of the stability of the vector of parameters of
the specified model. The Central Bank must take into account that modeling and predicting are
two different processes, but they are both affected by the shift in the parameters. In particular,
long-term memory and/or non-stationarity of some variables in the model can be confused with
their respective structural breaks. Even if it had the correct specification, a very common result is
the low efficiency in the prediction. The theoretical and practical experience show that the failure
of the prediction is due to changes in the parameters, specifically, the change in the relationship of
the equilibrium and the change in the rate of growth of the exogenous variables.

Empirically, it is not clear whether the NK framework -regardless for a closed or an open
economy- is stable. This means that the relationship between the variables could change over time,
especially when policymakers try to exploit the trade-off between prices and unemployment or/and
when the monetary regime shifts. Furthermore, if the parameters of the system reflect the optimal
behavior of agents, it is natural to expect a change in this vector through time (Lucas (1976)).

In this regard, a change in the monetary target has two main consequences. According to Cogley
and Sbordone (2008), shifts in the Central Bank’s inflation objective can affect the persistence of
the inflation rate. Another possible consequence is through the real market equation and following
Lucas (1976) it is expected to induce a lagged break due to some nominal frictions and incomplete
information. Also a change in the monetary instrument can induce a break in the whole system and

'This paper is drawn from the Master Thesis of Walter Bazdn (2013), Department of Economics, Pontificia
Universidad Catoélica del Perid. We thank useful comments of Todd Keister (Rutgers University), Paul Castillo and
Marco Vega (Central Bank of Peru).

2 Address for Correspondence: Gabriel Rodriguez, Department of Economics, Pontificia Universidad Catélica del
Pertd, Av. Universitaria 1801, Lima 32, Lima, Pertd, Telephone: +511-626-2000 (4998), Fax: +511-626-2874. E-Mail
Address: gabriel.rodriguez@pucp.edu.pe.



it can be understood as necessary overreaction to ensure new equilibrium?; see Bardsen, Jansen
and Nymoen (2004).

It is clear for policy makers to have a reliable and robust estimation of the NK framework
considering structural breaks. The related literature to the estimation of the first equation of the
system, the New Keynesian Phillips Curve (NKPC), is abundant. However, there is not a conclusive
statement if the inflation process can be specified with the NKPC equation. Recent studies such as
Gali and Gertler (1999); Clarida, Gali and Gertler (1999); Sbordone (2002); McAdam and Willman
(2004); Gertler and Lopez-Salido (2001, 2005); and Nelson and Lee (2007) find considerable support
for the NKPC using European and United States data. On the other hand, the contributions of
Fuhrer (1997); Matheron and Maury (2004); Roberts (2005) and Juselius (2008) are less favorable.

In addition, some investigations that include open economy find some empirical support for the
NKPC. For instance, using the Gali and Monacelli (2005) model, Mihailov, Rumler and Scharler
(2008) find in a group of countries of OECD that the NKPC has a good performance in both an
open and a close economy, regardless if it is pure or hybrid. Leith and Malley (2007) make a similar
analysis for some of the G7 economies and find that the terms of trade and the marginal cost
drive the inflation dynamics. In the same way, Rumler (2007) finds for the European Union that
the degree of substitutability (imperfect) of intermediate goods between domestic and foreign has
effects on inflation through the change in the probability of adjusting-prices decision of the firms.

On the sidelines of the debate on NKPC about the best fit of forward-looking, backward-looking
or hybrid version, there is very few work studying its stability. For instance, Alogoskoufis and Smith
(1991) find a structural break in 1968 for the U.K. and the U.S. which is attributed to the end
of Bretton Woods system; Bai and Perron (2003) show two structural breaks in the U.K. which
occurred in 1967 and in 1975; Perron and Yamamoto (2009) find one break in the hybrid version
for U.S. in 1991; and Hasanov, Arac and Telatar (2010) find some non-linearities and instability in
Turkey.

In contrast, the second equation of the model, the Dynamic IS (DIS) equation has not had the
same attention as the NKPC and it is very rare to find some evidence of break within. Hence,
the discussion focus on an appropriate estimation of the DIS. Supporting the relevance of forward-
looking components in the determination of the current output, Furhrer and Rudebusch (2004) find
evidence for the U.S. economy using GMM as same as Kara and Nelson (2004) for the U.K. and
Australia using maximum likelihood. The latter authors not only show that the optimizing DIS
equations for these countries are considerably more stable and interpretable than the backward-
looking alternatives, they also split the sample according to the prevailing monetary policy regime
but the difference with the full-sample estimate is not statistically significant. In the same spirit,
trying to evaluate the stability of this equation for the U.S., Estrella and Furher (2003) implement a
set of tests finding that the forward-looking version is less stable than their better-fitting backward-
looking counterparts and Fuhrer (2000) shows a weak evidence in favor of the forward-looking DIS
using a habit formation function for consumers.

The last equation of the NK system is the Taylor Rule (TR) which is used by the Central Bank as
a reasonable rule to follow in order to stabilize the economy (Clarida, Gali and Gertler (1999, 2001)).
Macroeconomists have been interested in analyzing this linear-reaction function because it reveals

3In a system where some of the characteristic roots are inside and other outside the unity circle, would exist a saddle
path. For the purpose of our case the change in some coefficients can be understood as instantaneous overreaction in
order to ensure initial conditions which guarantee a convergence path. Moreover, the dynamic equilibrium of inflation
and output gap are determined dependently of monetary policy and the latter changes across regimes.



the preference of the monetary authority and it can provide a basis for forecasting changes in the
monetary policy instrument. Unlike the other equations, the TR has more evidence of instability;
at least in the U.S. For instance, Judd and Rudebusch (1998) find the TR vary across time in such
a way that is consistent with a policy regime; Taylor (1999) quantifies the cost of deviating from
this rule in terms of deviations from the product to its trend; Rudebusch and Svensson (1999) show
the coefficients of the different rules change for different periods and for different rules; and Taylor
(2010) states that in the past decade, the fact that interest rate was below the level that the rule
suggests, it is an evidence for another change in the monetary regime.

