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Abstract

We employ a novel identification scheme to quantify the macroeconomic effects
of monetary policy shocks in the United States. The identification of the shocks
is achieved by exploiting the instabilities in the contemporaneous coefficients of
the structural VAR (SVAR) and in the covariance matrix of the reduced-form
residuals. Different volatility regimes can be associated with different transmis-
sion mechanisms of the identified structural shocks. We formally test and reject
the stability of our impulse responses estimated with post-WWII U.S. data by
working with a break in macroeconomic volatilities occurred in the mid-1980s.
We show that the impulse responses obtained with our non-recursive identifica-
tion scheme are quite similar to those conditional on a standard Cholesky-SVARs
estimated with pre-1984 data. In contrast, recursive vs. non-recursive identifica-
tion schemes return substantially different macroeconomic reactions conditional
on Great Moderation data, in particular as for inflation and a long-term interest
rate. Using our non-recursive SVARs as auxiliary models to estimate a small-scale
new-Keynesian model of the business cycle with an impulse response function
matching approach, we show that the instabilities in the estimated VAR impulse
responses are informative as for the calibration of some key-structural parameters.
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1 Introduction

Since the seminal contribution by Sims (1980), Structural Vector Autoregressions (SVARs
henceforth) have widely been employed by macroeconomists to establish stylized facts
and discriminate among competing models. A lot of effort has been devoted to study
the effects of monetary policy shocks in the United States (see, among others, Chris-
tiano, Eichenbaum, and Evans (1999), (2005)). Typically, exogenous variations of the
federal funds rate have been identified by estimating fixed coefficient-VARs and appeal-
ing to the Cholesky-identification scheme. In other words, researchers have exploited
long samples and applied a scheme which imposes a recursive structure on the con-
temporaneous relationships of the macroeconomic variables of interest. The underlying
assumptions behind such identification scheme are: i) some macroeconomic variables
(e.g., real GDP, inflation) are ’slow moving’, i.e., they are assumed to react to monetary
policy shocks with a lag; ii) the systematic monetary policy component immediately
reacts to macroeconomic shocks that affect the equilibrium value of such slow moving
variables.

Fixed coefficient-recursive VARs are potentially quite powerful, because of the num-
ber of degrees of freedom and the fact that they do not require the econometrician
to identify macroeconomic shocks other than the one of interest. However, some re-
searchers have found evidence inconsistent with the assumption of a lower-triangular
economic system (see Del Negro, Schorfheide, Smets, and Wouters (2007) as for the
immediate reaction of output to a monetary policy shock, Faust, Swanson, and Wright
(2004) as for the contemporaneous response of prices, Normandin and Phaneuf (2004) as
for both, and Gertler and Karadi (2014) as regards the on-impact reactions of a variety
of rates related to different maturities). Moreover, most DSGE macroeconomic mod-
els typically feature no lags in the monetary policy transmission mechanism (see, e.g.,
King (2000), Smets and Wouters (2007), Gali (2008)).! As a matter of fact, however,
recursive schemes are still quite popular among VAR macroeconomists. The reason
is simple. More often than not, the non-recursive schemes implied by DSGE models
are unfeasible due to insufficient information coming from the reduced-form variance-
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covariance matrix.”> Moreover, fixed coefficient-VAR, are questionable in presence of

!'Notable exceptions are Rotemberg and Woodford (1997), Christiano, Eichenbaum, and Evans
(2005), Boivin and Giannoni (2006), and Altig, Christiano, Eichenbaum, and Lindé (2011).

20f course, such non-recursive schemes become feasible if the econometrician imposes the full set of
cross-equation restrictions due to rational expectations. In this case, however, the need of estimating
a VAR is unclear, given the knowledge of the true data-generating process by the econometrician.



parameter instability. Changes in the variance of the shocks hitting the U.S. economic
system are well documented (see, e.g., McConnell and Perez-Quiros (2000), Stock and
Watson (2002), Sims and Zha (2006), Smets and Wouters (2007), Justiniano and Prim-
iceri (2008), Canova, Gambetti, and Pappa (2008), and Canova (2009)). Breaks in the
policy regime, possibly related to changes in the Federal Reserve’s chairmanship, have
also been supported by some recent empirical investigations (Clarida, Gali, and Gertler
(2000), Lubik and Schorfheide (2004), Boivin and Giannoni (2006), Benati and Surico
(2009), Mavroeidis (2010), and Castelnuovo and Fanelli (2013)). Variations in the para-
meters related to private sector’s behavior have been detected by, among others, Canova
(2009), Inoue and Rossi (2011), Canova and Menz (2011), Canova and Ferroni (2012),
and Castelnuovo (2012). Unfortunately, in presence of breaks, VARs estimated over
long samples may return a biased picture of the macroeconomic effects of monetary
policy shocks.

This paper’s contribution is threefold. First, we propose a novel identification strat-
egy to assess the macroeconomic effects of monetary policy shocks in SVARs. Our
strategy is based on the idea that structural, contemporaneous macroeconomic rela-
tionships may change across different heteroskedasticity regimes detected in the data.
Breaks in the reduced-from variance-covariance matrix are shown to be informative as
for changes in the impulse vectors of our VARs as well as variations in the size of the
monetary policy shock. We present and discuss novel necessary and sufficient identifica-
tion conditions that generalize those related to fixed parameter-SVARs. The structural
models identified with our methodology are labelled 'SVAR-WB’ (where ‘WB’ stands
for ‘with break’). Importantly, our methodology jointly tackles the two issues indicated
above, i.e., the possibility of non-zero contemporaneous macroeconomic responses to
monetary policy shocks and parameter instability.

We then employ our SVAR-WB to model a vector of seven U.S. macroeconomic
variables for the post-WWII period, and contrast our impulse responses with those ob-
tained with alternative identifications schemes. The identification of our break-based
VAR models exploits the change in the variance of the reduced form VAR errors de-
tected in the mid-1980s. This choice is justified by the vast literature documenting
heteroskedasticity in the U.S. (McConnell and Perez-Quiros (2000), Stock and Wat-
son (2002), Sims and Zha (2006), Smets and Wouters (2007), Justiniano and Primiceri
(2008), Canova, Gambetti, and Pappa (2008), and Canova (2009)).

Finally, we estimate a small-scale new-Keynesian model of the business cycle featur-

ing a cost-channel & la Ravenna and Walsh (2006) via impulse response function match-



ing. Similar frameworks have successfully been employed in recent empirical analysis
to describe features of the U.S. business cycle (see, among others, Clarida, Gali, and
Gertler (2000), Lubik and Schorfheide (2004), Boivin and Giannoni (2006), and Benati
and Surico (2009)) or to interpret some VAR-related puzzles (Carlstrom, Fuerst, and
Paustian (2009)). We estimate a version of the Ravenna and Walsh (2006) model by
minimizing the distance between the impulse response functions (IRFs) implied by the
New-Keynesian model and the IRFs estimated with our non-recursive SVAR-WB. This
exercise is conducted to shed light on the relationship between the instabilities of our
VAR impulse responses (due to a structural break) and the possible time-dependence
of (a subset of) the parameters of a new-Keynesian model widely employed in empirical
analysis.

Our results read as follows. First, we provide formal evidence of instability in the
U.S. post-WWII macroeconomic impulse responses to a monetary policy shock. Such
evidence is conditional on a break in the early 1980s, which can be easily interpreted in
light of the switch from the Great Inflation to the macroeconomic Great Moderation.?
This result is robust to the employment of recursive and non-recursive identification
schemes, and - as shown in a Technical Supplement available upon request - it is valid
irrespective of whether the data collected in the SVARs-WB are modeled as highly
persistent stationary time series or as non-stationary cointegrated time series. Digging
further, we find that the VAR dynamics typically associated to the entire post-WWII
U.S. history are de facto driven by observations related to the Great Inflation only.
This result clearly applies to the ‘price puzzle’, which is the positive short-run reaction
of inflation to a temporary monetary policy tightening. We find the ‘price puzzle’ to be
present in the first sub-sample only, no matter what the identification scheme employed
in our analysis is.

Second, we show that recursive restrictions imply responses that are extremely (and
somewhat surprisingly) similar to those produced with a non-recursive scheme for the
Great Inflation period. Quite differently, these two alternative identification schemes
lead to substantially heterogeneous predictions on the macroeconomic effects of mon-
etary policy shocks as for the post-1984 phase. In particular, the recessionary and
deflationary effects of policy shocks are estimated to be more profound. Moreover, the
hump-shaped macroeconomic path often found in recursive SVARs is not confirmed

by our non-recursive framework as for durable consumption, inflation, and the federal

3The term ‘Great Moderation’ was coined by Stock and Watson (2002) to indicate the substantial
reduction in the volatility of the U.S. real GDP growth rate and inflation occurred in the mid-1980s.



funds rate, and the reaction of the long-term interest rate is documented to be sig-
nificantly negative. This last result confirms the one by Bagliano and Favero (1998),
who also work with a non-recursive scheme and find a negative short run correlation
between the federal funds rate and the long-term interest rate conditional on policy
shocks in the Great Moderation period. Third, our impulse response matching exer-
cise points to clear instabilities in the estimated structural parameters of the Ravenna
and Walsh (2006) model. In particular, the influence exerted by the cost channel in
affecting inflation is found to be drastically lower when moving from the pre-1984 phase
to the Great Moderation. In light of the relevance of the cost channel for monetary
policy design stressed by Ravenna and Walsh (2006), we believe that this finding is a
good example to underline the importance of accounting for breaks when conducting
impulse response function matching estimations of monetary policy DSGE models. The
SVAR-WB approach proposed in this paper naturally accounts for such instabilities.
The paper is organized as follows. In Section 2 we discuss the methodology used to
identify the macroeconomic effects of monetary policy in our reference SVAR-WB. In
Section 3 we present and discuss a battery of results obtained with a standard vector
of seven U.S. macroeconomic series. Section 4 proposes the estimation of a small-scale
structural model featuring the cost-channel via impulse response function matching.

Section 5 discusses the contacts with the methodological literature. Section 6 concludes.

2 The SVAR-WRB: Identification analysis

We introduce a novel methodology to identify the macroeconomic effects of monetary
policy shocks when the VAR error covariance matrix and the parameters governing
the mapping from the VAR disturbances are subject to breaks. We also present novel
necessary and sufficient identification conditions.

To fix ideas and notation, we briefly start from a reference fixed parameter-SVAR.
Let z; = (214, ..., 2nt)’ be the n x 1 vector of observable variables. We assume that the

reference model for z; is given by the SVAR:
Zt:H'UJt—f—'U,t y ut:Cet y etNWN(On ,In), tzlj,T (].)

In system (1), w; is the n-dimensional White Noise process of reduced form errors
(disturbances) with covariance matrix ¥, = E(w,u}), w, = (2,_1, 2} o, ..., 2} _;, d;)" is
the vector of VAR regressors, k is the VAR lag order and d; is a b-dimensional sub-

vector collecting deterministic components. The reduced form parameters are contained



in IT = (A4,..., A, ¥) and X, where A;, j = 1,...,k are n X n matrices, e is the
n-dimensional vector of orthogonal structural shocks, ¥ collects the loadings of the
deterministic components, and C is the n X n matrix which maps the structural shocks
onto the VAR disturbances. We denote ‘reduced form parameters’ the elements in IT
and X, and ‘structural parameters’ the elements in C.

Next, we assume that it is known that at time Tz, where 1 < Tg < T', the matrix 3,
changes. In our setup, also the matrix Il is allowed to change. The date T’z corresponds
to the first observation in the second regime. We focus on the case of a single break
for simplicity and consistently with the developments in the next empirical sections.
However, our methodology can in principle deal with a number of break dates larger
than one (for a discussion, see Bacchiocchi and Fanelli (2012)).*

The baseline specification in eq. (1) is replaced with
zy =I(tw, +u , uy = C(t)e; , e, ~ WN(O, , I,,) (2)
where I1(¢) and X,(t) are given by
II(t)=I1, x 1(t <Tp) + Iy x 1(t > Tp) (3)

Y.0)=%,1x1(t <Tp)+ 2,2 x1(t > Tp), (4)

where 1(-) is the indicator function, ITy and X,; are the matrices of reduced form
parameters in the pre-break regime and II, and X, 5 are the reduced form parameters
in the post-break regime, respectively. We temporarily leave the C(t) matrix in eq.
(2) unspecified. Our main assumption is that 3, ; # X, i.e., we assume our data
to be characterized by two volatility regimes. Differently, we allow, but not necessarily
require, the condition IT; # Il to be met.

One crucial hypothesis in the recent literature on the identification of SVARs through
changes in volatility is that the variation in 3, is not associated with a change in C, i.e.
C(t) = Cfort=1,...,T, given eq. (4). Under this condition, one can uniquely identify
the elements of C (up to sign changes) by exploiting the simultaneous factorization of

the matrices 3, ; and 3, »:

“In a companion paper, Bacchiocchi and Fanelli (2012) apply the methodology proposed in this
paper to a small-scale VAR which focuses on the interaction between nominal interest rate and money.
Our larger-scale VAR involves macroeconomic indicators such as consumption and investment, which
carry relevant information on agents’ expectations. This is done to i) study the effects of monetary pol-
icy shocks identified with our methodology on those variables, and ii) tackle the non-fundamentalness
issue which is likely to arise when dealing with small-scale VARs (see Forni and Gambetti (2014) and
the references therein).



