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ABSTRACT

The presence and implications of breaks in US monetary policy are investigated through a “struc-
tural” equation that allows for the endogeneity of inflation and unemployment gap forecasts. The
analysis establishes the consistency, for both the number of breaks and their locations within
the sample, when inference is conducted through an information criteria approach with an ap-
propriately specified penalty function. When breaks are taken into consideration in the reduced
form equations for inflation and unemployment forecasts produced within the US Fed, we find
that US monetary policy changes in 1980 and 1986/7. However, despite further changes in the

reduced form coefficients, no break in the US monetary policy rule is detected after 1987.
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1 Introduction

US monetary policy is widely acknowledged to have altered over the last five decades with changes
in monetary policy often posited as the key explanation for changes in the properties of inflation
and, sometimes, real activity. Studies that explore these issues employ a variety of techniques,
with many treating the date(s) of change as known. For example, Boivan and Giannone (2006)
estimate multivariate vector autoregressive (VAR) and structural models with their sample split
in 1979, reflecting the date at which Paul Volcker became chairman of the US Federal Reserve,
while the VAR analysis of Ahmed, Levin, and Wilson (2004) uses sub-samples covering 1960 to
1979 and 1984 to 2002, with 1980 to 1983 omitted due to uncertainty about the potential date
of change. Clearly, such studies not only assume that the date of any policy (or other) change
is known, at least within a narrow range, but also that no further breaks occur in the overall
period under investigation.

Other studies, using a range of techniques, recognise that US monetary policy and related
relationships may have undergone multiple changes over the postwar period. Among these,
Cogley and Sargent (2001) employ a VAR specification with random parameter variation, while
Sims and Zha (2006) use a multivariate Markov switching model. Another strand of literature
draws conclusions about the role of changes in monetary policy through formal tests for structural
breaks at unknown dates, with these tests typically conducted through an analysis of univariate
inflation series; see, for example, Cecchetti and Debelle (2006). A more direct approach is taken
by Duffy and Engle-Warnick (2006) who apply such tests to a version of the Fed’s monetary
policy reaction function, but they note the limitation of their analysis not being able to allow
for endogeneity and hence they employ only backward-looking specifications.

The present paper examines breaks in US monetary policy through direct estimation of a
‘structural equationﬂ representing the monetary policy of the Fed. Endogeneity is taken into
account through the use of a Two Stage Least Squares (2SLS) approach, with the number of
breaks determined using an information criterion. Although information criteria are widely ap-
plied in other model selection contexts, this paper is (to our knowledge) the first to propose their

use for determining the number of breaks for an equation estimated by 2SLS. Methodologically,

1Here the term ’structural equation’ is used in the sense of an equation from a simultaneous system with
endogenous right-hand side regressors. Thus, it not necessarily represent the behavioural response of an optimizing

individual economic agent.



therefore, we also establish the consistency of (certain) information criteria in this context.

Over recent years, GMM has become a very popular alternative to instrumental variable
estimators (including 2SLS) for an equation with endogenous regressors. However, Hall, Han,
and Boldea (2010) [HHB] show that it is not well suited to break point estimation in this con-
text. Specifically, they show that minimizing the sum of partial generalized method of moments
minimands over all partitions of the sample fails to yield consistent estimates of the break point
in leading cases of interest. This arises because the GMM minimand is the square of sums, which
allows effects of misspecification associated with the selection of an incorrect break point to be
offset in the minimand, thus confounding the break point estimation. In contrast, the 2SLS
minimand is a sum of squares and this construction offers no scope for offsetting effects of such
misspecification to apply.

Hall, Han, and Boldea (2010) establish the consistency of break point estimators based on
a 2SLS minimand when the true number of breaks is known. Their consistency result covers
cases where the reduced form is either stable or subject to instability that takes the form of
discrete changes in the parameters. However, HHB also show that the stability, or lack thereof,
of the reduced form is crucial for the limiting distribution of parameter variation tests in the
structural equation. Therefore, stability of the reduced form should be considered prior to that
of the structural relationship. Conditional on reduced form breaks, HHB propose estimating the
structural equation via 2SLS, with breaks analyzed using a strategy based on partitioning the
total sample into sub-samples within which the reduced form is Stableﬂ

The analysis in this paper follows a similar strategy to that of HHB, and again relies on
prior (and consistent) estimation of breaks in the reduced form equations. However, whereas
HHB rely on hypothesis tests to select the number of breaks in the structural relationship, this
paper employs an information criterion approach. In practical terms, this combines the Bai and
Perron (1998) algorithm for searching for break dates, given the number of breaks, with use of an
information criterion to select a preferred specification from among the set of resulting models,
each estimated by 2SLS for given break dates.

An outline of the paper is as follows. Section 2 sets out a structural equation of interest in

a generic context, with Section 3 then introducing the information criterion approach to break

2This partitioning is crucial for obtaining pivotal statistics and confidence intervals for the break estimators

in the structural equation of interest.



estimation. The statistical properties of the estimators of both the number and location of the
breaks are analyzed in this latter section, with proofs relegated to a mathematical appendix.

The application to US monetary policy follows in Section 4, while a final section concludes.

2 The Structural Equation

Consider the case in which the equation of interest is a structural relationship from a simultaneous

system, with this equation exhibiting m breaks, such that
_ 130 I 0 C_ _ 70 0
Y = By, + 214850 T s i1=1,....,m+1, t=T,,+1,..,T; (1)

where T = 0 and T, , = T, where T is the total sample size. Thus, y; is the dependent
variable, while x; is a p; X 1 vector of endogenous explanatory variables, z; ¢+ is a pa X 1 vector of
exogenous variables including the intercept, and u; is a mean zero error. We define p = p1 + ps.

As usual in the literature, we require the break points to be asymptotically distinct.
Assumption 1 T = [TA\?], where 0 < X9 < ... < A0 < 1E|

As a structural equation, we allow the explanatory variables, x;, to be correlated with the
errors, u; and x; requires a reduced form representation to be estimated using appropriate
instruments. This estimation is done a priori in the first stage of a Two Stage Least Squares
(2SLS) procedure. Furthermore, we allow for this reduced form to be subject to discrete shifts

in the sample period,

’

x, =AY 4, i=1,2.. h+1, t=TF,+1,...TF (2)

where Ty = 0 and T}, | = T'. The vector z; = (2] 4, 25,)" is ¢ x 1 and contains variables that are
uncorrelated with both u; and v; and are appropriate instruments for x; in the first stage of the
2SLS estimation. The parameter matrices are A(()i) = ((5%‘()), 6;()), ey (5]()?70), each with dimension
q X p1, and each 6](1()) is dimension ¢ x 1, for j = 1,...,p1. The points {T;*} are assumed to be

generated as follows.