Few econometricians have been focused on potential structural breaks in the interest rate. In
this sense, Garcia and Perron (1996) evaluate the U.S. ex-post real interest rate and find two breaks
(1973 and 1981) using the Markov Switching approach and Bai and Perron (2003) find three breaks
(1966, 1972 and 1980) applying their own procedure.

The previous literature has tested if each of the equations is stable. Also, it has been assumed
that the break date is known. Given that the literature regarding unknown structural breaks in
the NK model is relatively sparse, the main aim of this paper is twofold. First, we evaluate the
stability of the New Keynesian framework for an open economy developed by Gali and Monacelli
(2005) using Peruvian monthly data from 2003:M8 to 2012:M2. Second, the method allows us to
identify the unknown break dates and to test if each of the equations and the entire system are
subject to structural changes. The latter is crucial for our interest because the literature has not
studied structural changes in the whole system. We have the need to highlight that the endogenous
and simultaneous estimation of the shift in the vector of parameters and the break dates are our
primary interests.

Since 2003, Peru has gone through many changes: the signing of international commercial
treaties which expose domestic firms to fiercer competition; the change in the monetary regime
(change in the policy instrument in 2003) which generated an increase in the credibility of the Cen-
tral Bank; and the output grew up more than its capacity constraint (above the trend). However,
in 2009 Peru underwent a severe economic slowdown and the government implemented both lax
fiscal and monetary policies* to mitigate the effects of the crisis and consequently the recovery was
fast. Therefore, Peru presents the appropriate conditions to explore possible structural breaks in
the Gali and Monacelli (2005) framework.

In the case of Peru, the literature has not considered structural changes as a major problem of
research within the NK model; nor to theoretical or empirical grounds®. However, the theoretical
framework has served as a motivation to answer another type of questions; mainly the quantification
of the Central Bank’s preferences to respond to changes in inflation and output gap. Using GMM
to estimate this system of equations, Rodriguez (2010a) finds that the preferences on the gap
between the expected inflation and the inflation target and on the output gap change across regimes.
Moreover, regardless of the type of filter applied, the estimates associated with aggregate demand
factors are more favorable than those associated with the aggregate supply factors. In the same
sense, Llosa and Tuesta (2007) evaluate the stability of different rules for monetary policy and
argue that the cost channel modifies the standard conditions for the stability of the system.

With non-observable components models, Llosa and Miller (2005) improve the measurement of

4The Peruvian Government increased its expenditure and the Central Bank provided enough liquidity to the
financial sector as same as reduced the interest rate.

>Bazén (2011) makes an analysis of non-linearities in the peruvian banking credit and finds potential structural
changes in this series.



the output gap and identify the periods of inflationary demand pressure; and Rodriguez (2010b)
uses the NKPC to estimate the NAIRU and finds that the inflation has relevant information to
estimate the output gap®. Finally, Montoro (2007) extends the NK monetary model including a
committee of policymakers instead of a single agent in order to strengthen mild changes in the
interest rate. Nevertheless, none of them considers some algorithm to estimate some structural
break endogenously either in a single equation or system.

In order to examine potential instabilities and/or breaks in the system, we start the analysis
with a GMM estimation in order to have a benchmark model for comparing structural breaks
results. Then, we apply two types of methodologies which allow us to estimate simultaneously the
vector of parameters and the unknown structural break dates. The first is Bai and Perron (2003)
technique which is used to estimate each equation of the pseudo-structural model and dynamic
equilibrium system, resulting in different set of parameters for each regime and their corresponding
shift dates. The second is Qu and Perron (2007) approach that help us to evaluate the stability of
the entire system (dynamic equilibrium). Finally, we use the estimated-break dates to evaluate the
stability of the entire pseudo-structural model via GMM approach.

Our results using the method of Bai and Perron (2003) evidence changes in TR (January-2006
and May-2009), followed by the NKPC (January-2008) and subsequently in the DIS (October-2008).
This issue shows that the parameters for each of the equations in the system has a lagged shift, in
other words, none of the equations experiment a change on the same date. In addition, the variables
with rational expectations take greater explanatory power in the period that the Peruvian economy
contracted and had greater uncertainty (since October-2008 until May-2009). The preferences of
the Central Bank change after each break, thus the channel of expectations is strengthened, and a
conventional policy rule can be used to react to the evolution of domestic inflation and output gap
in each regime.

The results using the method of Qu and Perron (2007) show that the system of the dynamic
equilibrium suffered between 2 (May-2008 and may-2010) and 3 (April-2006, May-2008 and May-
2010) breaks. The value of coefficients associated with the forward-looking variables raise after the
first break, especially those that explain the output gap.

The are two main conjectures based on the empirical results. First, the nature of the “ordered”
breaks in the pseudo-structural system suggests that the policy-reaction function induce a lagged
break in the other equations of the system. This fact is an evidence of nominal frictions and
incomplete information in the Peruvian economy. Second, in both pseudo-structural system and
dynamic equilibrium system, the overreaction of the forward-looking variables is in the line of the
theoretical model and after 2008, they are the driving forces of the system. There is a sudden shift
in the dynamic equilibrium system, although it is possible this is not a necessary overreaction to
ensure a new equilibrium.

The paper proceeds as follows. Section 2 presents the theoretical model and the statistical
methodology used to estimate endogenously the parameters of the NK framework for an open
economy simultaneously with the unknown structural breaks. In Section 3, we discuss the estimated
results for the two approaches, emphasizing their implications in terms of policy analysis. Section
4 concludes.

A new research of output gap is Guillén and Rodriguez (2014).



2 The Model and the Estimation Method

In this paper we use monthly data spanning the period 2003:M8-2012:M2 and the series were
obtained from the database of the Central Bank of Peru (henceforth, Central Bank). This time
period was dictated by data availability of the Non-Tradables Price Index, GDP Index in real terms
and the overnight interest rate of the Central Bank for interbank transactions (the discount interest
rate), expressed in units of percent per year.

The domestic inflation rate is defined as 7+ = In(NTPI;) — In(NTPI;_y), where NTPI; is
Non-Tradables Price Index at time ¢ and In(NTP1I) is its log transformation without seasonality.
In numerous applications the output gap (x;) at time ¢ is approximated by detrending the not
seasonally adjusted log-GDP Index using the filter of Hodrick and Prescott (1997; henceforth HP)
and then subtracting it from the not seasonally adjusted log-GDP Index. Finally, the natural
interest rate (rry)is the not seasonally adjusted overnight interest rate detrended by the filter HP.