¥,,=PP | %,,=PVP (5)
where P is a n xn non-singular matrix and V =diag(vy, ..., v,)# I, is a diagonal matrix
with elements v; > 0, ¢ = 1,...,n. Identification can be achieved by setting C = P,
where the choice C = P is unique except for sign changes if all v;’s are distinct, see
Lanne and Liitkepohl (2008, 2010). In this case, no theory-driven restriction is needed
to identify C. However, as previously pointed out, one has to assume the coefficients of
the matrix of the contemporaneous relationships to be fixed. We relax this assumption

by allowing for changes in the C matriz via the following specification:
Ct)y=C+Qx1(t>1Tp) (6)

where @ is a n x n matrix whose elements capture the changes of the coefficients of
C from the pre- to the post-break regime, and the matrix (C + Q) is assumed to be
invertible. The so defined SVAR gives rise to the set of restrictions

Y. = CC S ot=1,...Ts—1 (7)
S = (C+Q(C+Q) . t=Tp..T. (8)

In this parametrization, the hypothesis ¥, ; # 3, 5 implies Q # 0,,x,, i.e. the change
in the covariance matrix is automatically associated with a change in the structural
parameters.®

Eq.s (7)-(8) are not sufficient to identify the shocks of the SVAR with a break. To
see this, observe that eq.s (7)-(8) provide n(n+1) symmetry-induced restrictions, while
C and Q contain 2n? elements. In absence of further restrictions, n(n — 1) parameters
in C and Q are unidentified. We thus consider a joint set of linear restrictions on C
and @Q of the form

= + , 9
( vec(Q) 0p2xae So q 50 9)
then the SVAR in eq. (2) can be identified.® In eq. (9), ¢ is a ac x 1 vector which

collects the unrestricted (free) structural parameters, S¢ is a n? x ac known selection

®The converse, instead, is not generally true because it is possible to find examples in which Q #
. — 0 1
0, xn but X3, 1=3, 5. Consider, as an example, the case C:= cu ‘12 , Q:=2c1o It
’ ’ C12 €22 -1 0
¢ty + ¢t €11€12 — €12C22
C11C12 — C12C22 fy + 3y '

Sc S
0,2« ac SQ
shown that given a set of generic linear restrictions, using the QR-decomposition, it can be transformed
into an upper triangular structure (upper trapezoidal matrix) as in the definition of S.

is easy to verify that 3, 1=X,2 = [

6The upper triangular structure of S= < is not mandatory. Indeed, it can be easily
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matrix, s¢ is a n? x 1 known vector and ac < %n(n — 1), g is a ag x 1 vector which
collects the unrestricted (free) elements of Q, S¢ is a n? x ag known selection matrix
and sg is a n? X 1 known vector. Finally, S; is a known selection matrix by which it is
possible to impose cross-restrictions on the elements of C and Q (obviously S; will be
zero in the case of no cross-restrictions).

Throughout the paper we denote the system described by eq.s (2)-(4), eq. (6) and
eq. (9) with the acronym ‘SVAR-WB’. The next proposition derives our main result on
the identification of SVARs-WB.

Proposition 1 Consider the SVAR-WB defined by eqs. (2)-(4), eq. (6) and the re-
strictions in eq. (9). Assume that 3,1 # 3,2 and that the matrices Cy and (Co+Q)
are non-singular, where Cy and Q, are the counterparts of C and Q once the vectors
w and q in eq. (9) have been replaced by their ‘true’ values @, and q,. Then, the
necessary and sufficient rank condition for the SVAR-WB to be locally identified is

Co+Q)xI, (Co+Qy)®I,

+ (CO ®In> 0712><n2 SC SI
rank 4 (I @ D) ( ( On2vae S0

) = a(;+aQ

(10)
where D} = (D!, D,,) D! is the Moore-Penrose inverse of the duplication matriz D,
(i.e. Dy, is such that Dyvech(X, 1) = vec(X,1)), and vo = (g, qp)’ is a ‘regular point’
(i.e. the rank condition in eq. (10) does not change within a neighborhood of vy). The

necessary order condition s
(ac +ag) < n(n+1). (11)

Proof. See Appendix.

u

If the SVAR-WB meets the rank condition in eq. (10), the SVAR-WB is identified.”
In particular, the system is just-identified when the rank condition holds and the number
of restrictions on C and Q is (a¢ +ag) = n(n+1), and is over-identified (with testable
over-identification restrictions) when the rank condition holds with (ac+ag) < n(n+1).

The (population) orthogonalized IRF's are given by

', = [71,l7m7h] =G (A)"GCy, h=0,1,2,... ‘pre-break’ regime (12)

"The full-column rank condition in eq. (10) can be verified ex-post by replacing v and q with their
maximum likelihood estimates. Alternatively, Bacchiocchi and Fanelli (2012) discuss an algorithm that
can be used to check the rank condition prior to estimation.



Ty = [72,l,m,h] :G’(A;)hG(C(ﬁ—QO) , h=0,1,2,... ‘post-break’ regime (13)

where G is a selection matrix of conformable dimensions and

A= ( 1L ) ,
I -1 0 (k—1)xn

are the reduced form VAR companion matrices in the pre- and post-break regimes,
0z ¢
86777,,t—h

i=1,2

respectively.® In this setup, the element Yidmn = of the matrix TI';; captures
the response of variable z;; to a structural shock e,,; at horizon h (h=0,1,2,...), in the
volatility regime characterized by the covariance matrix ¥, ;,7 = 1, 2.

In presence of stationary variables, the IRFs in eq.s (12)-(13) can be estimated
consistently by replacing the matrices Cy, Q, and A}, i = 1,2 (A] and A3 have all
their eigenvalues inside the unit circle) with their consistent estimates (see Bacchiocchi
and Fanelli (2012)). The same can be done if z; contains non-stationary cointegrated
variables, under the condition that the unit roots driving the system are properly fixed as
suggested in, e.g., Phillips (1998), Liitkepohl and Reimers (1992), Amisano and Giannini
(1997) and Vlaar (2004), and discussed in our Technical Supplement. Confidence bands

for the IRFs can be computed accordingly.

3 Empirical results

We now turn to our empirical application. We model a vector z; of seven U.S. macroeco-
nomic variables, i.e., non-durable personal consumption (NDCONS), durable personal
consumption (DCONS), fixed-private investments (INVEST), gross domestic product
(GDP), inflation (INFL), federal funds rate (FFR), and 10 year-Treasury Bill rate
(I0YR). The source of the data is the Federal Reserve Bank of St. Louis. The first four
time series are all expressed in real and per-capita terms, and are considered in logs.
The inflation rate is computed as the quarterly growth rate of the GDP deflator. The
interest rates are quarterly rates. All series are expressed in percent terms.

We consider the sample 1960Q1-2008Q2. The beginning of the sample corresponds
approximately to the beginning of the phase of rising inflation in the post-WWII U.S.
economic history. The end of the sample is intended to limit the issues related to the
recent financial crisis, which led the Federal Reserve to decrease the nominal interest
rate and hit the zero lower bound, a situation which can hardly be captured by (regime-

contingent) linear VARs like ours.

¥Note that given our assumption on IT; and IIp, A} and A} may be different or equal in eqs.
(12)-(13).



Our aim is to identify the macroeconomic effects of a monetary policy shock. We do
so by working with two SVARs-WB as represented in eq.s (2)-(9). Both these models are
based on the (testable) hypothesis of a change in the error covariance matrix 3, at the
beginning of the 1980s (see Section 3.1), and fulfill the identification conditions stated
in Proposition 1. Importantly, they differ in the way the matrices (C, Q) are specified.
The first one, labeled as ‘recursive SVAR-WB’, assumes a standard recursive structure of
the economic system (Section 3.2). The second one, termed ‘non-recursive SVAR-WB’,
allows (without necessarily requiring) (a) monetary policy shocks to contemporaneously
affect all variables of the vector z;, and (b) all variables in z; to exert a contemporaneous

influence on the nominal interest rate (Section 3.3).

3.1 Evidence of a change in the VAR error covariance matrix

We specify our reduced form VAR for z, =(NDCONS,, DCONS,, INVEST;, GDP,,
INFL,, FFR;, 10Y R;)’ with equation-specific constants and four lags.!'® As shown in
Section 2, the SVAR-WB approach hinges upon the exploitation of a structural break.
The macroeconomic literature has recently documented a dramatic fall in the variances
of the main macroeconomic indicators, which has been termed ‘Great Moderation’.
Kim and Nelson (1999) and Stock and Watson (2002) offer support for a break in the
macroeconomic volatilities around 1984. McConnell and Perez-Quiros (2000) identify
1984Q1 as the break-date of the variance of the U.S. real GDP. Boivin and Giannoni
(2006) also detect a break in the coefficients of a reduced-form VAR for the U.S. economy
in the early 1980s. As in Justiniano and Primiceri (2008) and Blanchard and Riggi
(2013), we take such date as a break-point in our sample, i.e., T =1984Q1.

We formally test the occurrence of the break in the reduced form parameters at
time T =1984Q1 through a standard LR Chow-type test. We first focus on the
joint null hypothesis that the VAR reduced form parameters are constant across the
two regimes 1960Q1-1983Q4 and 1984Q1-2008Q2, i.e. (ITI}=II>) A (X,1=X,2) against
the alternative (ITy # Ily) V (¥,1 # X,2). The null hypothesis of stable parameters is
clearly rejected. The LR statistic is equal to LR =-2[1213.20 - (602.89+953.90)]=687.18
and has a p-value of 0.000 (taken from the x?(231) distribution).!! Obviously, also the

9In line with most of the literature, and for comparative purposes, we treat all modeled variables as
highly persistent but covariance stationary time series. Our Technical Supplement extends the analysis
of the SVAR-WB to the case of unit roots and cointegration, and shows that our qualitative results
are substantially unaffected.

10 A robustness check involving an equation-specific linear trend returned virtually identical results.

" QOur estimates are ‘quasi’-ML estimates because of the maintained assumption of a Gaussian like-
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LR Chow-type test for the null 3, ;=3, 5 against the alternative 3, ; # 3,2 (and the
implicit hypothesis IT;=I1I5) leads us to strongly reject the null of stability.

Overall, even considering that the LR Chow-type tests may be over-rejective in fi-
nite samples, we can safely conclude that the sub-periods 1960Q1-1983Q4 and 1984Q1-
2008Q2 represent two distinct regimes characterized by different error covariance ma-
trices. This evidence calls for the employment of models able to deal with breaks and
provide information for the identification of monetary policy shocks, a task for which
our SVAR-WB approach is clearly suited.

3.2 Recursive approach

In the recursive scheme, we order the policy instrument after the remaining macro-
economic variables, the only exception being represented by the long-term interest
rate, which is ordered last in z;. The ordering of the variables is the following: z; =
(NDCONS,;, DCONS,,INVEST,,GDP,,INF Ly, FFR;,10Y R,)". As for recursive SVARs,
the ordering of the variables is justified by the usual considerations regarding "slow mov-
ing" variables (those ordered before the federal funds rate) vs. "fast moving" ones (the
long term interest rate).

Recursive SVAR-WB: Identification scheme. The recursive structure in the
SVAR-WB is implemented by specifying C and Q lower triangular. More precisely, C
and Q in eq. (6) are given by

UiNDCONS

DCONS
Uy
U{NVEST

S
~+~
EE O

* K X X X X
* Kk X X X
* X X

* %

Q ¥ ¥ ¥ %

lihood. Thus, all LR tests discussed throughout the paper should be interpreted as ‘quasi’-LR tests.
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x 1(t>Tg) eGP

X X X X X X X
* X X X X *
* K X X X

* X X

* %X

Q % % % *

where asterisks (‘¢’) denote unrestricted coefficients, empty entries correspond to zeros
and the interpretation of the reduced form disturbances u} and structural shocks e}, x =
{NDCONS, DCONS, INVEST, GDP, INFL, FFR, 10Y R} is straightforward.
This specification allows the structural parameters to change across the two volatility
regimes without changing the triangular - Cholesky-type - structure underlying the
mapping from the structural shocks to the reduced form disturbances.

The upper panel of Table 1 reports the ML estimates of the matrices C and Q
under the scheme in eq. (14). The associated IRFs to a monetary policy shock (see
eq.s (12)-(13) for their population counterpart), along with 95% confidence bands, are
plotted in Figure 1. Our impulse responses are rescaled to represent the macroeconomic
effects of a policy shock of a 25 basis point-magnitude.!?

