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dentification of Monetary Policy Shocks:

Determination of the optimum level of conservatism of the team in charge of the forthcoming
Monetary Policy Council
The loss function of Political Authority is given by (23)

rtigo desenvolve uma metodologia
sstrutural baseada em modelos
08 para identificar os chogues de
a monetaria e medir os seus efeitos
econémicos. A vaniagem desse
dimento é trabalhar com modelos
e-identificados testaveis, cujas
ic6es sdo derivadas das correlagbes
reiais entre os residuos, adicionando-se
 conhecimento institucional. isso
ite testar algumas restricdes sobre o
1do de reservas usadas em varias
dagens existentes na literatura. Os
ipais resuliados séo que nem as
ac6es VAR ligadas a federal funds
te nem as ligadas as reservas ndo-
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When shocks are not correlated, equation (23) reduces to:

E(L) = Pm TPARVar(7) + 2o+ 120t (A — pPok + o B AR+ & mAARVar(#) + a mPol+ a'ol

In this expression, only m and 5 depend on a.

d| E{L) o
_ o+ a'm?) Var(# AP uwmmﬂm,\m_.m {nonborrowed reserves)
da da Avar(m) + o, he. bonsindicadores de choques de
itica monetéria.
a= A%a' ;

The second order condition is:

P E(L)
et (1) > 0
oof (@)
One can easily verify that this condition is satisfied for o = A%

When shocks are correlated, equation (23) expands into a more complex expression. Despite &
increased number of terms, this expression is still linearly related to m and n, both depending in.
turn on «. The first order condition then results in a more complex homographic relationship
between a and o', defined as following:

oo +h
ca' +d

o = MA = )t Cov{a, 8) + Au(r— )3 Cov(, & — (A — w)* Cov{u, 8) — A — u)® Cov(u, &)
b = 2431 — 1) Cov(#, u) + XA — )2 Cov(7, 8) — A(A - w)? Cov(y, 8) +A%0E~ >>0m+ Nol— \ud?

c = 2MA — ) Cov(#, U} ~ MA — )2 Cov(#, 8) + Alr — ) Cov(a, ) ~ (A — w2 Cov{u, 6) — (A — g}

Cov{u, &) + \/moml MO+ Aof+ uol ments. The usual dislaimers apply.
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résume / abstract

Cet article élabore une méthodologie des
VAR structurels basée sur les modéles de
graphes pour identifier les chocs de la
politique monétaire et mesurer leurs effets
macro-économiques. L'avantage de cette
procédure est la possibilité d'utiliser des
modéles suridentifiés dont les restrictions
sont dérivées par des corrélations partielies
des résidus, en plus des connaissances
institutionnelles. Ceci permet de tester
certaines restrictions relatives au marché des
réserves qui ont été utilisées par de
nombreuses approches dans la littérature.
Les principaux résultats indiquent que ni les
innovations VAR introduites sur le taux des
fonds fédéraux ni celles introduites sur les
réserves non empruniées (non-borrowed
reserves) sont de bons indicateurs des chocs
de la politique monétaire.

This paper develops a structural VAR
methodology based on graphical models to
identify the monetary policy shocks and to
measure their macroeconomic effects. The
advantage of this procedure is to work with
testable overidentifying models, whose
restrictions are derived by the partial
correlations among residuals plus some
institutional knowledge. This permits to test
some restrictions on the reserve market used
in several approaches existing in the
literature. The main findings are that neither
VAR innovations to federal funds rate nor
innovations to nonborrowed reserves are
good indicators of monetary policy shocks.

grateful to Marco Lippi and Peter Spirtes for helpful advice, and to an anonymus referee for useful




the way these restrictions are used may render the inference procedure circular (“we just get
what we have stuck in”) and proposes to identify the effects of a monetary policy shock on

Ut by directly imposing sign restrictions on the dynamic responses of prices, nonborrowed
rves and interest rate to the same shock. Gordon and Leeper (1 994), Bernanke and Mihov
8) and Bagliano and Favero (1998) emphasize the importance of taking account of different
etary policy regimes.

ther point of controversy is the choice of the indicator of the stance of policy. Bernanke and
{er (1992) propose VAR innovation to the federal funds rate as measure of the monetary
iey shock, basing their argument on prior information about the Fed's operating procedures.
wever, Christiano and Eichenbaum (1992) have made the case for using the quantity of
nbortowed reserves as indicator of monetary policy. On the other hand, Strongin (1995)

ues that the central bank has to accommodate in the short run total reserves demand,

refore monetary policy shocks are the shocks to nonborrowed reserves orthogonal to shocks
fotal reserves.