Then, following Gali and Gertler (1999) and Gali, Gertler and Lopez-Salido (2001) we re-
placed the expected domestic inflation rate with the observed future domestic inflation rate; and
we use the same approach for the expected output gap. In other words, Ei{mp 41} = TH 141
and E;{x;11} = w441 and this practice is justified by the assumption of rational expectations,
which implies unbiasedness of the variables expectations since the error of the forecast of ¢t + 1 is
uncorrelated with the information dated ¢ and earlier.

2.1 The Theoretical Model

In the small open economy version of the NK framework develop by Gali and Monacelli (2005), the
model is described as follows

Tt = PEATH11} + Katt, (1)
1

ry = Ep{zia} - 7(Tt — Ei{mHt1} —rre), (2)
o

Tt = T+ QrTHE + Pply. (3)

Equation (1) is the NKPC and it is one the main consensus of the modern monetary theory
to study inflation and the trade-off with unemployment (or level of activity in an economy). The
framework is completed with the introduction of Equation (2) which is the DIS and Equation (3)
which is the monetary rule of interest rate (r) in the sense of Taylor Rule (TR). This is the system
of lineal difference equations for theoretical discussion about stability”.

The equilibrium is analyzed under a simple interest rate rule, i.e., ry = p+ ¢, Ty + G 21 + V4,
where p is the impatience rate and v; is an exogenous (possibly stochastic) component with zero
mean. Combining (1)-(3) represents the equilibrium conditions by means of the following system
of difference equations:

E
THE | g | {ma i} + Ba(rre — p —vt). 4)

Tt Ei{zi11}

"The preferences and production functions are summarized by behavioral parameters that should change with
monetary policy regime. For further details about the deep parameters, see Gali and Monacelli (2005).



Given that both the output gap and domestic inflation are non predetermined variables, the
solution to (4) is locally unique, if and only if, A, has both eigenvalues within the unit circle. The
econometric counterpart of equations (1)-(3) is:

THt = 01+ 0THi+1 T 03Tt +Exyt (5)
Ty = Qg+ 5Tl + el + QT 1 + Q8T+ €y (6)
re = Qg+ QoTHt+ Q11T + Epg (7)

which can be represented as:

TH,t ’
= AT [I, THt+1, Tt+1, T”I”t] + Ur (8)
Tt

where A7 is the matrix of coefficients, I is the identity matrix and Ur is the matrix of residuals.
The equations (5)-(7), the others specification of the pseudo-structural model as well as each of the
rows of equation (8) will be subjected to the evaluation of stability in the parameters.

2.2 The Methodology of Bai and Perron (1998, 2003)

Bai and Perron (2003) consider the estimation of m multiple structural breaks by least squares and
the main framework can be described by the following multilinear model

Yt = 205 + e, (9)

for j =1,...,m+ 1, where 3 is a endogenous variable, z; is a matrix of explanatory variables which
register the structural changes, d; is the vector of parameters, u; the error term and ¢t = T} _1 ..., T}
are the break dates which are unknown and are simultaneously estimate with the parameters for
T observations.

The first break date is identified as that minimizes the squared sum of residuals and by sup F
statistic. At that point, the sample is divided into two segments and in each sub-sample it follows
a similar procedure for estimating a new point of structural change; it is a sequential selection
procedure. For each partition the estimates of 0; are estimated by least squares.

Let 3({TJ}) denote the estimates based on the given m-partition (71, ...,T;,) denoted {7}}.
Then the procedure substitutes these in the objective function and denoting the resulting sum of
squares rgsidpals as St(T1,...,Tm), the outcome of the following equation is the estimated break
points: (11, T3, ..., Tyn) = argmineyy p, . 1,,) ST (11, To, s Tin).-

This approach is used to estimate each equation separately. Therefore, we use this method to
estimate equation considered in (5)-(7) and also to estimate equation of the system (8).

2.3 The Methodology of Qu and Perron (2007)

This method allows to estimate equations of (8) as a system. Following similar notation as in Qu
and Perron (2007), we have the following matrix representation:

Y, = (In ® Z]) SB; + Uy, (10)



where n = 2 is the number of equations, 7" is the number of observations, Y; = [+, 2¢] is the vector
of dependent variables at time t, Z; = [I, TH¢+1, 441, 77¢] is the vector of independent variables
at time ¢, 5, is the parameters in j regime, U; = [U1,4t,Usz4] is the vector of error terms with zero
mean and covariance » g ="41Is the number of the regressors in the system and m is the number
of structural breaks. The matrix S is of dimension (ng) x (p) with full range and it has arbitrary
constants with elements 0 and 1, which specify the regressors for each equation in the system.
Abusing the notation we are going to denote X; = (I ® Z}) S, therefore, we have Y; = X{ﬁj + Us.
For a given partition of the sample, using the breaks (71, T3, ..., T}, ), we define the partition on the
block matrix X; as X; = diag(Xi4, Xoy, ..., Xm+1,¢) with dimension (nT) x (p)(m + 1) where X,
(1=1,2,...,m+1)is asubset (n)(Tj —Tj—1) x(p) of X; (observations in regime j). Then we define
the sub vector Uj; of U in a similar way. Hence, the equation (10) can be redefine as

Y, = XiB8 + Uy (11)

The approach of Qu and Perron (2007) is based on the sample principle of Bai and Perron
(2003) and it is needed a previous step of least-squares estimation. The only difference until this
point is that they extend the technique for a system of equations. For each m-partition (Th, ..., Tm)
the estimated B({1;}) are obtained from the minimization of the sum of squared residuals and
then those values are replaced in the objective function which is equation (10). This algorithm
proceeds to search for a estimate that constitutes a global maximization of the likelihood function.
Once established the amount of breaks to testing (m) and a minimum number of observations
between two structural breaks (h), it searches a regime segment by segment. Then, it calculates
the likelihood function for each estimated partition as well as the sum of the estimated likelihood for
each of the segments. After that, it chooses the partition which maximizes the likelihood function.
Finally, they propose a sup LR statistic in order to test the existence of k structural breaks (null
hypothesis). When the likelihood function of the overall estimate by partitions is significantly
greater than the function without breaks, they conclude on the existence of structural break and
the dating of those breaks is determined by the optimal partitions in the previous step.