Recursive SVAR-WB: Results. The top-panels of Figure 1 depict the macro-
economic reactions to a monetary policy shock conditional on the pre-1984 period. An
unexpected increase in the short-term policy rate trigger conventional macroeconomic
reactions (see, e.g., Christiano, Eichenbaum, and Evans, 1999, 2005). In particular, all
real aggregates react negatively, persistently, and significantly to such a monetary pol-
icy tightening. The reaction of durable spending comoves positively with non-durable
spending, but with a much larger sensitivity with respect to the latter, a result in line
with some recent evidence by Erceg and Levin (2006), Barsky, House, and Kimball
(2007), and Monacelli (2009). Investments comove with consumption and real GDP,
with a sensitivity much larger than that of non-durable consumption and GDP, and
slightly larger than, but very similar to, the one of durable spending. The recessionary

effects of a monetary policy tightening are associated to a persistent and significant

12This choice implies that the differences in the contemporanous responses between regimes in all
scenarios (recursive, non recursive) have to be assigned to the different impulse vectors only, i.e., no
role is played by the different standard deviations of the monetary policy shocks.
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deflationary phase. This follows a positive (although insignificant) short-run responses
of the price level, a regularity called ‘price puzzle’ in the VAR literature (Eichenbaum,
1992). Finally, the long-term interest rate comoves positively with the short-term policy
rate, it shows an on-impact positive and significant reaction, and a persistent decline
towards its steady state value, which is reached after some quarters.

Interestingly, the post-break dynamics suggested by our recursive SVAR-WB are not
as clear cut. The reactions of consumption and GDP are very imprecisely estimated,
and statistically in line with flat responses. Differently, the dynamics of investments
are still significant, but surrounded by a much larger uncertainty than in the pre-break
scenario. The reaction of inflation shows no sign of the ‘price puzzle’, which appears to
be, if anything, an evidence related to the inflationary events occurred in the 1970s, as
also documented by a variety of authors (Hanson (2004), Boivin and Giannoni (2006),
Castelnuovo and Surico (2010), Boivin, Kiley, and Mishkin (2010)). The response of
the long-term rate, while still being positive and significant, turns out to be somewhat
different as for its dynamics, and it is also imprecisely estimated.

Comparison with fixed coefficient-SVARs: Confidence bands. To appreci-
ate the costs related to using the fixed-coefficient SVAR for modeling our data, Figure
2 superimposes our 95% confidence intervals (already shown in Figure 1) to the 95% in-
tervals obtained by estimating a Cholesky-SVAR with fixed-coefficients over the period
1960Q1-2008Q2. Interestingly, the top panels in Figure 2 reveals that the pre-break
period is clearly dominant in terms of estimated macroeconomic dynamics in reaction
to a policy shock, i.e., the contribution of the post-1984 observations is quite marginal.
In particular, the indications coming from the fixed-coefficient SVAR are basically the
same as those arising from our methodology conditional on the pre-break sample, the
only exception being the precision of the estimated response of the long-term rate,
which is much larger when our methodology is employed. In contrast, the post-1984 re-
sponses are markedly different from a statistical standpoint from those suggested by the
fixed-coefficient full-sample SVAR. Hence, SVARs estimated over the post-WWII period
tend to report macroeconomic responses to a monetary policy shock which are clearly
driven by the dynamics of the pre-1980s and are not necessarily representative of the
dynamics of the Great Moderation period. The superimposition of impulse responses
estimated with fixed-coefficient SVARs in two different samples (1960Q1-1983Q4 vs.
1960Q1-2008Q2) supports this statement (evidence available upon request).

We have established the empirical differences between a fixed-coefficient SVAR ap-

proach and our recursive SVAR-WB. Are these differences relevant from an economic
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policy standpoint? It is often the case that mean reactions are considered as a reference
for calibration exercises. A frequent application in macroeconomics is the estimation
of new-Keynesian DSGE models of the business cycle by the impulse response func-
tion matching approach, which is a limited information approach that minimizes the
distance between sample and DSGE model generated impulse responses (for a formal
presentation, see Canova (2007)). Would this approach deliver different point estimates
for the structural models of interest? To answer this question, we move to the analysis
of our mean responses.

Comparison with fixed coefficient-SVARs: Mean responses. Figure 3 plots
the IRFs arising from the fixed-coefficient SVAR vs. ours. Perhaps not surprisingly
in light of our discussion above, two considerations are in order. First, the reactions
predicted by the fixed-coefficient SVAR and by our SVAR-WB conditional on the pre-
1984 observations are extremely similar for the first two years, and clearly comove
afterwords. Second, they differ from our responses conditional on the post-1984, and
substantially so from a quantitative standpoint for most of our variables. The response
of non durable consumption is much milder (basically halved) in most of the first eight
quarters. The reaction of investments is differently shaped in the short-run, with an
opposite concavity with respect to the one predicted by the fixed-coefficient SVAR. The
dynamics of the gross domestic product are very different in the first ten quarters, with
a much milder influence by monetary policy shocks on the business cycle with respect
to the one during the great inflation phase. The short-run reaction of inflation is quite
different not only in terms of magnitude, but also in terms of sign. Both the fixed-
coefficient SVAR and our pre-1984 SVAR-WB suggest a positive response of inflation.
Viceversa, Great Moderation data point to a standard deflationary effect of unexpected
policy tightenings. Finally, the difference in terms of concavity is evident when looking
at our estimated responses of the long-term interest rate.

Implications for the calibration of DSGE models: Some conjectures. Can
these differences lead to different calibrations of macroeconomic models employed to
conduct policy analysis? Some contributions in the literature suggest a positive an-
swer. Boivin and Giannoni (2006) estimate the structural parameters of a small-scale
new-Keynesian recursive DSGE model by matching its impulse responses to a mone-
tary policy shock to those predicted by a trivariate recursive SVAR modeling output,
inflation, and the federal funds rate. The SVAR is estimated over the Great Inflation
and the Great Moderation subsamples (the break-date they select is 1979Q2). Notably,

the impulse responses they get are quite similar to ours as for the variables in com-
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mon. Their estimation of their DSGE model provides evidence in favor of instabilities
in the policy parameters responsible for the systematic reaction of the Federal Reserve
to movements in inflation and output. Moreover, they detect breaks in the parameters
regarding the behavior of the private sector. Counterfactual simulations conditional on
such different estimates of their structural parameters lead them to conclude that the
systematic component of the U.S. monetary policy may have stabilized the economy
more effectively during the Great Moderation. Boivin and Giannoni’s (2006) results
suggest that punctual differences in the estimated macroeconomic reactions to policy
shocks may lead to different descriptions of the U.S. economy in the 1970s as opposed
to the Great Moderation.!?

Our results suggest that some of the estimations obtained via impulse response
function matching by an auxiliary SVAR model taken over the entire post-WWII pe-
riod might be valid for the Great Inflation period only. For instance, the structural
interpretation of the ‘price puzzle’ has been offered empirical support by Christiano,
Eichenbaum, and Evans (2005), who work with a recursive DSGE model with working
capital. In such a model, the short-term interest rate is part of firms’ marginal costs
due to firms’ need to borrow money from the banking system to pay workers before the
goods market opens. Hence, due to an unexpected policy tightening, firms’ marginal
costs increase, so inducing entrepreneurs to adjust prices upward. If this ’cost-channel’
is stronger than the standard demand channel, inflation may very well go up in response
to a monetary policy shock. Christiano et al.’s (2005) model replicates this short-run
correlation. In light of our results, however, such correlation is likely to be time-varying.
This is important for two reasons. First, because of the relevance of the cost channel for
the design of optimal monetary policy (Ravenna and Walsh (2006)). Second, because of
the number of structural parameters in medium-scale models & la Christiano, Eichen-
baum, and Evans (2005) whose calibration is affected by such short-run correlation.
Rabanal (2007) documents the role empirically played by staggered wage setting, wage
indexation, and variable capital utilization, along with firms’ borrowing constraints, in

replicating the VAR inflation-policy rate short-run positive correlation in Christiano et

I3Blanchard and Riggi (2013) perform a similar exercise with a model in which oil price shocks play a
meaningful role as for the dynamics of inflation and output and, consequently, monetary policy. They
find instabilities in the macroeconomic reactions to oil price shocks estimated by VARs conditional
on great inflation vs. great moderation data. A calibration exercise of their structural DSGE model
based on impulse response-matching points to clear gains in the Federal Reserve’s credibility with the
advent of Paul Volcker as the Federal Reserve’s chairman. Again, we take this evidence as supportive
of the role played by instabilities in VAR responses in guiding the calibration of state-of-the-art DSGE
models.
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al.’s (2005) framework. Tillmann (2009) finds the cost-channel to be more relevant in
the pre-Volcker era than during the Volcker-Greenspan regime. Our evidence suggests
that the relative strength of the cost-channel in transmitting the effects of a monetary
policy shock to inflation may very well be time-varying. An empirical exercise dealing
with the estimation of a DSGE model of the business cycle via the impulse response

matching approach is proposed in Section 4.

3.3 Non-recursive approach

Are the results obtained so far identification scheme-dependent? To answer this ques-
tion, we move to the alternative identification scheme, i.e., the non-recursive SVAR-WB.

Non-recursive SVAR-WB: Identification scheme. We work with a ’full’ C
matrix and a diagonal Q matrix in eq.s (2)-(9). As a consequence, all shocks hitting
the modeled economy are allowed to affect all variables of the VAR system contempora-
neously. This is an interesting case for macroeconomists, in that the matrix regulating
the contemporaneous relationships among the variables in the vector allows all shocks
to move all variables with no lag. As anticipated in the Introduction, this is a common
assumption in the DSGE literature, which focuses on microfounded structural model
whose parameters are structural and that can therefore be meaningfully employed to
conduct policy-relevant exercises. We remark that the ‘full’ specification for C is un-
feasible (unidentified) in the context of fixed-parameters SVARs.

We specify the restrictions on C and Q such that eq. (6) collapses to

(

uiVDCONS kook o ok ok ok ok Xk
UtDCONS ok kox o ok ok ok
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Given the break in the covariance matrix, in our setup the Q matrix must be different
from zero, implying a break on the simultaneous coefficients too. In particular, we
allow for variations in the instantaneous impact of e} on uf as implied by the diagonal
structure of the Q matrix in eq. (15). This structure allows us to keep a ‘full’ structure
for the C matrix while satisfying the identification condition in eq. (10). Moreover, the
non-zero diagonal elements on the @ matrix enable us to capture variations possibly
occurring at the structural shock-level. The lower panel of Table 1 reports the ML
estimates of the matrices C and Q under the non-recursive scheme in eq. (15).

Non-recursive vs. recursive SVARs WB: Confidence bands, comparisons.
Figure 4 overimposes the IRFs obtained with our non-recursive identification scheme
to the IRFs implied by the recursive SVAR-WB already shown in Figure 1, having
defined the monetary policy shocks as in Section 3.2. The top panels, focusing on
the pre-break period, show a surprisingly similarity between the dynamics predicted
by the Cholesky-type responses and those produced with our non-recursive scheme in
terms of signs, magnitudes, persistence, and precision of the estimates. As a matter of
fact, this result suggests that the zero-restrictions implied by the recursive scheme do
not necessarily have relevant consequences as for the dynamics of the economic system
during the first sub-sample. In fact, when allowing for non-zero on impact responses by
all variables, such responses are close to zero as for our four real variables. Differently,
inflation and the two nominal rates react positively and significantly in the short-run.
Again, such positive responses do not imply different estimated dynamics with respect
to those predicted by the estimated recursive SVAR-WB. Hence, even if not from a
strictly statistical standpoint, our results are overall supportive as for the restrictions
imposed by the recursive identification scheme over the Great Inflation period.

A very different picture emerges when moving to the after-1984 estimated dynam-
ics. First, our non-recursive SVAR-WB predicts negative and significant reactions of

all our four real variables. Second, inflation responds negatively on impact. Third,
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the long-term interest rate reacts negatively and persistently. Fourth, the uncertainty
surrounding our dynamic responses in the post-1984 sample is larger than the one af-
fecting the responses conditional on the Great Inflation sample. This may be due to
a more uncertain on-impact reaction, which is dynamically propagated via the lagged
coefficients of our VARSs, or to more uncertain estimates of the VAR coefficients, or
both. Most importantly, compared to the recursive case, our non-recursive SVAR-WB
suggests that policy shocks had real effects also during the Great Moderation, induced
a deflation and a negative reaction of the long-term interest rate during the Great Mod-
eration. Our results suggest that the choice of the identification scheme is quite relevant
as for post-1984 U.S. macroeconomic data.