Assumption 2 T} = [T7?], where 0 < 7 < ... <79 < 1.

3[ -] denotes the integer part of the quantity in the brackets.



Note that the break fractions in the reduced form, =°

= [r?,79,..., 7]/, may or may not
coincide with the breaks in the structural equation, A’ = [A?,;A9,... A% )", Also note that

can be re-written as follows
oi(r%) = Z(7°) 60 + vy, t=1,2,....T (3)

where O = [Agl)/,Aéz)/, . A[()hﬂ)/]l. Z(7%) = 1(t,T) ® 2, 1(t,T) is a (h + 1) x 1 vector with
first element Z{t/T € (0,77}, h+ 1" element Z{t/T € (79, 1]}, k" element Z{t/T € (79_,, 7]}
for k =1,2,...,h and Z{-} is an indicator variable that takes the value one if the event in the
curly brackets occurs.

Let & = [#1,72,..., 7] denote estimators of 7¥. It is assumed these estimators satisfy the

following condition.
Assumption 3 # = 70 + O,(T™1)

This condition would be satisfied if, for example, the break dates in the reduced form are
estimated by applying Bai and Perron’s (1998) methodology equation by equation and then
pooling the estimates of the break fractions. Let Z;(#) denote the resulting fitted values that is,

T -l
i (/) = Z(7)Orp(r) = Z(7) (Z zt(ﬁ)gt(ﬁ)'> > a(r) (4)
t=1 t=1
where Z;(7) is defined analogously to Z;(7") based on the estimator of the true break points in

the reduced form.

To facilitate our analysis we impose the following assumptions:

Assumption 4 (i) hy = (ug,v;)’ ® 2z¢ is an array of real valued n x 1 random vectors (where
n = (p+ 1)q) defined on the probability space (Q,F,P), Vp = Var[EtTZI ht] is such that
diag[fill, e ,5;,11] = E;l is O(T~Y) where 2 is the n x n diagonal matriz with the eigenvalues
(&r1s---,&rn) of Vr along the diagonal; (i) Elh, ;] =0 and, for some d > 2, ||hyqlla <T < 00
fort=1,2,... andi=1,2,...n where hy; is the i'" element of hy; (iii) {h¢;} is near epoch de-
pendent with respect to {g;} such that ||hy— E[h|GIA ™|l < vV with vy, = O(m~Y?) where GIT™
is a sigma- algebra based on (Gs—m, - -, Giem); (iii) {g:} is either ¢-mizing of size m~4/(2(d=1))

or a-mizing of size m~ (=2 (iv) Vi (r) = Var[T—'/? 2?:1} ht] satisfies Vi (r)—=rV uniformly

inr € [0,1] where V is a pd matriz.



Assumption 5 Var[ug] = 02, Covlus, vs] = Suw, and Varfvy] = %, for all t.

Assumption 6 rank{ Y9} = p where Y = [Aéi), H}, fori = 1,2,--- ,h+ 1 where II' =

Lp,s Osz(Q*pg)]) 1, denotes the a X a identity matrix and Oqyxp s the a X b null matriz.

Assumption 7 For § = 0,x, there exists an ly > 0 such that for all I > ly, the minimum

: _ :
eigenvalues of A = (1/1) Zj:;éﬂ zizy and of Ay = (1/1) Z;T;Tﬁ_l ztz, are bounded away from
zero for alli=1,...,v% +1 where v° =m and v* = h.

Assumption 8 T—! 21[521} z22) 2 Quz(r) uniformly in r € [0,1] where Qzz(r) is positive
definite for any r > 0 and strictly increasing in r. Qzz(r) — Qzz(s) is positive definite for any

r>Ss.

Assumption [ allows substantial dependence and heterogeneity in (us,v;) ® z; but at the
same time imposes sufficient restrictions to deduce a Functional Central Limit Theorem for
T-1/2 Zgrl] h; see Wooldridge and White (1988). This assumption also contains the restrictions
that the implicit population moment condition in 2SLS is valid - that is E[z;us] = 0 - and
the conditional mean of the reduced form is correctly specified. Assumption [f] restricts the
unconditional variance and covariances of the structural equation and reduced form errors to be
constant over time. (We conjecture that this asusmption can be relaxed but this issue is still
under investigation.) Assumption |§| implies the standard rank condition for identification in IV

estimation in the linear regression modeﬂ because Assumptions (ii), |§| and |8] together imply

that
[Tr]
7! Z zelxy, 21 4] 5 [Qz2(r)—Qz2(s)|To = Qzx,7)(r,s) uniformly in 7 > s+e,7,5 € [0,1]
t=[sT]+1

(5)
where Q7 [x,z,](r, s) has rank equal to p for any r, s (satisfying the above conditions). Note this
assumption implies ¢ > p. Assumption [7] requires that there be enough observations near the
true break points in either the structural equation or reduced form so that they can be identified

and is analogous to the extension proposed in Bai and Perron (1998) to their Assumption A2.

4See e.g. Hall (2005)[p.35].



3 Consistency of an Information Criterion

Suppose now that a researcher knows neither the number nor the location of the breaks in the
structural equation. Consider the case where n breaks are estimated at 7(n) = [r1, To,..., 7]
with0) <71 <1 < ...< 7, <1, 79 =0, and 7,411 = 1. Then, the second stage of 2SLS can

begin with the estimation of via, OLS for each possible n-partition of the sample that is,
Yt = i‘t(ﬁ') 6;71 —|— 217,56:1714 —+ 12,5(7?), Z:L,TI,—FL tzn_l—‘rl,...,Ti; (6)

where T; = [7;T], and the regressors x; are estimated using the fitted values of the first stage of

2SLS, Z4(7). We further assume that

Assumption 9 FEquation (@ is estimated over all partitions (T1,...,T,,) such that T; — T;—1 >

maz{q —1,€T} for some € >0 and e < inf;(A\),, — A)) and e <inf;(n),, — 7).

Assumption [J] requires that each segment considered in the estimation contains a positive

fraction of the sample asymptotically; in practice € is chosen to be small in the hope that the

last part of the assumption is valid. Letting 37 = ( ;7i'7 :1,i/)/7 for a given n-partition, the
estimates of 8* = (8;', 83, ..., Bi41") are obtained by minimizing the sum of squared residuals

n+1 T;

ST(Ti o Tui B) =3 D {n = #0(7) Boi — 214820}

i=1t=T;_1+1

with respect to 8 = (81, B, ..., 5n+1’)/. We denote these estimators by B(T(n)) The estimators

of the break points, (Tl, - Tn), are then defined as

#n) = (Ty,....,Ty) = arg min St (T17~-~7Tn; B(T(n))) (7)

oo
where the minimization is taken over all possible partitions, (71, ..., Ty, ). The 2SLS estimates of
the regression parameters, B(%(n)) = (Bi, Bé, ey B;H_l)’, are the regression parameter estimates
associated with each of the estimated partitions.