& there is no consensus on which of the various measures is more appropriate to capture the
tance of policy, many authors check the robustness of their results using a variety of indicators
& e.g. Christiano et al.,1999). In this paper, in the spirit of Bernanke and Mihov (1998), the
icator of monetary policy stance is not assumed but rather is derived from an estimated model
the Fed’s operating procedure. We employ a structural VAR model, but before imposing the

rictichs derived from institutional knowledge, we narrow the number of acceptable causal
wetures using graphical models. The idea is that causal relationships can be inferred from the
of vanishing partial correlations among the variables that constitute such {unobserved)
plationships. Graphs form a rigorous language for the “calculus” and representation of
causation. This method, which is an extension of the method used in a previous paper {(Moneta
003}) associates a graph to the (unobserved) causal structure of the model and addresses the
ablem of identification as a problem of causal discovery from vanishing partial correlations. in
rticular, we infer the class of acceptable causal structures among contemporaneous variables
m all the correlations and partial correlations among the residuals.

1. 5#0&:25:

A monetary policy shock is the portion of variation in central bank policy, that is not caused by
the systematic responses to variations in the state of the economy. It is an exogenous shock,

which may reflect innovations to the preferences of the members of the monetary authority (e.g.
Federal Open Market Commitiee), measurement errors of the same members, and any other

conceivable variation orthogonal to macroeconomic innovations. Vector Autoregressive (VAR)
models have been extensively used to isolate and study the effects of a monetary policy shock. A
VAR is given by

Y =AY+ AY o+ +>u<?n+ up, =17 §))]

where Y, isa k x 1 vector of data atdate t = 1 - p,...T; A, are coefficients matrices of size k x k;
and u, is the one-step ahead prediction error with variance-covariance matrix 3. Equation (1) is
a “reduced form” model: it merely summarizes the statistical properties of the data. To study the
dynamic effects of a monetary policy innovation, one needs an “identified” model, namely a
mode! that has an economic interpretation. The problem of identifying a VAR consists in
decomposing the prediction error u, into economically meaningful or “fundamental” innovations.
Suppose that there is a vector , of fundamental innovations of size k x 1, which are mutually
independent. Therefore E[y#] = D is a diagonal matrix. What is needed is to find a matrix I
such that u; = Py, It turns out that:

S, = Elug’] = TE[ypJr" = IDT" @)

The problem is that the k(k + 1)/2 non-zero elements, which can be obtained from the estimate of
3, are not sufficient to specify I" and the diagonal of D. Therefore, one needs further restrictions
to achieve identification. In the literature, there exist three methods o impose the necessary

restrictions. The first one consists in decomposing 3, according to the Choleski factorization, so . 8 . " o
that 3, = PP, where P is lower-triangular, defining w:n:m@o:m_ matrix V with the same diagonal as snsistent with the stylized facts of Christiano et al. (1997) and Christiano et al. (1999), at least

P and choosing T" = PV-". This is equivalent to impose a recursive ordering of the variables, jor the entire sample 1965-1996. However, the subsample 1979-1996 yields dynamic responses
called a “Wold causal chain”, as in Sims (1980). The second method consists in deriving from monstary policy shocks which are qualitatively different from those stylized facts. On the other

theoretical and institutional knowledge some “structural” relationships between the fundamental :a we want to 5<mmcmma which shock embeds better the exogenous monetary mroo? in the
innovations »,, i = 1,....k and the one-step ahead prediction errors u, i = 1,....k, as in it of Bernanke and Mihov (1998). The results cast some doubts on the practice of using the

Bernanke (1986), Blanchard and Watson (1986) and Sims (1986). The third method consists in ook 1o the federal funds or the shock to nonborrowed reserves as a measure of an exogenous

separating transitory from permanent components of the innovations, as in Blanchard and Quah onetary policy shock, while they bring some support on the conjecture of Strongin (1995), that
(1989) and King et al. (1991). ood measure of monetary policy innovation is the shock to nonborrowed reserves orthogonal

the shock to total reserves.
Any of these methods deals with a high degree of arbitrariness (for a criticism see Faust and ;
Leeper (1997)). Indeed, imposing a set of restrictions corresponds to ascribing a particular
causal relation, which is often difficult to be justified, to the variables. To address this problem
some authors try several identification schemes and derive stylized facts from them. Thus,
Christiano et al (1999) state that “there is considerable agreement about the qualitative effects of
a monetary policy shock in the sense that inference is robust across a large subset of the
identification schemes that have been considered in the literature. The nature of this agreement
is as follows: after a contractionary monetary policy shock, short term interest rate rise,
aggregate output, employment, profits and various monetary aggregate fall, the aggregate price
responds very slowly, and various measures of wages fall, albeit by very modest amounts”.