Non-recursive vs. recursive SVARs WB: Mean responses, comparisons.
Figure 5 plots the point estimates of our IRFs. Not surprisingly (in light of the in-
formation carried by Figure 4), the dynamics of the 1960s and 1970s in response to
a policy shock appear to be almost identically described by our recursive vs. non-
recursive identification schemes. Quite a different picture emerges when analyzing the
Great Moderation. Our non-recursive scheme predicts a more severe recession (even
when discarding the on-impact responses, the area below the zero lines is clearly much
wider conditional on our non-recursive SVAR-WB as for the four real variables under
investigation). Also the deflationary phase is estimated to be deeper. The federal funds
rate does not follow a hump-shaped path in going back to its long-run equilibrium value.
Instead, it drops quickly, ‘overshoots’ its steady state level, and takes negative values for
a few quarters before going back to its steady state. As already pointed out, probably
the most striking difference concerns the long-term interest rate, which reacts nega-
tively according to our non-recursive SVAR-WB. This finding is in line with Bagliano
and Favero (1998), who also exploit a non-recursive scheme to identify a monetary pol-
icy shock in their macro-financial VAR and find the reaction of the long-term bill rate
to be negative and significant in the 1980s and 1990s. Possibly, this result is related to
the gained credibility by the Federal Reserve since the advent of Paul Volker as Chair
of the Board of Governors of the Federal Reserve System, which has also been followed
by an increase in the evolution of the communication pursued by the Federal Reserve
which is likely to have improved the ability to manage long-term inflation expectations
(for a review on the role of communication in managing inflation expectations, see Eng-
lish, Lopez-Salido, and Tetlow (2013)). Intriguingly, this suggests that the recession
predicted by our model should not necessarily be imputed to the larger costs paid by

households and entrepreneurs when borrowing long-term.
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3.4 Plausibility of our non-recursive identification scheme: A
discussion

A discussion on the monetary policy shocks identified with our agnostic non-recursive
identification procedure is in order. Our methodology does not impose any zero-
restrictions to identify monetary policy shocks. Monetary policy shocks are often iden-
tified in VAR analysis by assuming that they do not exert an immediate impact on
quantities as well as prices. Differently, demand and supply shocks are allowed to have
an immediate impact on the policy instrument, typically a short-term interest rate.
Restrictions of this type have been popularized by, among others, Christiano, Eichen-
baum, and Evans (1999, 2005). Admittedly, if variables like consumption, investment,
output, and inflation are genuinely "slow-moving" and react to monetary policy shocks
with a delay up to a quarter, missing the imposition of such zero-restrictions may result
in a lack of relevant information in our non-recursive identification scheme. However,
we note that the zero-restrictions imposing a lag in the response of macroeconomic
aggregates are not undisputed in the literature. In fact, they are not consistent with
micro-founded models relying on standard assumptions on the timing of the forma-
tion of rational expectations, which allows immediate effects of monetary policy shocks
on the components of aggregate demand and inflation (see, e.g., Smets and Wouters
(2007), Gali (2008)). Moreover, as anticipated in our Introduction, recent contributions
have found support for an immediate response of output and inflation to monetary pol-
icy shocks (see, Del Negro, Schorfheide, Smets, and Wouters (2007) as for output, and
Faust, Swanson, and Wright (2004) as regards inflation, Normandin and Phaneuf (2004)
as for both aggregates). Moreover, interest rates other than the federal funds rate are
likely to react to monetary policy shocks within a quarter (Bagliano and Favero (1998),
Gertler and Karadi (2014)). Hence, it seems of interest to work with identification
schemes alternative to the recursive one, which is what we do it this paper.

It is important to check the sensibility of our estimates of the monetary policy
shocks. Figure 6 contrasts our estimates of the policy shocks conditional on our non-
recursive model with four alternative measures of policy shocks, i.e., the one obtained
with our recursive framework admitting a break, the one obtained with a standard
recursive SVAR a la Christiano et al. (1999, 2005) which assumes no breaks in the
VAR coefficients, the monetary policy shocks estimated by Smets and Wouters (2007),
and a measure of policy shocks proposed by Romer and Romer (2004). Smets and

Wouters (2007) model monetary policy shocks as stochastic deviations from a Taylor
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rule in an estimated medium-scale micro-founded DSGE framework featuring a variety
of nominal and real frictions. Such framework has become a reference for researchers
in central banks and policy institutions. Romer and Romer (2004) identify policy
innovations in two steps. First, they use a narrative approach to identify changes in the
Federal Reserve’s target interest rate occurring during FOMC’s meetings. Then, they
regress this measure of policy changes on the Fed’s real-time forecasts of past, current,
and future inflation, output growth, and unemployment. In doing so, they isolate the
innovations of these policy changes that are orthogonal to the information set possessed
by the Federal Reserve, i.e., the monetary policy shocks.

A look at these five measures of policy shocks confirms that our methodology has
the potential to meaningfully isolate exogenous variations in the federal funds rate.
These five series clearly comove, with their local peaks typically anticipating recessions
or occurring in correspondence to economic downturns. The correlation between the
estimates of the policy shocks obtained with our non-recursive model and the recur-
sive one (both admitting a break in 1984Q1) reads 0.68, while that of the former with
the estimates provided by a fixed coefficient-recursive SVAR, the model by Smets and
Wouters (2007), and Romer and Romer’s (2004) approach reads 0.69, 0.49, and 0.33, re-
spectively. Granger-causality tests based on bivariate VARs modeling the policy shocks
estimated with our non-recursive identification scheme and, alternatively, one of the
other four measures of policy shocks clearly reject any anticipatory effects in any direc-
tion. Again, this is consistent with the fact that these measures of policy shocks, while
being quantitatively somewhat different, tend to comove and carry common informa-
tion regarding the exogenous variations of the federal funds rate in the post-WWII U.S.
period. We see this validation check as supportive for our non-recursive identification

proposal, at least as far as the identification of monetary policy shocks is concerned.

3.5 Recursive vs. non-recursive schemes: Comparison

A natural question at this point is: Which identification scheme should we trust more?
By construction, the likelihood of our estimated recursive and non-recursive SVARs-
WRB is the same. This is so because both SVARs-WB discussed in the previous Sections

are just-identified in absence of additional restrictions on C and Q.

14This aim of this Section is to show that the monetary policy shocks obtained with our methodology
appear to be sensible when contrasted with other, more conventional measure of policy innovations.
For a comparison of the different macroeconomic effects associated to monetary policy shocks identified
with a number of approaches recently pursued by the literature, see Coibion (2012).
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However, a closer inspection of the results in Table 1 reveals that not all estimated
coefficients in C and Q are significant. Thus, we consider ’constrained’ formulations
of the two SVARs-WB by setting the non-significant elements in C and CAQ to zero.
Then, we are in the condition of selecting the best fitting model, i.e., the constrained
model associated to the lower LR test (higher p-value). In other words, we use standard
LR tests for the zero over-identifying restrictions as a ‘metric’ to assess the estimated
recursive and non-recursive SVARs-WB.

The constrained versions of the two estimated SVARs-WB are reported in Table 1,
along with the corresponding LR tests. The LR test built on the restricted version of our
recursive SVAR-WB model vs. the baseline, unrestricted one returns a p-value of 0.07.
As for our non-recursive SVAR-WB model, the p-value associated to the likelihood-ratio
reads 0.93. The value of the likelihood function of the non-recursive SVAR-WB turns
out to be considerably larger than the one of the recursive SVAR-WB, i.e., 1550.25 as
for the former vs. 1540.12 as for the latter. While not representing decisive evidence,
these results suggest that the fit of our non-recursive SVAR-WB is at least as good as

the one associated to a more standard recursive model.

4 DSGE model estimation with IRF matching and
non-recursive VARs: An example

SVAR impulse responses to a monetary policy shock are often used to calibrate struc-
tural DSGE models of the business cycle (see, for instance, Rotemberg and Wood-
ford (1997), Christiano, Eichenbaum, and Evans (2005), Boivin and Giannoni (2006),
Altig, Christiano, Eichenbaum, and Lindé (2011)). While being somewhat prone to
identification-related issues (Canova and Sala (2009)), this procedure enables the macro-
econometrician to exploit the SVAR impulse responses to a given (set of) shock(s) to
calibrate the whole economic structure without having to make any reference to other
shocks, which are then left unmodeled. The underlying working hypothesis is that of
stable impulse responses to the identified shock. As previously shown, however, the
assumption of stability of the macroeconomic responses to a monetary policy shock in
the entire U.S. post-WWII history is questionable.

We investigate to what extent instabilities in the impulse responses to a monetary
policy shock identified with our SVAR-WB may translate into instabilities in the struc-
tural parameters of a small-scale DSGE model for the U.S. economy. We do so by

appealing to the non-recursive version of the estimated SVAR-WBs. As observed in
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our Introduction, most DSGE models of the business cycle feature (a) macroeconomic
shocks (other than monetary policy shocks) that may affect the nominal interest rate
without delays, and (b) no delays in the transmission of the monetary policy shock
to the economy. A few examples of models having these features include Clarida,
Gali, and Gertler (2000), Lubik and Schorfheide (2004), Smets and Wouters (2007),
Benati (2008), Canova (2009), Benati and Surico (2009), Christiano, Motto, and Ros-
tagno (2013). Importantly, our unrestricted non-recursive SVAR-WB features the same
contemporaneous structure as the determinate VAR solution implied by these mod-
els. Moreover, the statistical argument discussed in Section 3.5 lends support to our
non-recursive identification scheme. We then exploit the impulse responses obtained
with our non-recursive SVAR-WB (that accounts for the instabilities we found in the
responses to a monetary policy shock in the pre-1984 vs. post-1984 subsamples) to
calibrate a structural AD/AS model for the U.S. economy.

We consider a DSGE model featuring a cost-channel a la Ravenna and Walsh (2006).

The model reads as follows:

m = Bl Eimia + (1 =& )ma] + k(2 + aRy) + &f (16)
Ty = SwEtxtJrl + (1 — SI)ZL},1 — T(Rt — Et'/TtJrl) + Etx (17)
Ry = (1= ¢)(¢me + dp0) + & Ryq + 5% (18)

The new-Keynesian Phillips curve in eq. (16) suggests that current inflation
evolves as a function of expected and past inflation, the output gap x;, the nominal
interest rate R;, and a ‘supply-shock’ €]. The relevance of expected inflation, as opposed
to past inflation, is regulated by the parameter £ _. Under the restriction a = 0, the
slope of the Phillips curve is identified by the parameter k. The presence of the policy
rate in the Phillips curve has recently been microfounded by Christiano, Eichenbaum,
and Evans (2005) and Ravenna and Walsh (2006). They assume that a share of firms
in a given economy may need to borrow resources to pay workers’ wages before the
final goods market opens. Hence, the policy rate enters these firms’ marginal costs as
a proxy of the interest rate paid on their loans. In eq. (16), this occurs when o > 0.
Christiano, Eichenbaum, and Evans (2005) and Ravenna and Walsh (2006) interpret
a as the share of firms acceding the financial markets, an interpretation which puts a

unitary bound on the economically meaningful value of a. An alternative interpretation
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refers to the pass-through from the policy decisions to the interest rate R! = aR; charged
by commercial banks on loans to the private sector, with « possibly larger than one
(Chowdhury, Hoffmann, and Schabert (2006)). This interpretation leaves the data more
‘free’ to speak as for the value of o (admittedly, at the cost of giving such parameter a
reduced-form flavor).

Moving to the dynamic IS equation (17), the evolution of the output gap z; is dic-
tated by its expected/past realizations, whose relevance for the current output gap is
regulated by the parameter ¢,, the ex-ante real interest rate R; — E;my1, whose role
is affected by the intertemporal elasticity of substitution 7, and the ‘demand shock’
ef. Finally, the policy rule (18) postulates a systematic reaction of the monetary pol-
icymakers to movements in inflation and the output gap respectively captured by the
parameters ¢, and ¢,. Such reaction is allowed to be smooth, the degree of interest
rate smoothing being ¢,. Movements of the interest rate can also be induced by mone-
tary policy shocks, here captured by the stochastic element ei. The distribution of the
random processes e/ ~ N(0, 03),j = (7, z,R).

The choice of considering a model with the cost-channel is motivated as follows.
The cost channel has been seen as a possible rationale for the ‘price puzzle’, i.e., the
positive short-run conditional correlation between inflation and short-term interest rates
often obtained by VAR analysis when simulating the effects of a monetary policy shock
(Barth and Ramey (2001), Chowdhury, Hoffmann, and Schabert (2006)). Ravenna
and Walsh (2006) show that the presence of the cost-channel in an otherwise standard
new-Keynesian framework may have important consequences for the optimal monetary
policy design. Our non-recursive VARs suggest that the ‘price puzzle’ evidence may
be conditional on observations coming from the 1970s, a finding in line with previous
contributions (Boivin and Giannoni (2006), Castelnuovo and Surico (2010)). It is then
of interest to understand to what extent this instability may have consequences for the
estimated strength of the cost-channel for the U.S. economy.

Our non-recursive SVAR-WB is estimated with seven observables. We focus on the
impulse responses of inflation, output, and the policy rate.!® The extra-information con-
tained in the SVAR-WB is valuable in this context, in that it is likely to augment the pre-
cision of the estimated monetary policy shocks.!¢ Let 0= (B, &y By O, &0y Ty Oy Dy D)

15 A common assumption is that monetary policy shocks are neutral in the long run, i.e., they exert
no effects on potential output. Therefore, the impulse response of output and the one of the output
gap are exactly the same.