The estimators 7(n) and 3(7(n)) are calculated conditional on n. In practice, n is often
unknown a priori. Hall, Han, and Boldea (2010) propose a method for estimation of n based on
the sequential application of certain test statistics for parameter variation. Here we consider an

alternative approach based on minimization of the following information criterion (IC),

IC (t(n);n,7) = In [(‘3’2(7’(71); n,fr)} + K(n,T), (8)



where

5°(r(n);n,#) = (T —p) 'RSS(r(n);n, ), (9)
RSS(r(n);n,#) = ZRSSj(T(n);n,fr), (10)
[75T] . R 9
RSS(r(nyin®) = > {u— @@ Bui — HuBeri} (11)
t=[r;1T]+1

and K(n,T) is a deterministic penalty term governed by the following Assumption,

Assumption 10 K(n,T) = o(l) as T — oo, it is a strictly increasing function of n, and

TK(n,T) = o0 as T — ©.

Then, the estimated number of breaks, denoted 7, is the value that minimizes the IC, that
is
= argminpen IC (T(n);n, 7). (12)
where N' = {0,1,..., N}. The associated estimators of the break locations are 7(i). N is the
maximum number of breaks considered and we assume this is large enough to ensure m € N:

Assumption 11 N > m.

The proof of consistency of our method rests on the limiting properties of RSS(7(n);n, #).

The following lemma presents the limiting behaviour of RSS;(7(n);n, 7).

Lemma 1 Let y; be generated by , x; be generated by (@, Z4(7) be generated by and

Assumptions hold. Then, for segment j of the data, t = [1;_1T)+1,...,[r;T],
(i) If Ai such that \? € [1j_1,7;] then

T YRSS;(r(n);n,7) 2% (r; — 75_1)T.

(ii) If there exists i and k> 0 such that A0, A0, 1, ..., AY,,. € [rj_1,7;] then

T RSS;(t(n);n,7) =5 (A =) + (W = ATy +...

+ ()\?Jrk - )‘(i)+n71)ri+n + (Tj - )\?+N>Fi+ﬁ+1 + F.



where T = 05 + 254,80 ; + By X0 09 ;.- 2% denotes limit in probability, that exists uniformly
in a segment defined by Tj_1+€ < 7, fore > 0 and 7;_1,7; € [0,1]. F is a positive constant (that
is defined in the proof) which depends on Tj_1, T;, certain limit matrices and the parameters of

the model.

Lemma [I] demonstrates the impact of neglected breaks on the residual sum of squares in seg-
ment j. Part (i) states that if there are no neglected breaks then T~!RSS;(7(n); n, #) converges
to the (scaled) variance (7; — 7;_1)T;; part (ii) shows that if there are neglected breaks then
T~1RSS;(1(n);n,#) converges to its scaled variance plus a positive constant. Notice that the
scaled variance in question is that of u; + 2’ ;Ut, and this reflects both the error uw; and the
measurement error inherent in the substitution of () for ;.

Given the additivity of RSS(-) in RSS;(-), the results in Lemma 1 can be used to deduce the
limiting behaviour of T~1RSS(-) for any partition . For any partition with no neglected breaks,
T~'RSS(:) converges to I' = > | T'; and for any partition with at least one neglected break
T—1RSS(-) converges to I' + &, £ > 0. This behaviour, combined with Assumptions [10] and

implies the consistency of [n, 7(7)]. This is stated formally in the following theorem.
Theorem 1 Under Assumptions

[, 7(7)] 23 [m, \]
where A = [\, ... \0] is the collection of the true break fractions in ,

Remark 1: To implement the estimation procedure, it is necessary to pick a penalty term that
satisfies Assumption A natural choice is K(n,T) = (n+ 1)pIn(T)/T, which is associated
with BIC (Schwarz (1978)), because this choice has been found to work well in other settings.
Another possibility is K(n,T) = (n+ 1)pIn[in(T)]/T which is the choice associated with HQIC
(Hannan and Quinn (1979)). The choice associated with AIC (Akaike (1974)) does not satisty
Assumption [10[and its use would yield an estimator that would have a zero probability of choos-

ing too few breaks but a non-zero probability of choosing too many breaks in the limit.

Remark 2: HHB propose a methodology for estimation of m based on the sequential applica-
tion of tests for various forms of parameter variation. If these tests are performed with a fixed

significance level then the resulting estimator of m has a zero probability of underfitting but a



non-zero probability of overfitting in the limit due to the non-zero probability of type one errors
inherent in the decision rules for the tests. Simulation results in HHB suggest that the tendency
to overfit can be substantially reduced by using 1% significance levels; nevertheless, the resulting
estimator of the number of breaks is not consistent. This may be seen as an advantage of the

IC approach.

Remark 3: A further difference between HHB’s approach and the IC approach is in terms of the
assumptions about the limiting behaviour of the instrument cross-product matrix. The theory
underlying certain tests employed in HHB’s methodology requires the standardized partial sum

instrument cross-product matrix to be linear in the sampling fraction within the assumed regimes

TLO71+[7"T]

P, . .
70 1 212, = rQ;, uniformly in r € (0,A) — \?_,],

under the appropriate null that is, 7=
where @); is a pd matrix of constants. This rules out changes in the mean and variance of the
instruments at different times from the changes in the structural parameters. This assumption

is more restrictive than Assumption |8} Thus the IC approach is potentially more robust to such

changes in the behaviour of z; (in the limit).

4 US Monetary Policy

Breaks in US monetary policy are examined through a “Taylor rule” type of specification. How-
ever, since monetary policy is conducted in real time, it is important that such evaluations
consider the data as available at the time when monetary policy decisions are taken. This sec-
tion first discusses the form of the monetary policy rule we employ, including data considerations,

before turning to our results.

4.1 Monetary Policy Rules and Data

We examine US monetary policy through a modified version of the ” Taylor rule”:
Tt = OxTilt + OyYiqile + 017e—1 + d2re 2 +c+ ey (13)

where r; is the actual Federal Funds rate while 7, ;, and 3,4, are forecasts of inflation and

a proxy for the output gap, respectively. Unfortunately, however, historical real-time output

10



gap forecasts from the Fed are available only from late 1987, yielding a sample that is too short
for a structural breaks analysis. Consequently, following Boivin (2006), we employ a real-time
unemployment gap measure as a proxy for the output gap in .