e goal of this paper is twofold. On the one hand, we want to analyze what are the effects of a
onetary policy shock, when in the structural VAR the identification assumptions are derived by
means of graphical models, using US macroeconomic and policy variables. The resuits are

o rest of the paper is structured as follows. The second section describes briefly the
entification procedure of the structural VAR. The third section presents a standard model of the
tket for commercial bank reserves and central bank behaviors, which is a slight extension of

& model used by Bernanke and Mihov (1998). The fourth section describes the data and the
stimation procedure. The fifth section shows the application of the identification procedure. The
xih section summarizes the main empirical results. Conclusions are drawn in the seventh

2. m#:nn:_,m_,<>,m and Graphical Models

These conclusions are often considered as “facts” and if a particular identification scheme does Suppose that a structural model of the monstary transmission mechanism can be represented

not accomplish them, it is sometimes seen as rejectable. Uhlig (1999) has persuasively argued
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x b ; ; s . v
A gﬁ = M. Y Y] +B AN , a fesdback link, nor by a latent variable, which we interpretas a common shock {fora
t) = t-i

ition of edges, undirected and complete graph, see appendix) ?

: ocedure is based, first, on the fact that in a VAR model partial oo:m_mﬁo:m among
juals are equivalent to partial correlations among contemporaneous variables, conditioned
1l the past variables (see Proposition 1in appendix).

nd, there are two tundamental assumptions relating causes m:a?oamgze, n.wzmz. m@ﬂmn:
d any three vertices A,B,C belonging to G: () Causal Independence Assumption: if A does
cause B, and B does not cause A, and there is no third variable that causes both Aand B,

& A and B are independent; (i) Causal Faithfulness Assumption: it corr(A,BIC) is zero then A

where X, is a vector of macroeconomic (non-policy) variables (e.g. output and prices) and M,
vector of variables (partially) controlled by the monetary policy-maker (e.g. interest rates and
monetary aggregates). ¥, = (X', M) is a vector of length k, whose components are indicated as
Yy Vi) @0y = (] My

The Structural VAR methodology suggests first to estimate the reduced form:

* = W C Xe + u 4 B are d-separated by C on the graph G. For the definition of d-separation see appendix.
R M v ssuming normality of the error terms, the search algorithm described in appendix permits to
an undirected graph, which represents a pattern of directed graphs Qmmacmoxm and loops
where €, = AT, and aflowed), from Wald tests on vanishing partial correlations among the residuals.
b A RSP s S Modelof the ReserveMarket ' 7
" W ! © ndirected graph resulting from the search algorithm permits to narrow considerably the

< of causal structure, but seldom this is enough for a reliable identification. mmoxoﬁc:a
ladge about the way the central bank sets the monetary policy is very useful al this stage.

Then, one has to face the problem of recovering the structural shocks from the estimated - ) d
_detailed institutional assumptions, associated with causal hypotheses, can then be tested.

residuals. If we call 3, the covariance matrix of the estimated residuals, the identification proble
in this context consists in inferring A and B from 3. The model is overidentified if more thank ¢
kik + 1)/2 restrictions are imposed. In this case the validity of the restrictions can be tested viaa
likelihood ratio test statistic asymptotically distributed as a X2 with a number of degrees of
freedom equal to the number of overidentifying restrictions (see Sims (1980), p. 17 and Doan
(2000), p. 287).

The idea here Is to use graphical models to strongly narrow the number of acceptable
contemporaneous causal structures. Then, one can further discriminate using institutional
knowledge, jointly with x* tests on overidentifying restrictions. The advantage of this method wit
respect of the standard structural VAR approach is that eliminating the implausible causal
structures significantly lowers the degree of arbitrariness. The method applied here is an
extension of a search procedure that was developed in a previous paper (Moneta (2003)) and \anke and Mihov (1998) model the banks’ total demand for reserves as:
that we are going to describe briefly here, referring to the appendix for more detailed
terminology.

wing Christiano et al (1999), a general model of the monetary authority behavior can be
1 as:

(6)

8, is the instrument of the monetary authority, say the federal funds rate or some ,
etary aggregate, f is a linear function that represents the central bank’s feedback rule, Q,is

onetary authority’s information set and 1§ is a monetary policy shock.