16 A related exercise is conducted by Boivin and Giannoni (2006), who perform a robustness check
of their main results by estimating monetary policy shocks with a Factor-Augmented VAR.
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be the vector of structural parameters of the model (16)-(18). We fix four parameters
before estimation. As it is customary in the literature dealing with quarterly data, we
set the discount factor S = 0.99. After some experimentation, we verified that the pa-
rameters of the policy rule are somewhat difficult to estimate precisely, possibly due to
known identification issues affecting the impulse response function matching methodol-
ogy (see Canova and Sala (2009) for a formal presentation of this issue, and Christiano,
Eichenbaum, and Evans (2005) for a similar calibration choice in their indirect inference
exercise regarding their medium-scale DSGE model). Hence, we set the following values
for our policy parameters: ¢, = 2, ¢, = 0.1 and ¢, = 0.8. This calibration reflects
a variety of estimates in the literature (e.g,. Clarida, Gali, and Gertler (2000), Lubik
and Schorfheide (2004), Benati and Surico (2009)). The assumption of an aggressive
reaction to movements in inflation is justified by our willingness of avoiding the case of
multiple equilibria, which is more likely when the cost channel is present in the economic
system (Surico (2008)).17

The vector of parameters whose value is picked up by impulse response matching
is the following: 0 = (&, K, «,&,,7)". Let v(6) be the vector collecting the stacked set
of the impulse responses of inflation, output, and the policy rate to a monetary policy
shock (normalized so to induce a 25 basis point on-impact increase of the policy rate)
over the first 20 quarters after the shock.!® Let 7,, i = 1,2 be the set of impulse
responses estimated by our non-recursive SVAR-WB in the heteroskedasticity regime
i, where in our case ¢ = 1 corresponds to the 1960Q1-1983Q4 sample, and i = 2 to
the 1984Q1-2008Q2 sample. Referring to the notation used in eq.s (12)-(13), the vector
~,; is obtained by selecting, for i = 1,2, a proper set of elements from the estimated
matrices of IRFs fi,o, IA‘M, ey f‘iygg. The impulse response function matching estimator

of @ in the heteroskedasticity regime i is therefore given by

b= argmin Loss(9), Loss(0)=[7, — 7(0)] Wy, [7, — v(0) (19)

where VAVTJ- is a diagonal matrix with the sample variances of the estimated 4, along

17Clarida, Gali, and Gertler (2000) document an increase in the systematic reaction of U.S. poli-
cymakers to movements in inflation, and interpret the conquest of the U.S. inflation in light of such
increase. Similar evidence is provided by, among others, Lubik and Schorfheide (2004), Boivin and
Giannoni (2006), Benati and Surico (2009), and Castelnuovo and Fanelli (2013). Our approach focuses
on the instability of the parameters of the private sector, first and foremost the cost-channel parameter.
It should therefore be seen as complementary to those of the above mentioned studies.

80ur loss function, which hinges upon the information exclusively coming from scaled impulse
responses to a monetary policy shock, does not provide us with any information to identify the standard
deviations of the structural shocks of our DSGE model, which are then left unidentified.
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the main diagonal (see Christiano, Eichenbaum, and Evans (2005) and Canova (2007)).

Table 2 reports our estimates of € in the two regimes. The second column (first
column with estimated parameters) collects the estimated parameters for the pre-1984
period. The IS curve is found to be of hybrid form, i.e., past realizations of output
(weighted by 1—£,) contribute to explain the current stance of the output gap, possibly
due to habit formation in consumption (Furher (2000)). The point estimates of the
elasticity of intertemporal substitution 7 is 0.03, a value approximately in line with most
of the estimates in Fuhrer and Rudebusch (2004). The new-Keynesian Phillips curve is
also found to have a one lead-one lag structure (suggested by the point estimate éﬂ =
0.53), an evidence consistent with the idea that part of the U.S. inflation persistence
in the 1960s and 1970s might be attributed to price indexation (Benati (2008)). The
slope of the Phillips curve is found to be somewhat low. Interestingly, the cost-channel
parameter « is estimated to be around three, a value suggesting an upward pressure
exerted by the policy tightenings on firms’ marginal costs. Such large value of « is due
to the ‘price puzzle’ in our VAR impulse responses, which forces our DSGE model to
generate a positive short-run conditional correlation between inflation and the policy
rate.!?

Admittedly, the value of the cost-channel parameter is not estimated precisely. We
then re-estimate the model by imposing the constraint @ = 0. Some instabilities may
be detected in the estimated parameters, above all as for the intertemporal elasticity of
substitution and price indexation. More importantly, the ‘distance’ measure associated
to the constrained estimates, which refers to the departures of the DSGE model’s im-
pulse responses with respect to those of our auxiliary VARs, turns out to be larger than
the one associated to the unconstrained model. Moreover, and not surprisingly given
the transmission of the monetary policy shock in our model, the constrained framework
is incapable to replicate the VAR ‘price puzzle’.?’

A different picture emerges when moving to the 1984Q1-2008Q2 sample. First, the
persistence of output is estimated to be larger (the weight assigned to expected output
gap is lower). Second, the intertemporal elasticity of substitution is found to be three
times as large as the one of the pre-1984 sample. Third, past inflation is found to play

no role in explaining current inflation. Fourth, the slope of the Phillips curve is larger,

YRavenna and Walsh (2006) perform a battery of GMM estimations of their new-Keynesian Phillips
curve with the cost-channel. They also find values for « larger then one, though not statistically
different from one at standard confidence levels.

20The comparison between the impulse responses of our VARs vs. DSGE model, not shown for the
sake of brevity, is available upon request.
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and clearly significant. Fifth, the impact of the cost-channel on inflation dynamics is
quantified to be zero. This last finding makes it crystal clear how instabilities in the IRF
may importantly translate into instabilities in key-parameters of the structural model.

Our results suggest that the relevance of the cost-channel in the U.S. economic
framework is likely to be time-varying and larger in the pre-1984 phase. A similar
evidence in favor of a substantially reduced importance of the working capital require-
ments for inflation is provided by Barth and Ramey (2001) and Tillmann (2009), who
interpret it as the consequence of financial innovations and deregulation occurred at the
beginning of the 1980s. In light of the different trade-offs a central bank is called to face
conditional on a different relative importance of the cost channel with respect to the
standard demand channel, this result provides valuable information on how to assess
optimal monetary policy in the U.S. during the Great Inflation vs. the Great Mod-
eration (Ravenna and Walsh (2006)). Importantly, the instability of the cost-channel

parameter suggests that optimal monetary policy may very well be time-dependent.

5 Relation to the methodological literature

The approach used in this paper is related to some recent works by Normandin and
Phaneuf (2004), Lanne and Liitkepohl (2008, 2010) and Lanne, Liitkepohl, and Ma-
ciejowska (2010) on the identification of SVARs subject to different volatility regimes
and, more generally, to the contributions of Rigobon and Sack (2003, 2004). Similarly
to these authors, we exploit the presence of breaks in the VAR covariance matrix to
identify the structural shocks. Differently from these authors, however, we remove the
assumption that structural breaks affect only the error covariance matrix and leave the
impulse vectors unchanged.?! In our setup, a change in the VAR covariance matrix is
automatically associated with a change in the structural parameters, hence the identi-
fication analysis of the macroeconomic effects of monetary policy shocks involves a mix
of volatility-driven and theory-driven restrictions. The SVAR-WB approach does not
identify one structural model but different structural models in different heteroskedas-
ticity regimes. Hence, unlike the above mentioned contributions, we allow the patterns
of IRF's to differ across regimes. Moreover, our SVAR-WB is designed to deal with a few

structural breaks that are best thought of as permanent and not as stochastically recur-

21Uhlig (2005) terms ’impulse vector’ the column vector of the matrix of the contemporaneous
relationships among the variables of the VAR which captures the on impact response of such variables
to an identified structural shock.
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ring (reversible) events. Differently, Lanne, Liitkepohl, and Maciejowska (2010) model
the changes in the error covariance matrix through an underlying Markov switching
process. Our SVAR-WB does not belong to the class of ‘fully’ time-varying VARs re-
cently employed to model the evolution of the correlation among macroeconomic U.S.
variables by Cogley and Sargent (2005a), Cogley and Sargent (2005b), Primiceri (2005),
Sims and Zha (2006), and Canova, Gambetti, and Pappa (2008), among others. With
respect to these authors, we use identification schemes that allow for non-recursive
contemporaneous relationships.??

Our methodology enriches the set of available strategies to identify a monetary pol-
icy shock without appealing to a recursive scheme. An agnostic identification procedure
consistent with a full impulse vector as for monetary policy shocks is represented by
sign restrictions. Faust (1998), Canova and de Nicol6 (2002) and Uhlig (2005) (among
others) show how to deal with a set of restrictions imposed on moments generated by
the estimated VAR (correlations, impulse responses) to identify a structural shock of in-
terest. Sign restrictions have been shown to be quite powerful to discriminating among
competing classes of structural models (Canova and Paustian (2011)) and identify the
effects of structural shocks in general. However, the distinction between model uncer-
tainty and parameter uncertainty has to be carefully drawn when computing dynamic
responses to identified shocks (Fry and Pagan (2011)). Romer and Romer (2004) iden-
tify monetary policy shocks in a model-free fashion by performing a careful reading of
the minutes reporting the discussions and monetary policy decisions by the FOMC. Af-
ter identifying the series of the changes in the policy rate, they regress such series over
a set of macroeconomic forecasts readily available to policymakers, therefore purging
the identified series from the component systematically reacting to economic conditions.
Kliem and Kriwoluzky (2013) employ the shocks identified by Romer and Romer (2004)
as instruments in a "proxy-VAR" approach a la Stock and Watson (2012). A similar
approach is pursued by Gertler and Karadi (2014), who identify policy shocks which
include shocks to forward guidance by appealing to high-frequency data on policy sur-
prises on interest rates. Faust, Swanson, and Wright (2004) use the prices of federal
funds future to identify monetary policy shocks. Del Negro and Schorfheide (2004) and
Del Negro, Schorfheide, Smets, and Wouters (2007) employ structural, non-recursive
DSGE models to form priors for the estimation of Bayesian VARs. Our approach is

complementary to those listed above, in that it requires the econometrician neither to

22For a recent paper dealing with overidentified, non-recursive, time-varying coefficients SVARs, see
Canova and Forero (2012).

27



specify a set of restrictions or moments to be met for the identification of the shock
to be in place, nor an auxiliary DSGE model, nor to undertake the reading and inter-
pretation of minutes revealing information on policy decisions. Differently, it lets the
data speak (conditional on some choices on the short-run relationships, performed in a
quite flexible context) on the impulse vectors of interest. Moreover, it naturally deals
with structural breaks, something that these alternative identification schemes are not
necessarily designed to deal with. Admittedly, given the agnostic flavor of our approach,
this may come at the cost of confounding the effects of a monetary policy shock with
those of a different structural shock. As shown in Section 3.4, however, the measure of
monetary policy shocks obtained with our SVARs-WB turns out to be quite correlated
with other measures present in the literature (among others, Romer and Romer’s (2004)
and Smets and Wouters’ (2007)). At the very least, our IRFs offer a documentation
of conditional responses of the U.S. economy to a shock which is consistent with an

exogenous movement of the federal funds rate orthogonal to the rest of the system.

6 Conclusions

We have shown how to identify structural shocks in non-recursive Structural Vector
Autoregressions (SVARs) featuring instabilities in the covariance matrix of the residuals
and in the coefficients of the matrix responsible for the contemporaneous relationships
of the modeled variables, denoted with SVAR-WB. After presenting our methodology
in detail, we have exploited it to identify the effects of monetary policy shocks in the
U.S. economy using post-WWII quarterly data. We have shown that a non-recursive
SVAR-WB implies impulse responses very similar to those coming from a standard
Cholesky-type recursive SVAR when pre-1984 data are considered. Differently, non-
recursive vs. recursive schemes tell different stories on the dynamics occurred during
the Great Moderation. We have provided statistical support in favor of non-recursive
schemes, which are consistent with the SVAR representation of the large majority of
the DSGE models employed by central banks and academic scholars to perform their
empirical analysis. Then, we have estimated a structural model of the business cycle
featuring the cost channel via impulse response function matching by appealing to the
responses associated to our non-recursive SVARs. Our results show that instabilities in
the impulse responses to a monetary policy shock may have clear consequences for model
calibration exercises. In particular, we have found the relevance of the cost-channel to

be much larger in the 1970s than during the Great Moderation, a result possibly related
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to the financial liberalization that took place in the U.S. in the late 1970s/early 1980s.
In light of the policy relevance of the relative importance of demand vs. supply channels
of the transmission of policy shocks (Ravenna and Walsh (2006)), our results suggest
that instabilities in SVAR impulse responses may be taken as a signal of the possible
time-dependence of optimal policy design.

Our effort lines up with previous contributions by Rigobon and Sack (2003, 2004),
Normandin and Phaneuf (2004), Lanne and Liitkepohl (2008, 2010), and Lanne, Liitke-
pohl, and Maciejowska (2010) in showing that instabilities may represent relevant
sources of information to identify structural shocks. Our analysis adds to the above
mentioned contributions the idea that the transmission mechanism of the shocks may
change across volatility regimes. Hence, also the parameters relating the reduced form
disturbances and structural shocks may change. As stressed above, the detection of
such instabilities is likely to be informative to calibrate models constructed for policy
design. We see the identification of shocks and time-dependent macroeconomic reac-
tions to such shocks due to breaks as a promising and policy-relevant avenue for future

research.