Our empirical analysis employs real-time Greenbook data, namely data prepared within the
Fed in preparation for each meeting of the Federal Open Market Operations Committee (FOMC).
Although FOMC meetings are not quarterly, we follow the usual convention of using the meeting
closest to the middle of the quarter as relating to the specific quarter. Greenbook inflation and
output growth data are currently available from 1968Q4 to 2005Q4, and the series used are
based on forecasts of percentage inflation, as measured by the relevant GNP or GDP deflator,
and forecasts for unemployment. More explicitly, and as in Boivin (2006), y;4,; is measured as
the natural rate of unemployment minus the Fed’s forecast for quarter ¢ 4+ ¢, where the natural
rate is computed as an average of the historical unemployment rate over data as available at
t. The interest rate series is the average actual federal Funds rate for the third month of the
quarter, with the timing of the third month chosen to ensure that this reflects any monetary
policy change effected during that quarter.

Our analysis recognises that m;;; and y;4,¢ (i = 1,2) are endogenous to the Fed’s monetary
policy decision. Although the Greenbook forecasts are produced as input to the interest rate
decision, views about the trajectory of the economy are closely bound with these decisions and
hence the exogeneity of the forecasts appears a priori implausible.

To implement the 2SLS methodology for breaks, the stability of the reduced form equations
needs to be be examined. The instrument set used for this purpose includes lags on each of
e, Ut, and r¢, together with observed GNP/GDP growth (denoted Ay;) and the interest rate
on long-term (ten year) bonds (Ir;). All data are real-time, with the Greenbook data from the
Philadelphia Fed’s real-time database used for 7, and to construct g, ;. Figures 1 and 2
show the inflation and unemployment gap forecast series used in our analysis, with Figure 3

illustrating the movements in both short- and long-run interest rates.

4.2 Results

The first step in the analysis is the to examine the stability of the Greenbook inflation and

implied unemployment gap forecasts, with results presented in Appendix Tables A.1 and A.2 for

11



the two-quarter ahead forecasts (7o) and 40|, respectively). All results, for each reduced
form equation and also for the monetary policy rule , are obtained allowing a maximum of
five breaks and with a minimum of 15% of the total sample observations required to be in each
regime, with the HQ criterion used for break detection. Due to the serial correlation that results
with overlapping forecast horizons, HAC standard errors are used to compute the ¢-ratios shown
in Appendix Tables A.1 and A.2.

Breaks are detected in the Fed’s reduced form inflation forecast equation in 1975 and 1981,
with a third break in either 1986 (one quarter ahead) or 1994 (two quarters ahead). Perhaps the
most notable feature of the coefficient changes in the inflation forecast equations in Appendix
Table A.1 is the greater role played by the long-term bond rate after 1981. This contrasts with
the first regime (to 1975), where the only individually significant explanatory variable is the
lagged observed inflation value. Breaks in the unemployment gap forecasts are also uncovered
in 1975 and 1981, with other breaks in 1991 and (for two quarters ahead forecasts only) at the
end of 1999. At least from the mid-1970s, unemployment gap forecasts are explained primarily
by lagged gap observations and past output growth, although the relative contributions of these
variables apparently changes over time (see Appendix Table A.2).

Our main focus is, however, the monetary policy rule of , for which results are presented
in Table 1 for both ¢ = 1 and 2. The Hannan-Quinn criterion detects breaks in 1980Q3 and in
either 1986Q1 or 1987Q2, which coincide well with the middle period being the ”non-standard”
monetary policy regime when nonborrowed reserves were targeted. Overall, the results are robust
to the choice of one or two quarter ahead forecasts, although it is notable that in the final regime
(from 1986/7) the estimated Fed responses to future inflation and unemployment are stronger
and more significant when the longer forecast horizon is used.

There are a number of interesting features of the estimated coefficients in Table 1. Firstly,
interest rate smoothing appears to be a feature primarily of the period after 1986/7, with neither
lagged interest rate coefficient individually significant at the 5 percent before this period. In other
respects, the pre-1980 and post-1986/7 regimes are broadly similar in that monetary policy reacts
to future values of both inflation and the unemployment gap. In the middle regime, however,
real activity plays no role.

A further comparison is provided by the implied steady-state monetary policy responses in

Panel B of Table 1. While there is evidence that the relative weights of future inflation and the

12



future unemployment gap are interchanged in the period from 1986/7 compared with pre-1980,
the largely constant response of US monetary policy to future inflation is striking.

The break dates detected for the monetary policy rule of the US Fed are effectively in line with
those detected by Duffy and Engle-Warnick (2006). However, our analysis is a very substantial
improvement by allowing for the endogeneity inherent in the use of a forward-looking monetary
policy rule. It is also notable that our finding of no break after 1987 in either specification,
and despite evidence that the reduced form relationships change after this date, supports the
proposition that the monetary policy objectives of the US Fed have remained constant since the

middle of the 1980s.

5 Conclusions

This paper examines the nature of changes in US monetary policy, allowing for endogeneity in the
forecasts embodied in interest rate decisions and with breaks examined through an information
criteria approach applied to both underlying reduced form equations and the monetary policy
rule of promary interest. Assumptions about the relative timing of breaks in these relationships
are avoided by considering each equation separately. Our findings confirm the assumption of
much earlier literature (including, among many examples, Ahmed et al., 2004, and Boivan and
Giannone, 2006) that US monetary policy has experienced regime switches over the post war
period. Indeed, although they employ different techniques to ours, Duffy and Engle-Warnick
(2006) also uncover monetary policy breaks at similar dates to ours. On the other hand, our
results do not confirm that monetary policy switches are associated with changes in the inflation
process (as suggested by Ahmed et al. (2004), Zhang et al. (2008) and others). To be more
precise, by comparing the break dates found in the reduced and structural form relationships, our
findings imply that the inflation forecasting process of the US Fed may have changed separately
from changes in the Fed’s monetary policy responses.

In order to conduct our analysis, the paper develops an information criteria approach to
break detection in an equation with endogenous regressors. This provides an alternative, and
potentially more flexible, approach to that of Hall, Han and Boldea (2010) based on hypothesis
testing. As with that approach, consistent inference on the number and dates of breaks in the

structural relationships of interest relies on breaks in the reduced form equations being detected

13



and taken into account. To our knowledge, information criteria have not been previously explored
in the present context. Nevertheless, not all information criteria deliver consistent inference, with
BIC (Schwarz (1978)) and HQIC (Hannan and Quinn (1979)) satisfying the condition required
on the penalty term for consistency to apply, whereas AIC (Akaike (1974)) does not.

However, this paper also raises a number of issues which are the subject of our on-going
research. These include investigation, through Monte Carlo analysis, of the relative performance
of information criteria and hypothesis testing approaches to structural breaks in equations with
endogenous regressors, and extension of the analysis here to allow the researcher to investigate

whether restrictions apply to parameters across regimes.