The advantages of this technique are very wide and it provides tools to carry out the study in
three different scenarios: (i) breaks simultaneous in both the regressors as in the covariance matrix,
(ii) breaks only in the vector of parameters and (iii) breaks only in the covariance matrix. In this
sense, the evidence suggests that the first scenario best fits the series of domestic inflation, output
gap and interest rate. But these shifts do not have to occur on the same date and consequently,
the number of shifts do not have to be the same. Additionally, it allows to estimate the parameters
and break dates with variable with deterministic trend, it does not allow I(1) variables.

3 Empirical Results and Discussion

The different techniques described in the previous section rely on the assumption that both the
domestic inflation rate (7 ), output gap (x;) and the interest rate (r;) are I(0) processes. Hence,
prior to apply the different methods of estimation, we tested stationarity of these variables using
the GLS-based ADF test and the point optimal test both proposed by Elliott et al. (1996). The
results indicate that all series are 1(0)%. Then, we proceed to model specification.

8 All results are available upon request.



3.1 Pseudo-Structural Model (GMM estimation)

The Figure 1 shows the evolution of the output gap, domestic inflation and interest rate, respec-
tively. According to Figure 1, in September-2008 the output gap is the first variable to fall, follow
by the domestic inflation rate in January-2009 (although the fall is not so pronounced) and finally
the interest rate in March-2009. The latter begins to decrease significantly, in relative terms much
greater than the other endogenous variables.

In Table 1 we present the results of GMM estimation of the entire system described by the
equations (5)-(7) without structural breaks. We use as instrumental variables 9 lags of domestic
inflation, output gap, interest rate, salaries gap and exchange rate gap’. The policy rule was
specified with the natural interest rate (long-term equilibrium) and with a simple policy rule as a
function of observable variables, i.e. an intercept in place of the natural interest rate.

Three main findings are observed. The first is related to the value of the coefficients. All
parameters are statistically significant and are relevant to explain the whole model. However, the
sign of some of them are not as expected. For the NKPC, the intercept has a value very close to zero
so that in spite of being statistically significant does not incorporate any pertinent information to
explain 7. Also, if we compare the coefficient associated with w41 (2 = 0.27) to the coefficient
associated with z; (a3 = 0.07), we can see that the forward-looking variable has greater power in
explaining the dynamic of domestic inflation. As same as NKPC, the DIS has some parameters
with contrary signs to those expected and the intercept is close to zero. Moreover, xy1+1 (a5 = 0.57)
and Tg 41 (a7 = 1.06) are the variables with better fit in explaining the excess demand equation.
Conversely, due to the fact that the interest rate is the price of the money, r; (ag = 0.27) and rr;
(ag = —0.23) have opposite signs. But they share a similar parameter (in line with the theoretical
model) thus we can add the coefficients 0.27 — 0.23 = 0.04, having a value very close to zero. This
would indicate that monetary policy has little impact on real activity measured by the output gap
variable and therefore, should focus on the control of domestic inflation. If we look at the equation
of the monetary instrument the findings are more interesting. The intercept has a value of 0.0342
which theoretically represents the long-term interest rate of the economy or the impatience rate of
the society. In addition, it can be seen through the parameters aj9 = 1.65 and a3; = 0.28 that the
Central Bank prefers the stabilization of domestic prices rather than the economic growth.

The second finding is related to the uniqueness of equilibrium. Following Gali and Monacelli
(2005), the parameters ¢, (a10) and ¢, (a11) can take any positive value describing the strength of
the response of the interest rate to changes in mg; and x;, respectively. Those values are crucial
in order to ensure a solution. One possible solution is when we set z; = 7+ = 0 (steady state)
which are associated to an optimal policy rule; although the solution may not be unique. The
latter is guaranteed when ko(¢, — 1) + (1 — B)¢, > 0, i.e., this strict inequality must hold (it
is necessary and sufficient condition) for uniqueness!’. If we replace the estimated coefficients
0.06(1.65 — 1) + (1 — 0.275)0.28 > 0, actually we obtain that the strict inequality holds. Hence the
Central Bank can choose a path (or sequence) for the interest rate that ensure a convergent path
(or sequence) for the level of prices which is consistent with the inflation targeting.

Taking together the first and the second finding, an interest rate above 3.42% would increase
the saving (less consumption and investment) of the economy or stabilize the prices and output.

9For a given sample size, we estimated the model with different number of lags of the instrumental variables and
for different combinations of them, but we only report the best results .

'0This implies that the matrix A, (coefficient matrix of the reduced model) have two eigenvalues within the unit
circle, which led to uniqueness of solution and stable path.



From January-2006 (3.50%) to May-2009 (4.00%), the interest rate was higher because the inflation
rate was slightly far from the target and the GDP grew above its trend. During June-2009 and
February-2011, it was below its long-term level and a possible explanation is that the monetary
authority stimulated the economy owing to the slowdown in the GDP growth (below its potential).

The third finding is about the method. GMM estimation is a good approach to estimate the
theoretical model and the filtered data present a good performance to measure marginal cost and
natural interest rate. Moreover, the J-statistic test does not allow us to reject the null hypothesis

which confirms the validity of the included restrictions'!.

3.2 Pseudo-Structural Equations with Breaks

Table 2 shows the estimates of each of the equations of the system (5)-(7) using the approach of
Bai and Perron (1998, 2003). We present both the parameters for each regime and the break dates
estimated endogenously.

With regard to the NKPC, the break date is January-2008. Similar to GMM results, the
intercept is significant in the two regimes with a value very close to zero and after the break date
the expected domestic inflation increase its explanatory power. This means that the dynamics of
domestic inflation is governed in 28.47% by mg 41 and in 7.42% by x;. The variables together
explain 7y and there is not autocorrelation (Q-statistic). Note that after the break date, the
results of Bai and Perron (2003) and GMM approaches are similar.