29



7 Appendix: Proof of Proposition 1

We define the vectors a = (vec(C),vec(Q)') and v = (v/,q'), and the n(n + 1)-
dimensional vector o = (0’,,,0",)", where o1 = vech(X,1), 042 = vech(Z,2)
and vech(-) is the column-stacking operator which selects only the diagonal and lower
triangle elements of a symmetric matrix. The mapping between the reduced form and

the structural parameters in eq.s (7)-(8) can be written in the form

oy = wvech(CC')
o2 = vech[(C+ Q)(C+ Q).

The condition o1 # 045 (X,1 # Xy2) implies Q # 0,,x,,. Then, following Rothenberg
(1971), necessary and sufficient condition for local identification is that the n(n + 1) x
(ac + ag) Jacobian matrix % has full column-rank evaluated at vy = (7;,4qp)’. By

the chain rule we have
do’  do’ O«

X
ov  Jdal  Ov
where in particular
% oo do
ao.-l- _ Bvecz_le)’ 6vec?Q1)’ a_a:S: SC SI (20)
o’ af;?czy af;{c;)' oV 0n2xac Sq )
n(n+1)x2n? 2n?x(ac+aq)

By using the properties of the matrices K,, N, and D, (Magnus and Neudecker

*

(2007)) and applying standard derivative rules, the four blocks of the matrix %‘;T on

the left of eq. (20) are given by:

doyy _ Qvech(CC') _, dvec(CC)
dvec(C)  Ovec(C) ™ Ovec(C)

=2 D/N,(C®1,)=2 D} (C®I,);

80’+1 . .
dvec(Q)' gn(n+1)xn?;
0oy Ouech[(CC'+ CQ + QC'+ QQ]  dvech(CC') 8vech(CQ’)+avech(QC’)
Ovec(C) dvec(C) ~ Ovec(C) Jvec(C) dvec(C)’
=2D/(C®I,)+D}(Q®I,)+D!(I,2QK, =2D/(C®I,)+2D/(Q®1,);
doy  Ovech[(CC'+ CQ + QC' + QQ
dvec(Q) Jvec(Q)’

=2D;(C®1,)+2D,(Q®1,).
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The Jacobian is therefore given by

aa’i _ 2 D:L_<C ® In) O%n(nJrl)Xn2
ovv ~ \2D/(C®I,) +2D}(Q®I,) 2D/(C®I,) +2D}(Q®1I,)
— 9 DTJLF O%n(n+1)><n2 ( cColI, 0,2 p2 ) ( Sc Sy )
O%n(nJrl)Xn2 D: (C+ Q)®In (C+ Q)®In 0n2><ac SQ

n(n+1)x2n? 2n2x2n?2 2n2x(ac+aq)

Col, On2.x2 So S
. + neXxXn
_2<I”®D”)(<C+Q>®1n (C+Q)®1n>(0n2xac SQ>’

Aside from the multiplicative scalar 2, the n(n+1) x (ac + ag) matrix above, evaluated
at the point vy = (75, q))’ (Co and Q) is the same as the matrix in eq. (10). The

necessary order condition is obviously given by the condition (ac +ag) <n(n+1).1
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Unconstrained recursive SVAR-WB

c Q
0.40 0 0 0 0 0 0 -0.10 0 0 0 0 0 0
0.94 1.98 0 0 0 0 0 -0.85 -0.31 0 0 0 0 0
0.46 0.82 1.37 0 0 0 0 -0.21 -0.51 -0.47 0 0 0 0
0.35 0.34 0.10 0.45 0 0 0 -0.11  -0.23 0.09 -0.20 0 0 0
-0.08 0.02 0.04 -0.04 0.23 0 0 0.04 -0.05 -0.05 0.03 -0.09 0 0
0.03 0.02 0.04 -0.06 0.02 0.20 0 -0.02 -0.03 -0.03 0.08 -0.01 -0.13 0
0.03 0.01 0.03 -0.01 -0.01 0.05 o0.07 -0.01 0.00 -0.02 0.03 0.03 -0.03 -0.01
log-lik = 1556.80
Constrained recursive SVAR-WB
c Q
0.39 0 0 0 0 0 0 -0.07 0 0 0 0 0 0
0.78 1.84 0 0 0 0 0 -0.59 0 0 0 0 0 0
0.32 0.76 1.38 0 0 0 0 0 -0.45 -0.49 0 0 0 0
0.28 0.33 0.17 0.45 0 0 0 0 -0.20 0 -0.20 0 0 0
-0.05 0 0 0 0.23 0 0 0 -0.03 0 0 -0.09 0 0
0.01 0 0 -0.03 0.02 0.20 0 0 0 0 0.06 0 -0.13 0
0.02 0 0.02 0 0 0.05 0.06 0 0 0 0.01 0.03 -0.03 0
log-lik = 1540.12 LR test: x (23) = 33.36 p-value=0.08
Unconstrained non-recursive SVAR-WB
c Q
0.27 0.11 0.00 0.05 -0.17 0.04 -0.21 -0.31 0 0 0 0 0 0
0.16 1.67 0.33 1.02 0.31 0.60 -0.58 0 -2.61 0 0 0 0 0
0.29 0.43 1.46 0.36 0.24 0.20 -0.27 0 0 -0.82 0 0 0 0
0.14 0.09 0.12 0.52 0.05 0.04 -0.36 0 0 0 -0.52 0 0 0
0.08 -0.03 0.00 -0.06 0.21 0.05 0.07 0 0 0 0 -0.27 0 0
0.00 -0.02 0.05 -0.03 -0.02 0.20 -0.02 0 0 0 0 0 -0.22 0
-0.01 0.00 0.04 -0.04 0.00 0.04 -0.07 0 0 0 0 0 0 0.04
log-lik = 1556.80
Constrained non-recursive SVAR-WB
c Q
0.32 0.17 0 0 -0.10 0 -0.13 -0.10 0 0 0 0 0 0
0 1.39 0.53 1.33 0 0.32 -0.69 0 -1.80 0 0 0 0 0
0 0.37 1.34 0 0.34 0 -0.64 0 0 -0.71 0 0 0 0
0.27 0 0.23 0.46 0 0 -0.27 0 0 0 -0.53 0 0 0
0 0 0 0 0.21 0.10 0.09 0 0 0 0 -0.15 0 0
0 0 0.04 -0.03 -0.04 0.20 0 0 0 0 0 0 -0.16 0
0 0 0 -0.02 0 0.05 -0.07 0 0 0 0 0 0 0.03
log-lik = 1550.25 LR test: x (22) =13.10 p-value=0.94

Table 1: Estimated parameters for the recursive and non-recursive SVAR-
WB, T = 1984Q1. Estimated values obtained via (Full Information) ML. Significant
coefficients at 10% critical level are reported in bold.

37



"9jel [[I AInseol] -I1eoA ()T ‘9jel spunj [eiopej ‘uorjepyut ‘pds
‘quatseAul ‘uorduwnsuod spqrinp ‘uondwnsuod siqriInp UON YA O} Ul S9[(RLIRA 9} JO SULIOPI() "SWLYDS UOIIRIYIJUSPI
-AY[Se[oY) ® M PaYIuapl Yoys Ao1jod AIR)QUON ‘[RAISIUI SOUSPYUO0D JUad Idd-GG :SeaIe-poperq ‘Sojew)sy Julod :Soul]
YOR[Q-POYSe(] ‘UOIJRISPOIA] JeaIr) SNSIOA UOIJePU] jealr) :suorjouny asuodsaa oasndw] ‘GA-HVAS :] oIn3Ig

oz Ol oz Ol oz Ol oz Ol oz Ol oz Ol oz Ol
_ _ 20 p _ GO _ _ _ _ _ _ _ _ _
.Vl ©| .Vl
c 4 v Z W
L AV - - B
e v e b\ | Q
o | " n ¢ ° c L \
0 . 0o S
0 o
L oo
8
z - 2 z
G0 % % % %
HAOL 44 14N ddas» 1S3ANI SNODOd SNODAN
oz Ol 0z Ol oz ol oz Ol oz Ol oz Ol oz Ol
- 9- - -
- 2
Nl Nl w
e\ _| 2
0 Y \ 3 W‘wo ﬂlOr
0 oo
3
»
2 - z &
% % % %

HAOL d4d4d “1d4NI ddo 1S3ANI SNOOd SNOOAdN

38



"9RI [ AInseoq]-IeoA ()T ‘@Rl Spunj [etopoy ‘uonegul ‘pds ‘yuourjsesur ‘uordwmnsuod
o[qeinp ‘uonrydwmsuod s[qeInp UON Y YA 92 Ul SS[(RLIRA ([} JO SULIOPI() "OWLYDS UOIIRIYIIUIPI-ANSO[OT) © [IIM POYIIUOPI
yooys Adorjod Arejouoly TOFRET :yutod-yeeiq ‘yorordde gAA-HYAS INO UO [RUOIIIPUOD S[RAISIUI 3DUPYUOD Juad Iod-Ga
:seare-popeys ‘yorordde YyA JUSIDIIR0d-Poxy ‘O[dures-[[n} € [im Pauleqo S[RAIIUIL 90USPYU0D Juad Iad GG :Soull pajjop
-ysep poy ‘sosuodsay asinduu] gAM-HVAS SA HVAS JUSIOIPO0d-paxI :suorjouny asuodsaa asindwiy :g 2Insig

0oc Ol
.VI
©
z- R
Q
R
o
o
(0e)
[®)
AR
1% 1% 1%
1S3IANI SNOOJd SNOOAdN
0oc Ol oc Ol 0oc Ol
O- - -
A °
0" - O
\s \ s z- -
- ‘ Y 4 Fa O
P /2N & Lo -
0~ " ~l O %O Flnvr
O & 8
O U4 wW
4 o’ m
> c c
14 14 14

dHAOL d4d4d 1d4NI ddo 1S3ANI SNOOd SNOOAdN

39



ORI [ AINSROIT -IROA ()] ‘©)RI SPUNJ [RIOPO]
‘uoryepur ‘pds ‘yuourysesur ‘uorpdwmnsuod siqrInp ‘uUordwNSuod o[qeinp UoN YYA 9U} Ul SO[QRLIRA O} JO SULIOPI() OUIAYDS
UOIYROYIPUOPI-ANSO[OY) © M PoyIuapl yooys Aorjod A1e1ouoN "THF{ET Ul el © 10f smofe yorym ‘roded sty ur pesodoid
yoeoidde 1[[ouR-0AONU[9ISL)-TYII0IYIORY 9]} [[IM PIJRUIIISY SUOIORIY :SOUI| PAYSRP Yor[q pue pajjop onjg -yoeoidde
YVA JUSDIPR00-paxy ‘o[duwres-[[N} ® [IM POUTR]O S[RAIDIUL 90USPYUOD Juad I89d GE :SOUI[ PajjoOp-Usep pay ‘s9jew)sy
Jutoq :sesuodsoy] osndw] gAA-HVAS 'SA HVAS JUSIOIPO0d-paxI :suorjouny asuodsoa osndwy :¢ oInsrq

(014 =] & (0] ]
208002 LOV861L ‘AM-HVAS SAISINOSY 11nnnnni ™ l..‘-._b..::
POEB6L-LD0961L ‘AM-HVAS SAISINOSH m = = 1
L T
a|dwes [N} ‘HYAS-A¥S9|0YD "Yo00 PoXid mimim
dAOlL
(074 gl ol ] . (014 gl ol ]
et bl e mt T L T STy
-:.~-..'
Y L 1z0
d44 14N
(074 gl ol ] .- (014 gl ol ]
_ _ R Ry B T | 17
e r U R - [ Wl e, 1~
. n m'® |50 st . 1N L 4
..........-~u o —-—"._.“-“ .- - ....ﬂ..'.mlo
B 1¢
N N mo N " " .v
ddao 1S3ANI
ol S St (o] S .
g = a. (o | | | o
~‘~ e :-:-.ﬂ —-u’ 1 A --4-.-4—-—‘-.!—5—\0 ]
"“ - e ' \. 0 () —-—* -‘i—‘ i'\'. 2 0-
-
c : : v'0

SNOOAdN

40



"Rl [[Ig AINSeol] -IRoA ()T ‘0jel Spunj [RIOPo] ‘uorjepul ‘pds ‘Jusur)soAul
‘uorydumsuos o[qemp ‘uondwmsuod o[qrInp UON YYA O} Ul SO[(RLIRA o) JO SULIOPI() 'SSR[ INOJ pur SHURISUOD dYAds
-uorjenbo YIIm pojetinse YYA “S[RAISIUL 90UePYU0d Juad Iod GG A -YVA OAISINOSI-UON :SOUI[ PIjIOP-Paysep vl S[A
-I9JUI 20ULPYU0D Juad 1d GG A Y VA -PAISINIY :Sealk POpeyS "AA-SHVAS OAISINOIYY-UON] -SA -9AISINIIY :f 2IN3I ]