Table 1. Estimated Monetary Policy Rules

1968Q4- 1980Q3- 1986Q1- 1968Q4- 1980Q3- 1987Q2-
1980Q2 1985Q4 2005Q4 1980Q32 1987Q1 2005Q4
One-quarter ahead forecast values Two-quarter ahead forecast values

A. Estimated coefficients

T | 0.80 (4.36)  1.66 (11.35)  0.28 (2.17) | 0.76 (4.92) 1.83 (9.94)  0.44 (3.65)
Jopae | 102 (3.27) 003 (0.11)  0.18 (2.07) | 1.02 (3.31) -0.48 (0.22)  0.30 (3.71)
re_1 | 0.38 (1.29) -0.19 (1.25) 1.24 (7.46) | 0.40 (1.33) -0.07 (0.38) 1.27 (8.65)
r—s | 0.05(0.40) 0.09 (0.50) -0.39 (2.76) | 0.15 (0.93) 0.12 (0.62) -0.49 (3.98)
c 0.88 (1.05)  3.92 (3.48)  0.04 (0.30) | 0.54 (0.60) 1.03 (0.97) -0.03 (0.24)

B. Implied steady-state monetary policy response

92}

Mol 1.41 1.49 1.86 1.67 1.94 1.99

Tivilt 1.80 0.02 1.16 2.25 -0.05 1.35

Notes: Breaks in the monetary policy rule are detected using the Hannan-Quinn information
criterion, with a maximum of five breaks and a minmum of 15% of sample observations required
to be in each estimated monetary policy regime. Inflation and unemployment gap forecasts are
treated as endogenous in the monetary policy rule, with breaks detected separately for each
reduced form equation. Figures in parentheses in Panel A are t-ratios. The implied steady-
state responses of monetary policy to inflation and the unemployment gap shown n Panel B
are obtained from the estimated coefficients assuming constant short-term interest rates (r; =

re—1 = thz)'
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Appendix

Mathematical Appendix
Proof of Lemma 1

Case(i) Assume that is stable for t = [1,_1T] + 1, ..., [r;T], where 7; denotes the estimated

break fraction, so that for some 1,
Y = zgﬂgﬂ + Z/Ltﬁghi +uy t=[r1T]+1,...,[;T). (14)

Let f3; be the 2SLS estimator of 8 = [3Y;, Y ,]’ based on using 4¢(#) defined in , and

x50 Mz,

!

define wy(m) = [&¢(7)’, 21 4]’. Then, we have

-1 —

By = Zwt(ﬁ)wt(ﬁ)/ dwi®y = B+ Zwt(ﬁ)wt(ﬁ)/ Zwt(ﬁ)ﬁt(ﬁ),

J

where 37 denotes Z{ZTT] 41 and

(%) = yo — wi(#) BY. (15)

;A

To facilitate the analysis of RSS;(7(n);n,#) (henceforth RSS;), we consider y; — w(7) f;.
Defining i (7°) and 4 (7°) analogously to @;(#) and #(#), it can shown that implies

-1

&

\
g
>
S

I
Sz
N
<
+
&
N
=

\
l_E:b

()] B89 = wal®) | D wel@yw(7Y
J
XY wy(F)ig (7). (16)
J
From (16), it follows that
TT'RSS; = T7'Y (A + By — Cv)?, (17)
J
where A; = i;(7°), By = {f]t(ﬂ()) —it(ﬁ)/} 0 > and
/ (]
Co = wi(7) | Y wi(f)w(7) > wy(#)i (7).
7 t=[Ts]+1

. We now consider in turn the terms obtained by multiplying out the quadratic in .
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First for A?: using and substituting for #;(7") from , we have
Tt Zﬁt(ﬂ'o)Z = 77! Z {y: — wt(ﬂo)/ﬁ?}2
J J
TN {ue + [ — &:(a%))82,}°
J

= Ty {Ut +u,82,; — Z(r°) [éT(Wo) - @o} Bg,i}Q : (18)
j

(:)T(WO) is the (infeasible) OLS estimator constructed using the true reduced form break fractions
{n%} as the break dates, and as such, may be decomposed as
T

Z

. “1
Or(m) = Oy + (Z 5t(7T0)5t(7T0)/> Z

t=1 t=1

’
t(ﬂ'o)vt-

Substituting this formula into we obtain
Ty A = T {ar+b -}, (19)
J J

’ - ’ - - ’ -1 - ’
where a; = ug, by = v,00 ;, and ¢; = Z(n°) (Z;‘le Ze(79) 2 (70) ) 23:1 Z () v, B .
By Assumptions [4] and [5] it follows that for the terms a?, b7, and 2a;b; in (19), respectively

we have,

X

(1) —7j-1)0m,

T_lzuf
J

-1 0’ " 20
T Zﬁx7ivtvtﬂw,i

S
g

(15 — Tj—l)ﬁ&ﬁﬁ&m

J
T_IQZUtUtﬁg)i Z:)L (Tj — Tj—l)QEu'uBg;r
J

For the remaining terms in 7 using Assumptions [2 and |§| we have T—1 Egﬂrs] 41 LA 2y
Qzz(r) — Qzz(s) = Mzz(s,r) for r > s+ € is also pd and monotonically increasing. Also by

Assumptions [2] and [§], it follows that

T
T3 2040 B Qzz(D),
t=1
also pd, where sz(l) is the block diagonal matrix diag(Q1,Q2,...Qn+1) and Q; = Qzz(7d) —
Qzz(m)_,) and we set 7) = 0, 7, ,; = 1. Then, for a segment of the data t = [r;_1T] +
1,...,[r;TY, it follows that

[T

T Z Z(n0) 2 (7% B Q(1j-1, 1) in 751,75, (1, > Tj_1 +€) and pd, (20)
t:[ijlT]-‘rl
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where - assuming 7 < 7;_1 < Y, and 70, , < 7; < 7wy, ., ; without loss of generality -
Q(s, 7) = [0(h+1)gxiqr A(Tj=1,T5)s O(h41)gx (h—i—t—1)q) @and A(7;_1, 7;) is the block diagonal matrix
diag{Qzz (1) — Qz2(7j-1), Qi +2),...,Q(i +£),Qzz(1j) — Qzz (7], ,)}-

Furthermore, it follows from Assumptions [2| and |4} that 7—1/2 £’1:“7"1] (%) @ {(ug,vy')'} is
0,(1) via a central limit theorem. The above suffice to show that for the remaining terms in

we have, T~1 > aict 280,71 >, bic 2% 0and 7! >, & %o.

Combining these results regarding the term A? in it follows that
Ty A7 (1 — )T (21)
J

with T'; defined in Lemma [T

The term involving B? in can be written as

T B =T Y A o) — ()] [in(x) — ()] L.