= @) - A ™
Statistical models represented by graphs, in particular directed acyclic graphs (DAGs), have / <) aFFRy+ Vs

been proved to be useful to represent causal hypotheses and to encode independence and ;

conditional independence constraints implied by those hypotheses (Pearl (2000), Spirtes et al. ro O is the information set that comprehends only current and past macroeconomic
(2000), Lauritzen (2001), Lauritzen and Richardson (2002), see appendix for a definition of Em% According to (7), the demand for total reserves TR, depends on O and is affected
graph and directed acyclic graph). In this framework, algorithms have been developed to recover ively by the federal funds rate (FFR,). The demand for borrowed reserves is:

some features of the causal graph from (conditional) independence relations among the .

variables which constitute the unobserved causal structure. A set of algorithms starts from the
assumption of direct causation, ruling out the possibility of feedbacks, loops and confounder (e.g . wmmADw y+ BFFR, — DISC,) ~ yNBR+ R, (8)
PG algorithm in Spirtes et al. (2000)). A more sophisticated version of it allows for latent variable
(e.g. FC! algorithm in Spirtes et al. (2000)). An algorithm developed by Richardsen and Spirtes
(1999) deals with the problem of inferring features of the causal graph under the assumption thal
it may be cyclic (feedbacks and loops are allowed), but there are no {atent common causes.

re BR, is the portion of reserves ﬁ:mﬁcmsxmo:oﬁvmmﬁoco:osm.::m aﬁco:i 25.&92. .
ding to (8), BR, is affected positively by the federal funds rate — discount rate differential

@H,MWS some {recognizable) cases in which an edge in the output of the algorithm does :oﬁ. correspond o
sence of an edge in the causal graph representing the data generating process {for details see Moneta
b, 43). So, the output graph may contain more edges than the unobserved “true” graph. In @m.:m_,m_, Em
m gives a graph that represents a class of causal structures, not a unique causal structure. :._m.uomm_gm
w that if there is a “true” causal structure which has generated the data, such causal structure is included

Here we apply a general algorithm, which is basically the first common part of the algorithms
mentioned above. The algorithm has, as input, the covariance matrix among the VAR residuals
and produces, as output, an undirected graph, which represents a class of possible causal

relationships among the contemporaneous variables of the VAR model. The algorithm starts
connecting all the contemporaneous variables (Yy;,..., Vjg) In @ complete graph and progressively
eliminates most of the edges among variables which are not associated neither by a causal link

class of causal structures represented by the output graph of the algorithm (see Moneta (2004) for details).




sstimate the model both in the vector error correction model parameterization and in levels
1ation-by equation OLS)S. Since the results of the two estimations are very close, we report the
ts of the level estimation, in order to have a clear comparison with the results of Christiano
1. {1999) and Bernanke and Mihov (1998), who estimate the model in level. The number of

< used to estimate the VAR is 13 in the full sample (the same used by Bernanke and Mihov
998). The covariance matrix among the residuals obtained by OLS estimation is the following:

and negatively by the nonborrowed reserves (NBR,). Bernanke and Mihov (1998) assume that
innovation to the discount rate is zero, which means that fluctuations in the discount rate are
completely anticipated, so that DISC, does not enter in (8).

=

As far as the parameter v is concerned, Christiano et al. (1999) give two reasons for including
NBR, in equation (8). The first one is that, if we would be willing to include expected vaiues in the
equation describing demand for BR,, we should include expected values of FFR, among the

variables affecting BR,, because of the existence of nonprice costs of borrowing at the Federal

Reserve discount window. (These costs rise for banks that use too much or too frequently the 4 -31 -4 3473 42

discount window). Indeed, for example, when E(FFR,),,, is high, banks want BR, to be low so 4 26 18 15 650 28

that they can take full advantage of the high expected federal funds rate in next period without

having to suffer large nonprice penalties at the discount window. Since NBR, helps forecast 31 16 1682 660  -19341  -388 10~
future values of FFR,, it should enter on equation (8). 15 660 802 7652 -46

The second reason is that a bank that possesses a large amount of NBR, and is using the

discount window is simply trying to profit from the spread between the federal funds rate and
discount rate. In that case, the bank would suffer a higher nonprice marginal cost of borrowing.
So, NBR, should enter the equation describing demand for BR,.