Oc Ol

¢0800¢-0v861

co

| | v
dHAOL d4d4 14N ddao 1S3ANI SNOOAdN
0z oL 0z oL 0z oL 0z ol 0z oL 0z oL 0z oL
1'0- ———— b0 ————€0- ——— Sk ——— b [——— b [
- AVI
W S0°0- ot co | L- ~
. 20 . - | 2- ©
» D
- NI O
Jo L'o- t S0 O
0 p 0 0 -
. S0°0 Fa i T o 1 \w.\po S
L )
. [ \ . c c : R

10 M 10 S0

SL0 ¥°0 2o : L 14 14 ¥
dAOlL d44 “14NI ddo 1S3ANI SNOOJd SNOOAdN

41



"Rl [[Ig AISeol] -IRoA ()T ‘0jel spunyj [RIopo} ‘uorjepul ‘pds ‘yusurisesur ‘uorjdwmsuod sjqeinp
‘uorydwnsuos a[qrInp UON YVYA OU) Ul S9[qRLIRA oY) JO SULBPI() ‘YVA 9U} Ul So[qRLIRA 9(} JO SULIOPI() 'SSe[ INOJ pur
syue)suod oywads-uoryenbe M pajewinse YA "M-UVAS PAISINOSI-UON :SOUI[ PAJOP-UYSep Py "M HVAS PAISINOY
:sour] paysep yoelg -sojewr)se jurod ‘sesuodsea osndui] :gAA-HVAS OAISINIDI-UOU -SA =-JAISINIIY :G 9INTIq

0z 0L 02 O 0z 0L = 02 O 0z Ot 0z 0L 02 O
- oL- -
Mm.o- S0 G- ©
N e- ] e R
g " 4 e 5 & 2
‘- - | 1
.}Iao 0 gt <, o \”" Y 0 @ “ho r
| 0 B
. . (D)
S0 S0 . g .
g
L ! t ot t
HAOL d4d4 14N ddD 1S3IANI SNOOd SNOOdN
0z OL 02 O __ 0Z O oz oL 02 O 0z O} 0z O}
1'0- ————— 0 —— S L- - -
AVI
Ql‘\ S0'0- =0 c0- ’»‘ L= .I" - } = W‘Nr
-, = c-
—8 %0\4 Fo (1O & ajso g % § s,
‘\ §l|\-|o 4 2 5 B |:.l|do 20 ., o IR
jmoo Y 4 0 1-|¢: o & of | = &
ﬁm.o & _ A A L
10 10 S0 c &
GL'0 0 20 1 b . b

HAOL d4d4 14N ddao 1S3ANI SNOOd SNOODOAN

42



‘pozZIpIepur)s ore oIngIg Iy}
ut pafeldsip sotos [y *(z10g) UOIqIO)) WoIj uaye) st (F00g) owoy pue Jowoy Aq sYooys Ao1j0d Jo oInseoul oY ], ‘SUOISSo0al
HAGN :sTeq ArI3 [ed1)I0A T()FRET Ul YeoIq ® I0J MO[[R S[PPOW ) oY, "(senfea aArpenumnd Ayjuouwt Jo ageroar) ($00g)
IOWOY] PUR ISWOY AQ POJRUINSO SYIOUS :OUI[ Poysep ‘WooIs s3I (L00g) SIOIMOA\ pUR S}oWG A POJRUII)Sso SYDOUS :oul]
9170p-ysep ‘Yor[g “YYA ANSS[0Y)-JUSIOIJo0D PaX] PIRPUR]S © UO [RUOIIIPUOD SYIOYQG :(SOUO Pal oY) URl[) SoUSep IoFUO[ IIm)
OUI[ PoYSep ‘U0alr) ‘wsAs oY) ul sdiysuorje[ol snoaueioduwojnod ay) U0 XLIJeU IRNIURLI}-IOMO] PIRPUR)S B SoSOdWIT YoIm
“Saomowrel [\ MVAD ADH, INO UO [RUOINIPUOD SHIOYG :OUI[ POYSBP ‘POY "SUOIPLIISAI 0I9Z-0U $osodull YoIym ‘[Opott VA
QAISINDY-UON D¢, INO UO [RUOI)IPUOD SYOOYS :oul[ prjos ‘onjg -uostreduwo)) :s}ooys Adijod pojewnr)sy :9 oInsig

S00¢ 000¢ G661 0661 G861 0861 GL6T 0Le6T G961

(7007) T2 WIOY PURID WO Y - o —
(L007) SI®NO M PUE S4B WS e e 0
VYAS SASINOD Y e e

d MYVAS SASINOO Y ==

d MmYVYAS SASINOS YFUO N

43



FEstimates
Parameter 1960Q1-1983Q)4 1960Q1-1983Q) 1984Q1-2008Q2

&, 0.50 0.42 0.09
(0.01) (0.02) (0.16)

T 0.03 0.09 0.73
(0.001) (0.01) (0.22)

Er 0.53 0.27 1.00
(0.02) (0.05) (0.18)

K 0.01 0.01 0.11
(0.01) (0.01) (0.02)

o 3.08 0* 0.00
(2.07) (1.80)
Distance 133.39 137.82 20.09

Table 2: Structural DSGE model: IRF matching estimates of the structural
parameters by using the non-recursive SVAR-WB. Estimated values obtained
via a minimum-distance estimator. Loss function constructed by considering the im-
pulse responses to a monetary policy shock produced with the structural DSGE model
and those produced with our non-recursive VAR-WB. Standard errors in parenthesis.
The “Distance” measure reported in the last row refers to the sum of the squared de-
viations of the impulse responses of the model with respect to those of the SVAR-WB,
weighted by the latter’s variances. Calibrated values indicated with a star. [0,1] bounds
for the structural parameters considered in the optimization, with the exception of the
cost-channel parameter (last raw) for which we considered a [0,5] bound.
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Technical Supplement of the paper:

“Gimme a Break! Identification and Estimation of
the Macroeconomic Effects of Monetary Policy Shocks
in the U.S.”

by Bacchiocchi, E., Castelnuovo, E., Fanelli, L.

Analysis with non-stationary cointegrated variables

The analysis conducted in our paper is based on variables modeled in levels. As shown
by Phillips (1998), when the data generating process is characterized by unit roots, the
impulse response functions (IRFs) estimated from SVARs are no longer consistent at
all horizons and inference is of non-standard type. Several solutions have been pro-
vided to account for non-stationary time series, see e.g. Liitkepohl and Reimers (1992),
Amisano and Giannini (1997), Phillips (1998) and Vlaar (2004). Gonzalo and Ng (2001)
and Pagan and Pesaran (2008) are examples in which the identification of nonstation-
ary SVARs can be designed by exploiting permanent/transitory decompositions of the
shocks.!

In this Technical Supplement, we extend the analysis of our recursive and non-
recursive SVARS-WB discussed in the paper to the case in which the non-stationarity
of the data and the possible presence of unit roots is explicitly taken into account. Our
objective is to envisage whether the results obtained in the paper with VAR specifi-
cations based on the levels of the variables remain qualitatively unchanged when the
unit roots and cointegration restrictions suggested by the data are incorporated into
the system.

Consider the vector z;:=(NDCONS,;, DCONS,, INVEST,,GDP,,INFL;, FFR;,
10Y R;)" analyzed in Section 3 of the paper, and assume that the characteristic equation
associated with the VAR in levels, det(A(s))=0, A(s):=I,—A;s—...— Ays", has exactly

n — r unit roots equal to s=1, with 0 < r < n (recall that n:=7)? Then consider the

! Alternatively, it is generally possible to treat the system as a highly persistent one and avoid
pre-testing by constructing IRF's using the local-to-unity asymptotic theory as in, e.g., Pesavento and
Rossi (2006).

2We recall that NDCONS stands for non-durable personal consumption, DCONS for durable per-



cointegrated Vector Equilibrium Correction (VEqC) counterpart of the system:

Azt = a,@'zt_l + TlAzt—l + ...+ Tk—lAzt—k—i-l + ‘I’dt -+ u; (1)
where Azyi=2z,—2, 1, a3 = —(In—z:f:1 A;), a and B are nxr matrices of full column-
rank 7 < n, and Y, = —Zf:jH A;, j=1,...k — 1, see Johansen (1996). Liitkepohl

and Reimers (1992) and Amisano and Giannini (1997) exploit the mapping between
the VAR parameters in levels and the parameters of its cointegrated VEqC counterpart
to account for the unit-roots/cointegration restrictions and incorporate them in the
computation of the IRFs, coming back to the (constrained) VAR in levels. Conditional
on the reduced form matrices A;, i = 1, ...,k embedding the unit-roots/cointegration
restrictions, inference on the IRFs can be conducted in the usual way.

We follow a different route, inspired by a well-known result of cointegration analysis,
exploited, among others, by e.g. Campbell and Shiller (1987) and King, Plosser, Stock,
and Watson (1991). The idea is to use a reparameterization of the cointegrated VEqC in
eq. (1) in terms of a stationary VAR system which embodies the identified cointegrating
relationships, without any loss of information. We obtain a stationary VAR system for
a vector of transformed variables which feature the cointegration relationships, and
which can be used in the ‘conventional’ way. Obviously, the IRFs computed from the
transformed system must be interpreted accordingly.

For fixed cointegration rank, r, and fixed (identified) cointegration matrix, 3:=3,
the VEqQC in eq. (1) can be equivalently represented as a stable VAR system of the
form

zi =Biz'  +Byzl ,+..+ Bz, + 9%, + (2)

where the n x 1 vector z; is defined by

0r
_ Z¢ T X ].
S ( TYAz, ) (n—r)yx1’ (3)
0

70 is an x (n — r) matrix such that det(7%3}) # 0, 89 is the orthogonal complement
of 3°, B,;,i=1,...k — 1 and B}, are matrices of parameters which depend on (e, Y,
.,X5_1) and (8°,7°), the matrix B, is restricted such that Ek::(Bl,k:OnX(n_r)), oo

depends on ¥ and (3°,7°)', and u):=(8°,7°) u, has covariance matrix 3,0:=(8°,7°)'%,(8°,7°).3

sonal consumption, INVEST for fixed-private investment, GDP for gross domestic product, INFL for
inflation, FFR for the federal funds rate, and 10YR for the 10 year-Treasury Bill rate. The source of
the data is the Federal Reserve Bank of St. Louis.

3 A formal proof of the equivalence between the representation in eq. (1) and the representation in
eq.s (2)-(3) of the VEqC may be found in Paruolo (2003).
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The system in eq.s (2)-(3) is stationary by construction and can be regarded as a repa-
rameterization of the original cointegrated VEqC in eq. (1). Obviously, the system can
be opportunely rotated, in the sense that the ordering of the elements in z; must not
necessarily be the one suggested by eq. (3).

The VAR in eq.s (2)-(3) can be used in alternative to the system (1) and treated
as reduced form of a SVAR for the variables in z;. It can be used advantageously in
empirical analysis when: (i) the researcher has a strong a priori about the number and
form of cointegrating relations and, at the same time, the specified cointegration matrix
B° does not involve the estimation of unknown coefficients (e.g. when the cointegrating
vectors in 3° are of the type 1, -1, 0, etc.); (ii) the VAR dimension, n, is large relative to
the sample length, 7', hence the finite sample performances of the cointegration rank test
and of the test for overidentification restrictions on 8:=8" may be poor (beyond the use
of bootstrap methods). In our framework, z; will typically contain linear combinations
of variables in z; of the form (10Y R, — FFR,) ~1(0), (DCONS, — GDP,) ~1(0), etc.,
and a selection of variables in first differences, e.g. AINV EST;, AGDP,, etc., see
below. The simplest way to check for the data adequacy of the chosen specifications
for B° and 7° is to test for the stationarity of the VAR system (2)-(3). Of course,
the variables in zj collect by construction linear combinations of the variables in the
original vector z; or their first differences, hence the analysis based on the ‘transformed’
VAR system (2)-(3) must be interpreted accordingly.