= BTN [#r)an(®) + & (@)in(7) - 20 (n ) (7| ¢ AL (22)

The following results will determine the probability limit of . From Assumptions |[3| and |8] it

follows that

T T
T3 z(m)aE) ) a0 + o0p(1)

B Qzz(1) (23)
and also,
7! Zzt(ﬁ')zt(wo)’ 2 Q(rj-1,75) (24)
J
From Assumptions and [§] it follows that
T T )
T3 " z(m)2i Y Z(r)a) + 0p(1) X Qz2(1)0g (25)
t=1 t=1

By , , and ,
T T -1
Ty w@a() = Ty wE(R) (Z a(ﬁ)ztm)’) > a(E)E ()



which is pd by the construction of Q(Tj,l, 7;). Similarly, we have
T3 ay(n%)in(7°) 2 ©,Q(7j-1,7;)6%. (27)
J

For the last term in , we combine , , , and , and use Assumption to deduce

that

T
1D (m)an(®) = 2Ty Swdi(mo) <Z

= 200Q(7j-1,7;)00. (28)
Combining , , and , the probability limit of is
771y "B o, (29)
J

Now consider the terms involving C; in . Start by considering ) ; wy(7)us (7). If we expand
@i (#) similarly to (L6), and substitute for ;(#), then from we obtain

Zwt (7) i (7) Zwt { )+ [af;t(wo)’ —get(fr)'} g}

Thus, we have

Extfr~fr

I
7~
K
-
K
—~
=
\_/\
N
[~
I3
o~
5
S—
K\
—~
>
~
L
-]
IR
o~
—~
=
S~—
<3
Ky
—~
)
o
S~—

T T
- > a@®ar) <Zzt<ﬁ)ét(ﬁ>’> > a(®)el| - (30)

From 7 , and 7 the last two terms inside the brackets in cancel out asymptotically.

The same equations and also Assumption [4f after expanding @, (7o) similarly to , give

-1 —1
Ezt T (mg) = Ezt ut+T Ezt vtﬁm
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and therefore it follows from that,

T " &y (7)) (7) 23 0. (32)

J

It can also be shown via similar arguments that
T Zzl Vi (7) 230. (33)

Using (32 . together with . and (| it follows that the limiting behaviour of the terms

involving C; in T~'RSS; are:

Ty R0 (34)
J

2Ty AC, B0 (35)
J

271 Y " BiCy P50 (36)

J

The last remaining term of 7' RSS; involves 24; By,

TS AB = T Y ) [ - w(@) ] 8,
T -1
T wa(r)i(n) = T w8 - a(n) (Zztw%zt(w%/) >

t=[T's]+1
using the same arguments and , and -1 > Ue(m )z (%) %3 0 as well, resulting in

since by Assumptlon -1 ZtTTTS LuZ(n%) %50 and T sl v, %(7%) B3 0. Also

Ty AB 0. (37)
J

Collecting the results regarding the limit of T-'RSS; in 7 found in , , (?7), (?77),
, and , it follows that

T 'RSS; 2 (15 — 15-1)T%. (38)
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Case (ii): we first consider the case where segment j contains one neglected break and then
discuss how the argument extends to more than one neglected break. Let the neglected break

be at AY so that the model is

Yt o + 2B+ un,  t=[raT]+ 1., [\T]

Y = x;ﬁg,i+1 + le,tﬂzhi + u, t= [)‘?T] +1,.. [TjT]' (39)

Then the residual sum of squares in this segment, RSS;, may be decomposed as

[)‘gT] 2 75T o
TﬁlRSSj = 7 Z [yt — wy(7) /3]'] +771 Z {yt - wt(ﬁ)’ﬂj
t=[r;_1T]+1 t=[AOT]4+1
= £ + &, say, respectively. (40)

We focus on £;. Substituting for y; from , we have

T
G o= T Y w8 —w) B
t=[r; 1 T]+1
Ty D 2
= Y [a@® - w@) (58]
t=[r; 1 T]+1
DT o
= 7! Z Gy ()% — 20 (7)wy (7) (5]'* ?)

t:[ijlT]-‘rl )

+ (B - 8) wma) (5, -1 (41)

’ ’ 2
The first term in this sum can be written as, i (7)? = [ﬂt(wo) + (ﬁct(ﬁ') — &y (7Y) ) m} . Using
the results in the proof of Case (i) above for the limits of the terms involving sums of A?, BZ,

and A;B;, found in , , and , it can be shown that,

(AT
Til Z ﬂt(ﬁ')Q p—i)i ()\? - Tj—l)Fi- (42)
t:[ijlT]#*l

To proceed we need to derive plim <BJ — B?) where
Bj = Z wy (7 )wy ()’ Z we (7)Y (43)
J
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Using similar arguments to and we have that

Ty a(®a(#) T ToQ(r-1,m) Yo (44)
J
where Yo = [0, 1], I = 2,11 ® II, and

NIT]

Swy = TS w) [w) 8+ )]
J t=[r;_1T]+1
[m5T]

+71 Z w () {wt(ﬁ)lﬁgﬂ ‘H]t(ﬁ)}

t=[A9T]+1

B TQ(m-1, M) ToBY + QA 7)) Yol (45)
Combining , , and results in
R P -l _ o _
plim (3 = 89) 23 {T4Q(m 1) To ) {001, A) Tl + QO 7) Y082y | — A2,

(46)

Furthermore, 82 can be written as,

g = {T()Q(Tj—lyTj)TO}il{TBQ(Tj—lyTj)TO}B?

= {T’Q(Tj_th)To}il {T/OQ(Tj—17 A?)Toﬁ? + T()Q(A?,T])Toﬁ?} .

Substituting this into and after some algebra it is shown that

) ot (s ~ o1 ~
plim (5;‘ - ﬁ?) = {TS (ijlaTj)TO} YoQAY, 75) Yo (81 — B7) = Pr. (47)

P; is ensured to be non-zero because Q(r, s) is a block diagonal matrix and each block is positive

definite via Assumption @ and also ﬁ?H # BY.