650 -19341 7652 2236763 10530
26 -388 -46 10530 2670

However, Bernanke; Mihov (1998) assume vy = 0, presumably in order to achieve overidentified 5. Identification of the Structural Shocks

and testable identification scheme.?

e search algorithm mentioned in section 2 and reported in appendix is employed to derive the

1ss of admissible causal structures among the contemporaneous variables of the structural

odel (represented in equation (3)). The input of the search algorithm is the covariance matrix
ong residuals and the output is a pattern of directed graphs, which is represented by an

The following equation describes the behavior of the Federal Reserve:

NBR, = fnpalQ) + ¢94 + ¢P17 + 15 (9 ndirected graph. Figure 1 displays the output of the algorithm for the full sample.®
According to {9), the Fed, by means of open-market operations, can change the amount of gure 1 - OQ.,:mSUo_‘w:mocm, structure for the full sample (time subscrips are removed
nonborrowed reserves supplied o banks in response to shocks to the total demand for reserves or nazcm:m_man&. . L . .

and to the demand for borrowed reserves. The coefficients ¢ and ¢ denote the strength of the

responses and 1§ represents the monetary policy shock. GDP ————— FFR ————— ﬂ,m PGDP
m.:,_om.ﬁﬁN = NBR, + BR,, we can derive from (8) (omitting the discount rate) the following ~ ;
equation: ™ ;
// _*
FFR = = fanl@) + 75 TR+ !FN NBR,~ % (10) NBR ——— PSCCOM

From (7), (9) and (10), we can derive restriotions on the contemporaneous variables, which & graph in Figure 1 has 1o be read according to the following criterion. An undirected edge
correspond to zero coefficients on the matrix A of equations (3) and (5), as we will see in section 5. tween any two vertices A and B of the graph corresponds to one or more of the following
natives: (i) there is a direct causal relationship from A to B; (i) there is a direct causal
ationship from B to A; (iii) there is a common shock affecting both A and B.7 It should be
emphasized that a lack of edges between any two variables does not mean that there is no
relation at all (in fact there is usually correlation through lagged variables affecting both), but
st that all of the three options listed above are excluded. Thus, since in the graph of Figure 1
re is no edge starting from PGDP, prices (measured by the GDP deflator) do not affect

4. Data and Estimation

—

The data set used is the same as that of Bernanke and Mihov (1998) and consists of 6 series of
monthly US data (1965:1-1996:12)*. We refer to the non-policy macroeconomic variables as
GDP,: real GDP (log); PGDP,: GDP deflator (log); PSCCOM,: Dow-Jones index of spot
commodity prices (log). The policy variables are: TR,: total bank reserves (normalized by 36-
month moving average of total reserve); NBR,: nonborrowed reserves plus extended credit
(idem); FFR,: federal funds rate.

o estimation via VECM parameterization does not imply any difference in the way the identification problem
s faced. since, once the covariance matrix among the residuals is estimated, the model is reconverted in ,w<m_m‘
he significance level employed in the vanishing partial correlation tests is 0.05. We remove time subscripts.
variable without time subscripts should be interpreted as a variable at fime t.

Q&m:z. there is also a fourth possibility. If there are feedbacks and common shocks in the amwm mm:mqmz:@
raph, the output of the algorithm may contain edges that do not correspond to any of the associations

ntionsd. Such configurations are however recognizable, as mentioned in footnote 1 (see Moneta (2004), p.
or more details).

3 This is an important li ion, as underliined by Christiano et al. (1999). indeed, in the Bernanke and Mihov
(1998) approach, one can always interpret an alleged rejection of an identification scheme as evidence against
the maintained hypothesis y = 0 and save the identification scheme. An advantage of our approach is that,
thanks to the pre-selection of graphical models, we do not need to assume vy = 0 to reach overidentification and
we can assess whether y = 0 is in fact rejected or not by the data.
4 The data set was downloaded from Ben Bernanke’s home page.