Other specifications have been estimated. For example, the hybrid NKPC version does not
present any break and therefore, the results are not reported. Not the same thing happens with
the backward-looking NKPC which has a break in January-2008 (Table 3). After the break date,
domestic inflation is explained in 25% by mg;—1 and in 8.6% by z;. As in the forward-looking
NKPC specification, the p-values of F-statistic is zero and of Q-statistic is very high.

Concerning the DIS, Table 2 shows October-2008 as the date of break and unlike the NKPC,
the variables with expectations have some different issues. In the second regime x;y1 takes greater
relevance while 77 ;41 reduces its explanatory power, i.e., as passes from a value of 0.094 to 0.179
while a7 from a value of 0.920 to 0.545. Regard to the interest rate, ag does not have the negative
value as we expected although it is statistically significant in the both regimes (different from GMM
values). If we make the analysis as a deviation from its natural level, in the first regime has a value
of 0.06 (1.731 — 1.669) and in the second regime, this changes to —2.467 (0.508 — 2.975) obtaining
an inverse relationship with the output gap. This means that after the break, the monetary policy
has an impact in the real economy and it is stronger in the second regime. An interesting and
different result from Table 1. Also, in this equation the explanatory variables have good fit and
there is no autocorrelation.

As well as with the NKPC, we tried on a different specification only obviating rr;. According
to Table 3, the break dates are June-2007 and May-2010. In the first regime, any parameter is
statistically significant. In contrast, in the second regime all parameters are statistically significant
and the coefficients associated with the forward-looking variables (a5 and «a7) significantly explain
the behavior of x; and have the expected signs. In the last regime, the interest rate has an impact
of —0.625 at 90% of confidence.

According to Table 2, the monetary policy rule has two breaks: January-2006 and May-2009
which coincide with the increase and the reduction of the interest rate, respectively. After the

"' The Q-statistic test shows that there is autocorrelation in the DIS and TR, but not in NKPC



first break, all the parameters are statistically significant and the fact that the intercept changes
in all the regimes has an interesting interpretation. Before January-2006, the agents perceived
improvement in the economy and Peru had a context of sustained growth and low inflation hence
it is expected a low impatience rate (2.8%), i.e., agents preferred to postpone present consumption.
Conversely, between January-2006 and May-2009 Peru had a period of crises which leads to an
increase of the uncertainty and a contraction of the real sector and consequently, the impatience
rate raised to 4.7%, preferring current consumption. Finally, after the last break, the confidence of
the agents increased and the impatience rate low at 2.7%, similar to the level pre-crisis.

When estimating a smoothing policy rule, Table 3 shows that the dates of break change: May-
2006 and November-2008. As in the other estimates, the parameters in the first regime is not
relevant to the analysis. In both the second and third regime, the first lag of the interest rate
explains at least 90% of the dynamics of the policy rule. After November-2008, when it started
the period of uncertainty in the Peruvian economy, the Central Bank increased its preferences in
response to changes in 7y and x.

Note first that the smoothing policy is defined as 7y = o+ (1 — p) (0Tt + r12:) + p(re—1) =
ah + oTH: + oh 2 + aqari—1 and we focus on o), and ;. With this in mind, we can compute
the preferences of the Central Bank for the second and the third regime for the reasons explained
above. Hence, the preferences in the second regime are oy = 0.057 = a9 = 1.043 and o}, = 0.047,
then ayp = 0.864 and in the third regime are o/, = 0.308, then a9 = 3.397 and of; = 0.204, the
a1 = 2.251. According to those values, after November-2008 the Central Bank reacted much
stronger than before and in relative terms, much higher than the results in Table 2. Thus, the
interest rate is extremely procyclical.

The results shown above evidence some structural breaks in the equations of the NK framework
for an open economy. If it is the case, it is natural to expect that the model of the dynamic
equilibrium has also experimented some shifts. Hence, the endogenous estimation of the parameters
and the break dates is necessary.

3.3 Dynamic Equilibrium with Breaks

Table 4 shows the results of Bai and Perron (2003) specification for each of the equations of the
system (8). We can see that there are not structural breaks in the dynamic equilibrium of the
domestic inflation. On the other hand, the output gap equation presents some interesting findings.
Between, June-2007 and February-2008, the forward-looking variables (y4 and 7;) are the main
source of variability of x;; in other words, the output gap is governed in 1.77% by mx ;41 and in
0.47% by x¢+1. Nevertheless, in the third regime these coefficients are not significant and their
values are reduced. Regard to the natural interest rate, its coefficient has a value of 1.173 in the
second regime whereas it has a value of —2.594 in the third regime.

Finally, we also estimate the dynamic equilibrium as a complete system using Qu and Perron
(2007) technique which is presented in Table 5. The analysis was carried out by allowing two and
three possible breaks. In the first case, the dates of breaks are May-2008 and May-2010; while in
the second case are February-2006, April-2008 and February-2010. The results of the second case
are not reported because they do not incorporate any relevant information to the analysis and are
not better than those obtained with two breaks. However, it is useful when we are only interested
in knowing the dates of the shifts.

In Table 5 can be seen that for the equation of the domestic inflation, the only variable which
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has a break is z;y; because 73 has a value of 0.068 until May-2010 and then it has a value of
—0.107. The negative sign in the third regime may be due to the fact that in that period, the
Peruvian economy was affected by shocks of aggregate supply which dominate aggregate demand
shocks. Something to be said, from that date onwards there was positive domestic inflation and
the output gap was close to zero or even negative.

For its part, the equation of the output gap has more changes in the parameters. For instance,
TH,+1 has a greater impact on z; in the first two regimes than in the last whereas ;41 has a better
explanatory power in the last two regimes than in the first one. If we check the third regime, the
long-term interest rate drives the output gap dynamics (v = —2.276). It should be noted that the
goodness of fit is not very high and none of these two equations present autocorrelation.

The theoretical model predicts that mp; and x; are jumping variables and this fact is consistent
with the results shown in Table 5. The system of difference equations has at least two breaks and
this feature could be understand as the equilibrium conditions are subject to the prevailing regime
or the parameters are conditioned to the economic conditions. Also, this instantaneous change in
the parameters is possible only if all agents act simultaneously and in the same direction.