The important thing to remark here is that changes in the parameters o, 3, Y1, ..., Yy _1,
W and X, of the VEqC in eq. (1) reflect in changes in the parameters B;, i =1, ..., k—1,
By, ¥° and X0 associated with the ‘transformed’ VAR system (2)-(3)

Fixed the value of the cointegration rank r (and thus the number of unit roots
n — r), and specified the matrices 3° and 7° such that only known elements are in-
volved, the system (2)-(3) serves as the ‘restricted model’, i.e. the model under the
null of absence of structural breaks in the parameters B;, i = 1,...,k — 1, By, ¥° and
3.0. This ‘no-change’ model will be estimated on the entire sample 1960Q1-2008Q2.
Our testable hypothesis on the stochastic trends is that the cointegration rank in the
‘no-change’ model is equal to r=2, and that the two cointegrating vectors in 3° cor-
respond to the nominal interest rates spread (10Y R, — FFR;) and the ‘great-ratio’
(DCONS; — GDP;), respectively. This hypothesis, other than being inspired by eco-

nomic considerations, seems to be supported by the graphs plotted in Figure TS1 and
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the formal tests presented below.! The matrices 8° and 7° are therefore given by

0/'_ 0 1 _1 O O 0 0 . 0,‘_
5"(00000—11 T )

S OO O
S O O O O
S OO = O
O O = OO
O = O OO
_ o O O O
S OO OO

and the z} vector in eq. (3) contains the following elements: z;:=(ANDCONS,,
DCONS, — GDP,,AINVEST,, AGDP,, AINFL;,, AFFR;,10YR, — FFR,;). We es-
timate the no-change VAR system for z; on the period 1960Q1-2008Q2 with four lags
and a constant, in line with what we have done in the paper with the VAR system for z;.
The results are reported in Table T'S1, which summarizes the value of the log-likelihood
function, the LR Trace cointegration rank test and the estimated largest eigenvalue in
modulus of the associated companion matrix. No unit roots should be detected in the
VAR for z} if the chosen 7 and the specified 3° and 7° in eq. (4) capture the common

stochastic trends driving the system.

Table TS1 here

The results in Table TS1 provide support to our hypothesis about the common
stochastic trends: the estimated ‘no-change’ model based on cointegration rank r=2
and the 8° and 7° in eq. (4) is stationary according to the LR Trace cointegration rank
test. The estimated largest root of the VAR companion matrix, equal to 0.86, leaves
no doubts about the stationarity of z;.

Next, we move to the cointegrated VEqC model under the alternative hypothesis
of a single break in the parameters at time T3:=1984Q1, namely our ‘unrestricted’ or
‘one-break’ model. Following Hansen (2003), in this case the VEqC system can be

represented in the form

Azi=at)B (t)zi-1 + T1()Azi1 + ..+ L1 (D) A2 1 + () dr + ue (5)

4King, Plosser, Stock, and Watson (1991), document the stationarity of the ‘great-ratio’
(INVEST, — GDP;) (see their Table 1) but their sample covers the period 1949Q1(1954Q1)-1988Q4.
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where
a(t)B'(t):=a1B1(t < Tp) + 251 (t > Tp) (6)
Y,(t)="1,1(t<Tp)+ Yo, 1(t>Tp),i=1,..,k—1
W(t):=W11(t <Tp)+ Wyl (t>1Tp)
3, (t):=X,11(t <Tp)+ Xy 21(t>Tpg). (7)

and the matrices a; and 3, are n x r; and have full column rank r;, 7=1,2. We assume
that the common stochastic trends and cointegrating relationships are invariant across
the two volatility regimes, i.e. r1=r,=2 and B,=8,:=3", where 8° is given in eq. (4).
In other words, we allow changes in the error covariance matrix the, possibly, in the
‘short-run’ adjustment coefficients at time T5:=1984Q1 but not in the cointegration

relationships. In this case, the VEqC in eq.s (5)-(7) is reparameterized in the form
z; = Bi(t)zi_y + Ba(t)z{ 5 + .. + Bi(t)z{_ + (1) ds + u] (8)
where 27 is still defined as in eq. (3) and
Bi(t):=B1;1(t <Tg)+ B2,1(t>Tg),i=1,...k—1 9)

Bi(1):=(B14:0,x(nr)1(t < Tp) + (Bop:Opxinr)1(t > Ts) (10)
WO(#):=W)1 (t < Tg) + W1 (t > Tg)

.0 (t)::EUOJ]_ (t < TB) + 2u0’21 (t > TB) . (11)

Table TS2 and Table TS3 here

Table TS2 reports the values of the log-likelihood of the estimated reduced form VAR
model in eq. (8) on the first regime 1960Q1-1983Q4, the results of the LR Trace test for
cointegration rank and the estimated highest eigenvalues of the associated companion
matrix. Likewise, Table T'S3 reports the same information for the model estimated on
the period 1984Q1-2008Q2. It can be noticed that while the hypothesis of stationarity
is strongly supported by the data on the period 1960Q1-1983Q4, the LR Trace cointe-

gration test leaves room for a scenario where the VAR for 2z} is characterized by two



unit roots (r=>5) on the period 1984Q1-2008Q2, albeit the evidence is not clear-cut.
The estimated largest root of the VAR companion matrix in Table TS3 is 0.94, a value
which is still compatible with the case of an highly persistent but stationary VAR. By
combining this observation with the low power (i.e. the ability to rejects unit roots)
displayed by the cointegration rank test in highly persistent but stationary VARs, and
in light of the weak evidence in favour of unit roots provided by the computed cointe-
gration rank test, we conclude that the system for z; can be assumed stationary (albeit
highly persistent) also on the period 1984Q1-2008Q2.

Given the results in tables TS1-TS3, we have all the ingredients to test the null
of absence of a break at time T5:=1984Q1 along the lines of Section 3 of the paper.
In this case we run the test by controlling for the number of unit roots, and standard
asymptotic theory can be invoked. We first focus on the null hypothesis that all VAR
reduced form parameters B:=(Bj, ...B 1), ¥ and 3,0 are constant across the two
regimes, against the alternative in egs. (9)-(10) and (11). The results suggest that
the null of constant parameters is strongly rejected because the LR test is equal to
LR:=-2[(-938.37) - (-493.44-105.75)]=678.36 and has a p-value of 0.000 (taken from the
x?(196) distribution). Obviously, also the LR Chow-type test for 2,0 1=%,0» (based on
the implicit assumption (B 1, ..., Bk,l, ‘Il?):(Bm, - Bk,% UH=(By, ..., Bk, ¥?)) leads
to a strong rejection of the null of stable parameters. We reject the fixed-coefficient
hypothesis and conclude that even imposing the unit roots/cointegration restrictions
the sub-periods 1960Q1-1983Q4 and 1984Q1-2008Q2 represent two distinct regimes of
volatility.

The identification methodology discussed in the paper and the recursive and non-
recursive SVARs-WB can be thus applied to the U.S. data to tackle the effects of
monetary policy shocks. The analysis is based on the (stationary) SVAR-WB:

zi = Bi(t)zi_+By(t) 2z y+..+Bi(t) 2z +P () di+u) , u? = C(t)e, , e, ~ WN(O, , I,,)

(12)
where the reduced form parameters are governed by eq.s (9)-(11), C(t) is given by

C(t):=C+Qx1(t>Tp)

and C and @Q can be restricted as discussed thoroughly in the paper. The corresponding
identification conditions are provided by Proposition 1 of the paper. The important
remark here is that the SVAR-WB for z} in eq. (12) is not directly comparable to the
SVAR-WRB for z; discussed in the paper. Indeed, z; # z;, hence the the IRFs are not

directly comparable from a quantitative point of view.
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The ML estimates of C and Q under the recursive and non-recursive schemes are
reported in Table TS4, while the implied IRFs are plotted in Figure TS2 (recursive
scheme) and Figure TS3 (non-recursive scheme). The patterns of the estimated IRF's
under the two identification schemes allow us to substantially confirm, from a qualitative

point of view, the stories discussed in Section 3 of the paper.

Table TS4 here
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Appendix: Tables and Figures

Estimated ‘no-change’ reduced form VAR for 2/
Estimation sample: 1960Q1 - 2008Q2
Log-1ik=-938.37
Coint. rank 7 < Trace test p-value

0 375.13 0.000
1 283.03 0.000 Amax(Comp.)=0.86
2 194.61 0.000
3 128.34 0.000
4 70.95 0.000
) 37.32 0.000
6 11.72 0.001

Table TS1. Estimated VAR for z; on the period 1960Q1-2008Q2, U.S. data.
Amax(+) denotes the largest eigenvalue in modulus of the matrix in the argument. ‘Comp’
is the associated companion matrix.

Estimated ‘one-break’ (Iz := 1984()1) reduced form VAR for z;: first sub-period
Estimation sample: 1960Q1 - 1983Q4
Log-lik=-493.44
Coint. rank r < Trace test p-value
0 231.04 0.000

1 170.34  0.000  Apax(Comp.)=0.87
2 119.37  0.000
3 76.86  0.000
4 43.33  0.000
5 23.54  0.002
6 9.17  0.002

Table TS2. Estimated VAR for z; on the period 1960Q1-1983Q4, U.S. data.
Amax(+) denotes the largest eigenvalue in modulus of the matrix in the argument. ‘Comp’
is the associated companion matrix.
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Estimated ‘one-break’ (13:=1984Q1) reduced form VAR for z;: second sub-period

Estimation sample: 1984Q1 - 2008Q2

Log-lik=-105.75

Coint. rank » < Trace test
209.06
136.38

0

O T W N~

85.68
56.55
33.85
11.97

2.06

p-value
0.000
0.000
0.000
0.005
0.015
0.160
0.151

Amax (Comp.)=0.94

Table TS3. Estimated VAR for z; on the period 1984Q1-2008Q2, U.S. data.
Amax (+) denotes the largest eigenvalue in modulus of the matrix in the argument. ‘Comp’

is the associated companion matrix.

Unconstrained recursive SVAR-WB

¢ Q
0.41 0 0 0 0 0 0 -0.09 0 0 0 0 0 0
0.39 1.84 0 0 0 0 0 -0.49 -0.07 0 0 0 0 0
0.37 0.85 1.45 0 0 0 0 -0.17  -0.57 -0.47 0 0 0 0
0.34 0.18 0.27 0.50 0 0 0 -0.14 -0.12 -0.07 -0.22 0 0 0
-0.07 0.04 0.03 -0.02 0.24 0 0 0.01 -0.05 -0.04 0.01 -0.10 0 0
0.05 0.05 0.02 -0.06 0.03 0.20 0 -0.04 -0.06 -0.01 0.08 -0.01 -0.13 0
-0.02 -0.02 0.02 0.05 -0.03 -0.15 0.07 0.01 0.03 0.00 -0.04 0.05 0.11 -0.14
log-lik = 1471.38

Unconstrained non-recursive SVAR-WB

¢ Q
0.25 0.09 0.22 0.20 -0.03 0.07 -0.04 -0.20 0 0 0 0 0 0
-0.63 1.66 0.47 0.15 0.06 0.18  -0.07 0 -3.24 0 0 0 0 0
-0.95 0.19 1.36 0.23 0.13 0.12 -0.01 0 0 -1.14 0 0 0 0
-0.15 0.10 0.26 0.56 0.24 -0.02 -0.05 0 0 0 -0.48 0 0 0
0.00 0.01 0.03 -0.13 0.21 -0.04 0.04 0 0 0 0 -0.28 0 0
0.01 0.02 0.02 -0.01 0.02 0.17 o0.07 0 0 0 0 0 -0.15 0
-0.02 -0.01 0.01 001 -0.01 -0.09 -0.12 0 0 0 0 0 0 0.10

log-lik = 1471.38

Table TS4. Estimated simultaneous parameters for the recursive and non-
recursive SVAR-WB for 2/, Tp = 1984Q1. Estimated values obtained via (Full

Information) ML. Significant coefficients at 10% critical level are reported in bold.
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Figure TS1: Time series plot of some ‘odds-ratios’, the nominal interest rates
spread and the federal funds rate over the 1960Q1-2008Q2 period. Ratios displayed by
considering our variables in levels.
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Figure TS2: Cointegrated SVAR-WB, Impulse response functions: Great
Inflation versus Great Moderation. Dashed-black lines: Point estimates. Shaded-
areas: 95-per cent confidence interval. Monetary policy shock identified with a Cholesky-
identification scheme. Ordering of the variables in the VAR: Non durable consumption,
durable consumption, investment, gdp, inflation, federal funds rate, 10 year-Treasury

Bill rate.
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Figure TS3: Cointegrated Recursive- vs- Non-Recursive SVARs-WB. Shaded
areas: Recursive-VAR-WB 95 per cent confidence intervals. Black dashed-dotted lines:
Non-recursive VAR-WB 95 per cent confidence intervals. VAR estimated with equation-
specific constants and four lags. Ordering of the variables in the VAR: Non durable
consumption, durable consumption, investment, gpd, inflation, federal funds rate, 10

year-Treasury Bill rate.
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Appendix: Further results

We present here some Figures omitted from the paper for the sake of brevity.
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Figure TS4: Cholesky-VARs with fixed-coefficients: Full- vs. pre-Great

Moderation samples. Shaded areas: 95 per cent confidence intervals, VAR estimated
with 1954Q3-2008Q2 data. Black dashed lines: VAR estimated with 1954Q3-1983Q4
data. VAR estimated with equation-specific constants and four lags. Ordering of the
variables in the VAR: Non durable consumption, durable consumption, investment, gpd,
inflation, federal funds rate, 10 year-Treasury Bill rate.
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Figure TS5: SVAR-WB vs. DSGE impulse responses to a monetary pol-
icy shock. DSGE model calibrated via indirect inference by taking the non-recursive
SVAR-WB as auxiliary model. Sample: 1960Q1-2008Q2, break in 1984Q1. Shaded
areas: 95 percent confidence intervals associated to the impulse responses of our non-
recursive SVAR-WB.

XV