B om the mere analysis of correlations and partial correlations it is very difficult to infer which

instantaneously any other variable, prices are not affected instartaneously by any other variab = A PP (13)

and that there is no common shock affecting contemporaneously PGDP and any other variable. .

system of equations (11)-(12)-(13) corresponds to a set of causal restrictions, as illustrated
w. The restrictions on the relationships among macroeconomic variables (GDP, PGDP and
£COM) and on the relationships between macroeconomic variables and policy variables, that
derived by the graph output of the search algorithm, are numerous enough, so that the

em can be identified. We also consider further restrictions on the policy block, which

aspond to five alternative models, the same considered by Bernanke and Mihov (1998}, with
difference that we allow y to be different from zero.

structure, among (i), (i) and (iii), holds. One needs to incorporate background knowledge, which
if it implies overidentifying constraints, can be tested. ;

One set of assumptions can be derived by prior knowledge about the nature of interaction
between policy variables and macroeconomic non-policy variables. A common interpretation of a
contemporaneous association between macroeconomic variables and policy variables is that the
monetary authority monitors continuously prices and output, so that there are causal effects from
non-policy macroeconomic variables o policy variables within the period (one month). A furthet
possible identifying assumption (used e.g. in Bernanke and Mihov (1998)) is that there is no
feedback from policy variables to the economy within the period. This corresponds to ruling out
causal relationships from any of the policy variables NBR, BR and FFR to any of the
macroeconomic variables GDP, PGDP and PSCCOM. in the following we will consider and N ; . )

assess the hypothesis of orthogonality of the policy shock to the macroeconomic variables, which ; P o~ FFR & TR AllM\l\il\l A

we call recursiveness assumption, against the alternative hypothesis of correlation between / \\
policy shock and these variables (non-recursiveness assumption).? Under the recursiveness P

,”mamm;gaam_o._:w ?m,ao%__,%oncmao:m_nd»: u.&a aurs::o:i:%&
estrictions . .

assumption, the undirected edges of Figure 1 between GDP and FFR and between NBR and ; e -

PSCCOM are interpreted as directed edges from GDP and PSCCOM to FFR and NBR . |

respectively. Under the non-recursiveness assumption the same edges are interpreted as bi-

-directed.’® NBR ~a—————  1F

Institutional knowledge can be used to impose identifying restrictions concerning the interactions
among the policy variables (NBR, TR and FFR). From the considerations of section 3 about the
model of the reserve market, it results that the relationships between VAR residuals and
structural disturbances can be represented as follows, as far as the monetary policy block is

m@ case we consider is the mode! of equations (11 ), (12) and (13), without further
strictions, which we call Model 0. The graph connected to this model is represented in Figure 2.
his case the monetary policy shock +* is related with the VAR residuals in the following way:

concerned:
- QVQ + %v:ﬂm +(1+ P~ Mungr— (ag? - \uu%wvt\uﬁm, (14)
Upp = — Olgpp+ V* ) ;
1 y-1 1 i obtained solving (11)-(12)-(13) for +°.
Upp = g Um+t g Uner™ g p (12) ; . - 4 )
B B B “oond case is Model 0 plus the restriction o = 0. The graph for this model, which we call

del o = 0, is represented in Figure 3. It corresponds to assuming that the demand for total
sserves is inelastic in the short run. Strongin (1995) presents institutional arguments 1o support
5 assumption.

8 The length of “the period” is crucial here. For example, the assumption of no feedback from policy variables
the economy is more difficult to defend at the quarterly frequency and easier 1o defend at the weekly frequent
The opposite occurs with the assumption of causal effects from the economy to policy variables, which is more
reliable at low than at high frequencies. Notice also that we do not use, consistently with the studies quoted,
real-time data, and that measurement errors, which are common in the first data releases, are embedded in i
exogenous monetary shock. How the identification results would change with the use of real-time data is an
interesting open research question. ;
g The scheme of identification associated with the recursiveness assumption should in general be distinguistied
frorn the recursive VAR identification scheme, which is derived by the Choleski factorization of the rasiduals | . {a+ Blgrn
covariance matrix and is associated with a Wold causal chain. . Iy

10 Indeed, it is possible to show that under the Faithfulness condition, the recursiveness assumption impliesan
absence of contemporaneous direct causes frorm non-policy to policy variables and an absence of a direct
cause from the policy shock to non-policy variables {(and an absence of any latent variable caused by the pol
shock and causing non-policy variables). Moreover, under the Causal Independence condition, the non-
_recursiveness assumption implies that either policy variables cause non-policy variables within the period, of
that the policy shock is a common shock affecting both non-policy and policy variables (or that there is a latent et case the following restrictions are imposed: Avu = @ and Avo = 0. In this case the
variable affected by policy variables and affecting non-policy variables). To putitin another way, the economic etary policy shock coincides with the VAR innovation o the nonborrowed reserves:
content of the recursiveness assumption is that non-policy variables do not respond within the period to Upgr- The graph related with this model, which we call modet NBR, is represented in