An important finding remains to be seen if these results are contrasted with those shown in
Table 2. When we allow 3 breaks, the first date is February-2006 which coincides with the first shift
of the policy rule. Then, the second break is between April-2008 and May-2008 which is in line
with the shift in the NKPC in January-2008. Finally, the third break date is May-2010, one year
after the second change in the policy rule (May-2009) which could give an indication of a lagged
effect on the formation of expectations of the agents.

3.4 Pseudo-Structural Model with Breaks

After knowing the break dates and with enough evidence to think that the interest rate is driving
the changes in the other equations of the model, we decide to test three types of potential shifts
in the pseudo-structural model. All of them has a better performance in terms of efficiency and
accuracy. This fact reflects the better fitness of the specification when it is estimated the whole
system with breaks rather than a particular equation.

Table 6a presents results when it is used the break dates of the TR (71 =Jan06, 72 =May09) for
the estimation. It shows that there is a general improvement with respect of Table 1 (GMM without
breaks) and Table 2 (independent estimation of breaks dates and parameters in each equation). For
example, it can be seen that in the second and third regime almost all parameters are statistically
significant and in relative terms of Table 2, there are considerable gains in the results. Even if Table
6.a is compared to Table 3, the accuracy of the estimation increases when the system includes the
other equations.

When we allow shift in the system using the break dates of the DIS (73 =Oct08), Table 6b
presents that the only delicate issue is the TR in the second regime. Finally, Table 6¢ combines
the two previous cases with a particular fact, the NKPC is not subject to breaks. Thus, we do not
have regimes but it is allowed shifts in the DIS (73 =Oct08) and TR (71 =Jan06, 7o =May09). As
we expect, the NKPC is similar to Table 1, the DIS is similar to Table 6b and TR is similar to
Table 6a. Again, in terms of efficiency and accuracy the results are better than Table 2 and other
single-equation estimations. A very important observation is about the uniqueness of equilibrium
which is satisfied in all regimes (Tables 6a and 6b).
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3.5 Discussion

In this part of the document we discuss the main results of the different approaches that we used.
The first finding is related to the slope of the NKPC. Regardless the estimation of pseudo-structural
model with or without breaks, k. has a value close to zero which means there is a small group of firms
that set new prices each period (a minor response of the domestic inflation to movements of the real
marginal costs). Another tentative explanation is the degree of openness because substitutability
between domestic and foreign goods dampens the adjustment in the marginal cost. Hence, with a
small value of Kk, the policy maker is confronted with a short-run trade-off between stimulating
demand and creating low inflation.

But the most interesting issue is that this parameter is time-varying and this feature is crucial
for policy design. This means that the output cost of disinflation and the speed of disinflation are
dependent on the economic environment, i.e., it is subject to the existing regime.

The second finding is about the impact of monetary policy in the economic activity thorough
the market equation (DIS). When the analysis of the interest rate is made as a deviation of its
natural level, according to GMM estimation the interest rate has a low influence in the output
gap. But when we allow the possibility of breaks this variable can alter the output gap in a
considerable manner. There is a difference between the estimation of a single equation of the
pseudo-structural model (Table 2) and the entire model (Table 6b) using the same estimated-break
date. The information gain using the complete system contributes to have negative relationship in
both regimes, even stronger in the latter.

The third finding is the better explanatory power of the forward-looking variables, thus the
expectations channel matters in the end. In all cases, the variables with expectations guide the
dynamics of each of the equations or the system as a whole. The pseudo-structural results in Table
2, Table 6a and Table 6¢ show that after the breaks in the NKPC (January-2008) and in the DIS
(October-2008), these kind of variables drive the series. What is more, those breaks occurred in
the same year and their interval of confidence are overlapped. More precisely, the break in the DIS
coincided with the bankruptcy of Lehman Brothers in September-2008 which can be interpreted
as a month in the delay of the contagion effect. Additionally, the value of the parameters could be
understood as under uncertainty the agents prefer to grow instead of worrying about the inflation.
These results are related to the context lived at that time: fall in international prices and their
impact on the decline in domestic prices; Peru grew 0.9% in 2009 with two quarters of negative
growth and the lack of confidence among the agents which diminished consumption and investment.

The fourth finding is related to the superiority of a simple reaction function of the Central
Bank. In the previous subsection, we computed its preferences with a smoothing TR and we found
that those values are uncorrelated with the Peruvian context due to the size of the adjustment of
the policy instrument. Note that the policy makers react to inflation more than domestic inflation,
however, we focus on the latter to keep coherence with the theoretical model.

Under the strong evidence that the monetary authority has different preferences over time, one
of the main findings is related to o137 = ¢,. According to Organic Law of the Central Bank of
Peru, “the purpose of the Bank is to preserve monetary stability.” This result contradicts this law.
Nonetheless, It could be seen that the output gap (z;) is a function of expected domestic inflation
(Ey{mHt+1}) and this issue can explain the statistically significance of this particular parameter.
If it is the case, a policy maker who cares only about inflation would appear to be responding to
the output gap in the model.
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To understand better the break-dates it is valuable to mention that in January-2007 the Central
Bank of Peru changed its inflation targeting to 2%. Since the adoption of explicit inflation targeting
in 2003 (2.5%), the monetary authority had never changed its objective before.

Here some useful insights. During August-2003 and September-2004, the Central Bank main-
tained a position of monetary stimulus since a context of low inflation and lower international
interest rates, as well as the conditioning of a slow economic growth. Then, from October-2004
until November-2005 it maintained an interest rate of 3% because Peru’s GDP came into a boom
driven by a favorable international environment, better private agents confidence and stable prices.
For the following months, between December-2005 and May-2006, the monetary instrument rose 6
times ending in a value of 4.5%; in this period we identified the first break (January-2006).

In the second regime, the reaction to the domestic inflation is not in the magnitude required by
Gali and Monacelli (2005) and this is due to the following reasons. Between May-2006 and May-
2007 the inflation was 0.94% (lower than the target range of inflation - 1.0% to 3.0%) and there
was an increase in the productivity, an appreciation of the national currency and a reduction of the
inflation expectations. In 2008, it decided to increase the interest rate from 5.3% in January-2008
to 6.5% in September-2008 and after that, it kept this rate until January-2009. Finally, the interest
rate fell to a level of 1.25% in August-2009.