Going back to &7, it follows that from , , and that the last two terms in

have the following probability limits

A7)
T Y amw) (B - 80) o (48)
t:[ijlT]Jrl
and
o T
(B-6) Y wmw@® (8- 8) " PTQ 1, M) TPy > 0, (49)
t=[r;_1T)+1

since Q(T, s) is positive definite and Py # 0.
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Collecting the results from , , and ,
€1 E)L ()\? — Tj_l)ri + P{T’OQ(Tj_l, /\?)T()Pl > ()\? — Tj_1)ri. (50)

Analogously for &3, we have

52 p—l; (Tj — A?)F1+1 =+ PQ/bCLTT{)Q(A?,Tj)T(]PQ > (Tj — )\(Z))FhLl (51)
where
_ o~ _ -1 _ . _
Py = {TBQ(Tj—th)TO} ToQ(7j-1, A7) Yo (87 — B1) # O
T'RSS; ™8 (N — 1y )T+ (15 — ATy + F (52)
where
F = P{@BQ(Tj_l,/\?)@Qpl + PQ,GIOQ()\?,T]‘)@()]DQ > 0. (53)

This line of argument extends to more than one neglected break. We now show how two
neglected breaks in a segment of the structural equation extend the case discussed above. To

do this, we must evaluate the limiting distribution of RSS; in a segment where there are two

neglected breaks, denoted A}, and A}, ;. Therefore, the data generation process is

Yo = f;ﬂg,i + le,tﬂgl,i + Uy, t=[r AT+ 1,...,[A)T]

_ 10 "0 ) 0
Y = Tfpip1 + 2Bz + oue, t=[NTT+1, . N T (54)
Y = xéﬁg,wz + Zl,tﬁgl,i + ug, t=NnT)+1, ..., [5T].

The RSS for this segment can be decomposed as,

AT 5 A1 T) )
T 'RSS;, = T7! Z (yt — wy(7) 53‘) +1T71 Z (yt — wy (%) 5]‘)
t=[rj_1T]+1 t=[A0T]+1
[TjT] o~ 2
+T Y (- w®) )
t=[A9,, T]+1
= & + &+ & (55)

Focusing on &, as in 7 this term can be written as
7]
o= 1> |w@)? - 2mEw) (8- 80)
t=[7;-1T]+1

’

b (8- 88) wiliyua) (5 - )| (56)

22



where Bj is defined as in . To analyse the limit of Bj, note that holds within the scenario

considered here. However, this time we have but in this case,

2T
Zwt(fr)yt = 7! Z wy (7) {wt(fr),ﬂ?Jrﬁt(ﬁ)}
J t=[rj_1T]+1
(A1 T]
+ T Y wi(#) [we(®) By + ()]
t=[A9T]+1
[T
Y w®) fw)

t=[A9 , T]+1

’

B4y + ia(7)]
and so
N PU Ay A 0\ 20 L A A\0 v A R0
Zwt(ﬁ)yt — TOQ(Tgfh)\i)TOﬂi +T0Q(>\i7)\z+1)Toﬁi+1
J
+ TR 1, 7)o B,

By a similar argument like the one that lead to , for plim <BIJ — Bg’i) here it follows that

plim (3= 80) = {T6Qr-1m)To} {Th@m-1 XD T0B? + THQ AL ToBl,
+ OO 1, 7) ToB s | — Y. (57)

We can rewrite 87 as

g = {Té)Q(Tj*l’ Tj)TO}i1 {T()Q(qu, TJ)TO} By

Il
—
]
o>
)]

S
.
O
S—
]
o
—
L
—~
]
o>
O
3
-
>
N
[
=
+
]
o>
el
>
S0
25
+
—
=
=

Then, after substituting this equation into and rearranging terms, we obtain
: A 0 p-u A < 17!
plim (B; = 67) =% {TQ(rj-1,7)To }
{0 A1) To(8 — BY)
+ THQ 1, ) To(Bls = BD) | = K, say. (58)
Using this expression together with and (?7), it follows that the limit of &
& 5 (A — 7o)+ K TQ(r-1, M) To K. (59)
Analogously, we have
& M (A — AT + Ky THQ(, A, ) To Ko (60)

79

23



with

Ky = {76@(%‘71%‘)%}71 {Téé(%‘fl’)\?)fo(ﬂ? — B8 1) + TR, 1, 7) Yo (B, —5?+1)}

and,

& 2 (1 = M) Tige + K3 ToQAY,y, 77) ToKs (61)
with
S~ Ve A 0\~ 0 0 Y A7y0 10 ¥ 0 0
K3 = {TOQ(Tj—l,Tj)TO} {TOQ(Tj—l,)\i)TO(ﬁi - i+2) + TOQ()\m)\iH)TO(ﬁiH - 5i+2)}~

Combining the above , , and concludes that

T'RSS; ™% (N — )T+ (A — A)Dig1 + (1 — Ay )i + Fo (62)
where
By = K TQ(1j-1, \)ToK: + Ky ToQA), N0, ) ToK,
+ Ky TQ\,, ) TokKs > 0. (63)

To see that F is positive definite consider the following. Since Q(r, s) is positive definite for
any r > s and Yy is full rank, it suffices to show that not all K;, K5, and K3 can be zero. By
1} K is defined as the plim (BJ — B?) and analogously Ky and K3 are plim ([3’] — B?_H), and
plim (BJ — 5?+2) respectively. From the solution for, say K3, given in , it can be deduced
that there can exist a combination of break locations and parameter values for which K7 is zero.
The intuition for this is that Bj, that is estimated over ¢t = [r;,_1T] + 1,...,[7;T], happens to
converge to Y. But if this is the case then at least one of Ky and K3 will be non zero since
BY #£ BY W F B9 't by the assumption that segment j has two neglected breaks. Therefore, the
sum of terms involving those three in will be strictly positive.

The same argument to the case of two neglected breaks in the segment extends to cases with
more than two neglected breaks but the proofs are supressed here for brevity. Instead, we present

the general form of RSS;, for k neglected breaks, that is
T~ RSS;(t(n);n, 7) 2% (N — - + (A = ADTip +...
+ (Ar = M)k + (1 = Ap)ligrn + F.

where F' is a positive definite matrix defined as,

’

F = K ToQ(1j-1, \)ToK1 + Ko ToQA, AL ) ToKa + ... + K ToQA, A2, )
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where K is defined as

—/ =~ — -1 —/ o~ — — /o~ _
Ko = {100 )T} {T6@(s 100 To(8) = Blr) + ToQ AL ) To(By = Blemn) + ..

+T£)Q()\?+R—l7 Tj)TO(BzQ—H@ - B?+<_1)}

for¢=1,2,...,k+ 1.