WMﬂMMMWJ of the policy shock, while the economic content of the non-recursiveness assumption is just the ure 5. The argument that innovations to nonborrowed reserves primarily reflect shocks 1o

& third case we impose to Model 0 the restrictions ¢ =< and ¢P = —+% . This

tesponds to the assumption that the central bank uses NBR to neutralize borrowing and

sand shocks and targets the federal funds rate. Indeed the monetary policy shock tumns out to
proportional fo the innovation to the federal funds rate:

{(15)

graph related with this model, which we call model FFR, is represented in Figure 4.
rmanke and Blinder (1992) presented arguments in support of the federal funds rate as a
sure of policy instrument.




w30:m52uo.8<<<mmaﬁmzama30:%@3maam_.n:mzvmcsammmvmnaﬂrzmmmsom.ﬁmr . ure 6 ~ Model NBR/TR. Monetary policy shocks are shocks to NBR orthogonal to.
(19986). cmand msgﬁ - , . . -
The fifth case we consider is the model which imposes the restrictions o = 0 and P =0o0on
Model 0. The implied monetary poficy shock is 5 = — ¢ + Uygp . This corresponds to

assuming that shocks to total reserves are purely demand shocks (+7), which the central bark
has to accommodate immediately (either through open-market operations or the discount
window). Therefore monetary policy shocks (+5) are the shocks to NBR orthogonal MQ\.Q. .
Moreover, this specification, defended by Strongin (1995), does not consider the possibility Eﬁ
the central bank reacts to borrowing shocks. Figure 6 represents the graph associated with this
model, which is called Model NBR/TR.

The last case we consider is the mode! which corresponds to assuming that the om::.m, .Um:w ;
targets borrowed reserves. The restrictions imposed are ¢ = £ and ¢P =—£_  This implies

B+ay Bray
that
= B . =28, (16) [
v B+ ay (U1~ Ungg) B+ ay UYBR ﬂ P
Figure 7 represents the graph associated with this model, which is called Model BR. o/ | 1
NBR - s

Figure 3 - Model a = 0. The demand for total reserves is inelastic in the short run, so that ;
rejs no causal effect tom FFRto TR _ , ‘ set of restrictions implied by each model corresponds to a set of restrictions on the matrices

b 4&7 FFR -~ TR Aﬁi{«vi\{‘\: A nm of equation (3). Equation (5) can be written as:
s ﬁ ~ P (17)
- - ) ) ) »
NBR s P sing the restrictions of Model 0 (without recursiveness), we can write (17) as:

Figure 4 ~ Model FFR The weights refer to the cas V=0 Thet (18)
total reserves demand and borrowing demand and farget
S ‘ o p 0 0 ay 0 Ugpp 100 0 0 o0 Yo
N [ S R — ;
# ///// o FFR " \\.\\w»\.\\\\\ . 0 0 o 0 Upapp 01 0 0 o0 0 Vognp
\\\\\\ 10 0 ay Ungp 0 0 1 by by 0 5
0 1 @y 0 Y 1 000 1 0 o0 A
O oggag, 1 0 Urrr 0 0 0 0 ay 0 »
0z 0 0 1 Upsccom 000 0 0 1 Yosccon

tice that the theoretical restrictions that we impose do not include interactions with non-policy variables.
nly restrictions about such interactions are derived from the graph-search procedure (with the exception of
general restriction embedded in the recursiveness assumption). This is because, first, we have more

able and precise background knowledge about policy variables, than about the relations between policy and
icy variables. Indeed, we may call the theoretical knowledge about policy variables “institutional

wiedge”, because is based more on assumptions about the procedures followed by the banking system,

o1 economic theory. Second, each set of restrictions on the policy variable comprises a precise

. retation of the exogenous monetary policy shock. Since we can easily test each set of restrictions, we can
‘‘‘‘‘‘‘‘‘‘‘ ormation as to which measure represents better the exogenous monetary shock.