Complementary to those changes in the interest rate, in 2008 the monetary authority used un-
conventional instruments as a reduction in the reserve rate, Repo operations up to 1-year, currency
swaps and options to repurchase 1-year bonds of the Central Bank. From theory to practice, even if
the unconventional monetary instruments are not in the theoretical framework they are important
to understand how they can amplify the changes in interest rate. For instance, between January-
2008 and April-2008, the Central Bank of Peru increased in 3% (from 6% to 9%) the minimum
legal reserve rate which is equivalent to 0.75% in the interest rate!?.

Least but not last, in periods of contraction and economic uncertainty the dynamics of the
economy can be extremely non-linear or parameters experiments a shift. For our purpose, mr
and z; are affected by their own expectations and this fact could be understood as what happens
today is explained by what is expected to happen tomorrow. Consequently, there is a recognition
that those variables respond endogenously to the state of the economy (state-contingent). Besides,
the type of shifts in the jumping variables could be caused by an overreaction to ensure a new
equilibrium, but there is not enough evidence to support this statement.

4 Conclusions

In this paper, we investigate possible structural changes in the New Keynesian model for an open
economy and the evidence shows an answer to our initial question: there are structural breaks in
the NKPC, DIS and TR in Peru. We think that the interest rate is driving the breaks in the other
equations due to the changes in the parameters associated to the preferences of the Central Bank.
The fact that those preferences are changing is in line with Rodriguez (2010a) and Llosa and Tuesta
(2007) results, but we identify three monetary regimes.

The nature of the “ordered” breaks suggests that policy-reaction function induces a lagged break
in the others equations of the system and it is linked with some nominal frictions and incomplete
information in the Peruvian economy as Lucas (1976) statement. But the sudden change in the

2 An increase in 1% of the minimum legal reserve rate is equivalent in impact to a change of 0.25% ; see Leon, D.
and Z. Quispe (2010).
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dynamic equilibrium system because of the reaction of the jumping variables is not conclusive and
therefore, we cannot affirm that those breaks are necessary overreaction to ensure new equilibrium
as Bardsen, Jansen and Nymoen (2004) view.

Second, the NKPC provide a good description of the dynamics of the domestic inflation in
Peru. Its small slope means that the Central Bank can exploit the short-run trade-off between
domestic inflation and unemployment. We estimated the NKPC with the output gap variable and
in this regard, the output gap using GDP Index filtered by HP is a good proxy variable of the real
marginal cost that drives the inflationary process.

Third, the statistical significance of ¢, and ¢, in the pseudo-structural model with breaks bring
us closer understanding of the Central Bank’s preferences. In fact, the inflation targeting is not its
only concern since it reacts to output gap too (not allowed by law in Peru). As we present, the
different values in each regime for both parameters suggest that the Central Bank finds optimal to
accommodate its rule to inflationary pressure and negative real shocks. Indeed, if the Central Bank
can reoptimize then it can choose an appropriate value of ¢ and ¢, to reduce simultaneously the
volatility of both domestic inflation and the output gap.

The strengthening of the channel of expectations through the NKPC can make easier the control
of the domestic inflation in order to stabilize it to the desired level. In this sense, the monetary
authority does not need to increase too much the policy instrument in order to achieve its goals.

Finally, the technique we followed to process the data can be a subject of discussion. It is a
research agenda to estimate the model with a different assumption of the expected variables, with
another filtering method and with other monetary rule specifications.
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Table 1. GMM Estimation®

Equations

NKPC

Dynamic IS

Taylor Rule

Parameters o7 0.002 (0.000) oy -0.005 (0.000) g  0.034 (0.000)
as 0275 (0.000) a5  0.570 (0.000) 19 1.654 (0.000)
a3 0.066 (0.000) g 0.259 (0.000) a1 0.279 (0.000)
ay  1.057 (0.000)
ag  -0.230 (0.000)
R 0.212 0.561 0.702
J-statistic 0.257

* .
p-values are in parentheses.
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Table 2. Estimation using Bai and Perron (1998, 2003)*

Equations

Regime 1
a2

a3

NKPC

Dynamic IS

Taylor Rule

0.002 (0.001)
0.079 (0.547)

-0.021 (0.561)

as

a6

a7

asg

-0.003 (0.652)
0.094 (0.364)
1.731 (0.000)
0.920 (0.030)

-1.669 (0.000)

Q9

a10

11

0.028 (0.000)
-0.164 (0.703)

-0.026 (0.812)

Regime 2 o

0.002 (0.001)
0.285 (0.096)

0.074 (0.013)

Qy

Qs

a6

Q7

ag

0.080 (0.004)
0.179 (0.129)
0.508 (0.009)
0.545 (0.443)

-2.975 (0.001)

Q9

@10

11

0.047 (0.000)
0.666 (0.048)

0.159 (0.014)

&7s]

a10

a11

0.027 (0.000)
1.292 (0.013)

0.295 (0.040)

Jan08
Jul07- Mar09

Oct,07-Dic,08

Oct08
Aug08-Jan09

Sep08-Dec08

Jan06
Sep05-Mar(06
Oct05-Mar06

May09
Sep07-Oct09

Mar08-Sep09

a2
a3
Regime 3
Break 1
C.L 95%
90%
Break 2
C.L 95%
90%
EQ

0.212

0.561

0.702

* .
p-values are in parentheses.
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Table 3. Estimation using Bai and Perron (1998, 2003); Other Specifications*

Equations

NKPC Dynamic IS Taylor Rule
Regime 1 73  0.002 (0.006) g  0.005 (0.568) Ozé 0.004 (0.035)
ag  0.153 (0.249) a5 -0.086 (0.548) 0/10 0.017 (0.835)
a3 -0.040 (0.255) g -0.243 (0.284) 0/11 0.007 (0.725)
ar  0.229 (0.666) «ip  1.164 (0.000)
Regime 2«71  0.002 (0.000) g -0.014 (0.005) 0/9 0.003 (0.161)
a9 0.250 (0.072) a5  0.576 (0.000) 0/10 0.057 (0.462)
a3 0.086 (0.001) «p 0.248 (0.034) 0/11 0.047 (0.001)
a7 1497 (0.023)  «12  0.945 (0.000)
Regime 3 Qg 0.023(0.070) af  0.003 (0.000)
a5 -0.033 (0.819) 0/10 0.308 (0.002)
ag  -0.622 (0.075) )y  0.204 (0.000)
a7 -0.372 (0.700) a2 0.909 (0.000)