Proof of Theorem 1

Lemma 1 can be used to establish a proof for the consistency of the information criterion
I(7(n);n,7) in selecting the true number of breaks. This can be achieved by considering the
possible cases where the 2SLS procedure may over-fit, under-fit or correctly identify the true

number of breaks (m) in the model. Firstly denote

m+1

T, m, 8% = 30\ — A1) (aﬁ + 25,87 + ﬂ;?’zvﬁg)

j=1
where with A% = (A2, A9,..., A0 ) and 8° = (8%,4Y,... ,ﬂ?r;H)’. (A% m, %) is then the sum
of the I'; across all segments of the data. In the cases where there are neglected breaks
in one or more segments, using the results of Case (ii) in and we can show that
by adding the terms involving I';, « = 1,2,...,m + 1 across segments, the break fractions of
the incorrectly estimated breaks (7;,7;_1) will cancel out and so the limit of all terms involving

Var[ug, v;]z] will be (A%, m, 8°). To illustrate this, consider the case where for only one segment

j st [mj—1iT]+1,...,[r;T] there is one neglected break A; (as shown in ) Then,

U(r(n),m; X% %) = (A =01 +... + (o1 = A )0 + (A — 70T + (1 = A1 + Fy

+ (Y = 7)1 o+ (L= A0 Do

AT =2ADT 4o+ A =200+ (W = ADT g + .o+ (1= A0y + F

= F()\Ovmaﬁo)+F1

since the true vectors of coeflicients B? are stable in each segment j.
Also, it follows directly from the analysis of Case (i¢) that a straight forward generalization
to the case of a segment with more than two neglected breaks will result in a limit function with

the basic characteristics of . Denote F(7(n), \%) the collection of any terms of the form of Fy
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, Fy , or the equivalent of the general case of more than two neglected breaks, that will
exist when any number of segments [7;_17] + 1,...,[r;T] include one, two, or more neglected
breaks. As shown in Lemma 1(ii), all these terms will be strictly positive.

Then, the behaviour of the information criterion can be examined in the following cases:

(1) if n = m. The estimation procedure has identified the correct number of breaks. The
following two scenarios are possible,

(1.1) if 7(n) = A° then there will not be neglected breaks in any segment and by Case (i),
L(r(n);n, 7) 5 DO’ m, 5%)

(1.2) if 7(n) # A° then there must exist j s.t. [r;_1T] +1,...,[r;T] contains at least one

neglected break, and therefore
I(r(n)n, @) =5 T(A°m, %) + F(r(n),\%)
where F(7(n),\%) > 0

(2) if n < m. The estimation procedure has under-fitted the model. Then there must exist a

segment j s.t. [7,_1T] +1,...,[r;T] contains at least one neglected break, and
I(r(n);n,7) & TN, m, %) + F(r(n),\%)
where F(7(n),\%) > 0
(3) if n > m. Then the following two scenarios are possible
(3.1) if 7(n) does not contain \° then there must exist j s.t. [1;_17] + 1,...,[r;7] includes

at least one \Y and

I(r(n);n,7) % T\ m, 8% + F(r(n),\°)
where F'(7(n),m) > 0
(3.2) if 7(n) contains A\° consider
Dy = {I(r(n);n,7) — I (A% m)}
and
Dy = Tin{T(r(n);n, §)/T(5m, 6°) } + T {K(q,n,T) - K(qm,T)}
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where QL R is the quasi likelihood ratio test for Hy : 7(n) = A° which is a nested test as 7(n) €
AY. Under its Hg by standard arguments QLR = Op(1), and since T {K (¢,n,T) — K(q,m,T)} 2g
+o00 it follows that

Dr — oo.

Taken together, cases (1), (2), and (3) imply desired result.
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Appendix Table A.1. Two-Quarter Ahead Inflation Forecast

Reduced Form Estimates

1968Q4 - 1975Q3 - 1981Q2 - 1994Q2 -
1975Q2 1981Q1 1994Q1 2005Q4

i1 0.042 (0.20)  0.169 (1.81)  0.005 (0.08)  0.348 (2.23)
ri_s 0.086 (0.62)  0.426 (3.17)  0.193 (3.24) -0.167 (1.11)
Tio1 0.276 (3.20)  0.163 (1.32)  0.088 (1.49)  0.057 (0.94)
Ti_s 0.199 (1.65)  0.171 (2.47)  0.268 (6.04)  0.195 (2.47)
Ti1 0.634 (0.87)  0.697 (2.23)  0.061 (0.27) -0.207 (1.03)
U2 -0.935 (1.53) -0.915 (3.12)  0.013 (0.06) -0.038 (0.17)
Ayi_y 0.027 (0.57) -0.144 (2.24)  0.016 (0.74) -0.058 (2.38)
Ays_s 0.030 (0.63) -0.048 (2.68)  0.043 (1.60) -0.051 (1.88)
Ire_y 0.467 (1.13) -0.086 (0.40)  0.283 (3.17)  0.416 (3.45)
Ire_s -0.219 (0.45) -0.672 (2.23) -0.326 (4.43) -0.275 (2.43)
constant | -0.775 (0.27)  6.84 (3.81)  1.227 (3.39)  0.374 (1.37)
R? 0.881 0.956 0.921 0.801
G 0.646 0.487 0.397 0.283

Notes: Break dates are detected using the Hannan-Quinn information criterion, allowing a max-
imum of five breaks with a minimum of 15% of the sample in each regime. Values in parentheses
are Newey-West heteroscedasticity and autocorrelation robust ¢-ratios (in absolute value), which

are computed conditional on the detected breaks.
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Appendix Table A.2.

Two-Quarter Ahead Unemployment Gap Forecast

Reduced Form Estimates

1968Q4 - 1975Q4 - 1981Q2 - 1991Q1 - 2000Q1 -
1975Q3 1981Q1 1990Q4 1999Q4 2005Q4

o1 0.299 (3.34) -0.207 (1.73)  0.065 (1.59) -0.009 (0.09)  0.153 (1.66)
Ti_s -0.220 (3.69) -0.232 (2.52) -0.120 (2.54) -0.065 (0.80) -0.288 (3.50)
Tt -0.097 (1.56)  0.144 (2.69) -0.004 (0.10)  0.058 (1.32) -0.066 (0.95)
Mo -0.166 (2.43) -0.005 (0.08)  0.005 (0.18)  0.111 (1.90)  0.065 (1.58)
i1 0.584 (2.08)  0.768 (3.67) 1.148 (5.24)  0.715 (4.51)  0.386 (2.61)
s -0.119 (0.59)  0.094 (0.33) -0.314 (1.45)  0.422 (2.90)  0.865 (3.90)
Ay,1 | -0.024 (0.67)  0.011 (0.22)  0.095 (4.49)  0.064 (2.57)  0.131 (6.08)
Ay,_s | -0.010 (0.48)  0.063 (2.04) 0.033 (1.90)  0.017 (0.85)  0.117 (5.94)
Irey 0.013 (0.13)  0.295 (0.90) -0.185 (2.51)  0.051 (0.71) -0.078 (0.70)
Ire_s -0.467 (1.68)  0.118 (0.52)  0.178 (2.11) -0.030 (0.31) -0.111 (0.95)
constant | 3.335 (1.86) -1.700 (0.95) -0.002 (0.01) -0.284 (0.83)  0.267 (0.59)
R? 0.958 0.893 0.979 0.980 0.977
G 0.364 0.390 0.276 0.181 0.147

Notes: See Table A.1.
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Figure 1. One and two quarter ahead inflation forecasts.
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Figure 2. One and two quarter ahead unemployment gap forecasts.
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