Break 1 Jan08 Jun07 May06
C.L 95%  Jan07-Augl0 Mar07-Feb09 Mar06-Nov06
90%  Apr07-Nov09 Apr07-Aug08 Mar06-Sep06

Break 2 May10 Nov09
C.IL 95% Marl0-Jull0 Jul08-Mar09
90% Apr10-Jull0 Sep08-Mar09

R 0.240 0.567 0.990

* .
p-values are in parentheses.
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Table 4. Estimates of the Dynamic Equilibrium by Bai and Perron (1998, 2003)*

Equations
THt Tt

Regime 1 7,  0.001 (0.639) ~ys 0.009 (0.276)
Yy 0.246 (0.017) g  0.281 (0.585)
Y3 0.020 (0.068) 7y, -0.107 (0.445)
Y4 0.029 (0.564) g -0.367 (0.111)
Regime 2 vs  -0.054 (0.022)
v 1.766 (0.006)
Np  0.468 (0.000)
vg  1.173 (0.037)
Regime 3 Y5  0.087 (0.046)
Y -0.475 (0.588)
yo 0.010 (0.944)
g -2.594 (0.048)

Break 1 Jun07
I.C. 95% Mar07-Jan08
90% Apr07-Nov07

Break 2 Feb10
C.IL 95% Jan10-Mar10
90% Jan10-Mar10

R 0.102 0.586

* .
p-values are in parentheses.
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Table 5. Estimation of the Dynamic Equilibrium by Qu and Perron (2007)*

Equations

THt Tt

Regime 1 7,  0.003 (0.200) 75 -0.008 (0.314)
Yy 0154 (0.219) g  0.973 (0.037)
Y3 0.068 (0.027) v,  0.175 (0.126)

vy -0.019 (0.728) g - 0.163 (0.426)

Regime 2 7,  -0.009 (0.066) 75 -0.043 (0.151)
Yy 0241 (0.799) g  0.808 (0.896)
3 0.031(0.513) v,  0.684 (0.017)

Y4 0.293 (0.068) g  0.999 (0.187)

Regime 3 7,  -0.017 (0.558) 75  0.070 (0.025)
vy 0214 (0.929) 7y  -0.508 (0.236)
5 -0.107 (0.008) v,  0.527 (0.415)

vy 0550 (0.523) g  -2.276 (0.029)

Break 1 May08
C.L 95% Aug 07-Feb09
90% Nov07-Nov08
Break 2 May10
C.I 95% Dec09-Augl0
90% Jan(09-Jul10
R 0.239 0.520

* .
p-values are in parentheses.

T-5



Table 6a. GMM Estimation using break date of TR,
(T1 =Jan06, To =May09)*

Equations
NKPC Dynamic IS Taylor Rule
Regime 1 «7  0.001 (0.000) <4 -0.031(0.000) <9  0.031 (0.000)
a9 0.342 (0.000) «p5 0.100 (0.065) @19 0.016 (0.814)
a3 -0.118 (0.000) g -0.083 (0.631) 1 -0.042 (0.084)
a7 -3.256 (0.000)
ag  1.477 (0.000)
Regime 2«71  0.002 (0.000) <4 -0.162 (0.000) <9  0.047 (0.000)
a9 0.178 (0.000) «p 0.318 (0.000) 19 1.225 (0.000)
a3 0.069 (0.000) «g 0.171 (0.142) «q1  0.039 (0.001)
a7 0.747 (0.000)
ag  3.443 (0.000)
Regime 3 «71  0.001 (0.825) «4 0.115 (0.000) g9  0.025 (0.000)
a9 0402 (0.032) «5 -0.120 (0.000) @19 1.575 (0.000)
a3 0.069 (0.000) «e 0.431 (0.004) @11  0.250 (0.000)
a7 1.323 (0.000)
ag  -4.286 (0.000)
R 0.163 0.241 0.660
J-statistic 0.322
* p-values are in parentheses.
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Table 6b. GMM Estimation using break date of DIS

(T3 =0ct08)*

Equations
NKPC Dynamic IS Taylor Rule
Regime 1 a7  0.002 (0.000) 4 -0.002 (0.004) <9  0.040 (0.000)
oo 0.197 (0.000) a5 0.284 (0.000) a9 0.859 (0.000)
a3 0.056 (0.000) g 1.695 (0.000) 1 0.342 (0.000)
a7 0.735 (0.000)
ag  -1.691 (0.000)
Regime 2«3  0.003 (0.000) 4 0.018 (0.000) g9  0.023 (0.000)
oo 0.386 (0.000) a5 0.429 (0.000) @19 3.722 (0.000)
a3 0.102 (0.000) g 0.257 (0.000) @11 -0.107 (0.000)
a7 2.101 (0.000)
ag  -0.986 (0.000)
R 0.182 0.497 0.246
J-statistic 0.254

* .
p-values are in parentheses.
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Table 6c. GMM Estimation using break date of DIS and TR
(T1 =Jan06, To =May09, T3 =0ct08)*

Equations
NKPC Dynamic IS Taylor Rule
a1 0.002 (0.000) g -0.002 (0.005) g  0.031 (0.000)
a9 0.275 (0.000) a5  0.284 (0.000) @19 0.017 (0.745)
as  0.066 (0.000) g 1.696 (0.000) 1 -0.044 (0.009)
a7 0.735 (0.000)
ag  -1.691 (0.000)
Break Date Oct-2008 Jan-2006
a4 0.018 (0.000) g  0.047 (0.000)
a5  0.429 (0.000) «aq9  1.220 (0.000)
ag 0257 (0.000) aqp  0.040 (0.000)
a7 2.101 (0.000)
ag  -0.988 (0.000)
Break Date May-2009
a9 0.025 (0.000)
o190 1.583 (0.000)
o111 0.249 (0.000)
R 0.168 0.497 0.659
J-statistic 0.253

* .
p-values are in parentheses.
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Figure 1. Output Gap, Domestic Inflation and Interest Rate in Peru
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