R The restrictions on the elements of A sind B for sach model of the bank reserves are reported in
(B} Table 1. The relations among the parameters of equation (18) and o, B, ¥, ¢ and ¢P-are the
. following: ¢ = by, 0 = bgs, @ = 0y, B = L, y=1+2m. The key to interpret equation (18)is

looking at equation (3), where mairix A represents the strilctural relations among
contemporaneous variables.

rastrictions on some elements of the matrices A and B of equation (17}, Each model has

Table 1 - Restrictions on A and B. Each of the six models considered implies zero . @
four versions, depending on the recursiveness assumption and the assumption on 3 (in

ohe case yis free, in the other is zero)

recursiveness rec. ty=0 " horirecursiveness  non-iec. + oy - 0

Each model is estimated by maximum likelihood estimation, using a RATS procedure based on ay5=0 ag = R
the hill-climbing BFGS method (see Doan (2000) for details).? odsl 0
! o, = o, =
Estimates of the parameters «, B, v, ¢7 and ¢P for each model are reported in Table 4. Each & &3
model is overidentified and produces a likelihood ratio test for the restrictions. in the same table L
p values for such tests are also reported, that indicate whether a model has been rejected or not. ; a5=0
We do not have space here to give specific comments on the estimates of y, o, 8, ¢“ and P (for  Modela=0 ouyg = oy =0 Ogg = gy
a detailed analysis see Moneta (2004)). The substance of these resulis is reported in the next
section. g3 =0 g3 =0 5= 0 =0
We have also investigated the robustness of the results across subsamples. We do not have a5=0 %53 = "%s4
space here to report the results (Moneta (2004) contains a wider illustration of the results and the ay5=0 a5=0
method to deal with small samples), whose substance is reported in the next section. -0 _ b = / _
Qg3 = Qgg = Qg 34 = "¥54/ P53 Ugg = "Ugq
_ Model FFR boy = -0gy/ 05y 0gz=0 bog = agy/ gy bay =054 53
bag = a5,/ sy bgs =1 bas = a5/ g3
bgg = -1
Ay = a=0
; agy=0 @53 = "4 by =0 (53 = "%s4
Model NBR by, = gy =0 bys =0 bgy =0
by =0 bg,=0 bas =
bggs =0
a=0 a5=0
ag3=0 U5y = ~Cpy g5 = Qg = ~Ogy
Model NBR/TR bus=0 gy =0 bgg=0 a5 =0
bas =0 bys=0 bas =
by =0
a5 =0 a5=0 by =1/ ®53 = "4
agg=0 Qg = "5y (1rayglasgrasy)  bag=1
Model BR by, =1/ Cgy=0 bae = (cr45054)/ by = a5ty

o

(1-ayslaggrasy))  bgy=1 (agslaggtag)-1)

bas = (ays0s,)/ bag = a5y

(ag5(asgrasy)-1)

12 The results of the restrictions of Mode! FFR and Mode! BR with the non-recursiveness assumption should be
taken with caution, because they do not take into account policy parameters that enter in the equation of the
monetary policy shock via non-policy variables. This does not change, however, the substance of the results
(see next section).| thank an anonymous referee for having raised this issue. Estimates of the parameters of
model 0 are displayed in Tables 2 and 3.




Table 2 - Estimation Model 0 recursive (full sample): . . “bled - Parameters Estimates (full sample):

EML estimation by BFGS. Convergence in 84 lterations | . - ,,f;,.?.?%,Ai\,,x,i;.,,,.z.;iiéfix,1;1é.a?,;1,,1‘.,l.lm,iz.,wwlfdl.!.é_wwizi;%mﬁmﬂmii
_Eobservations 371, Log Likelihood 9614.0525 , . _ , :

Loy Likelihood Unrestricted 96207327 ,
Chi-Square(8) 13.605. Significance Level 0.1000

. Sl Eror L 0.0014 0.0270 0.1726 0.7609 -0.1811 0.1000
R B A 0 0.0290 0.1216 0.8148 -0.1939 0.1444
. . . : : : ; ; 0.0118
o5 0.0013 0.0056 0.2411 0.8094 0.0253
—_——— e — T 0 0.0358 0.2018 0.8148 0 0.1659
a5t -8.7989 3.6417 -3.4161 0.0156 50051 0.0532 202510 0.9767  -0.0929 01189
=0  -0.0022 0.0326 0 0.8861 -0.2220 0.1282
0 , 0.0002
- 0.0000
0.7608 0.0000
bas, -0.1810 0 ] - 0.0450
B -0.0035 0.0436 0 1.0000 -0.0794 01223
-0.0180 0.0180 -0.2429 0.8046 -0.8045 0.0617
Table 3 - Estimation Model 0 non-recursive (full sample): - , 0 0.0270 0.0977 08165 02716 m.mwmm
MLe stimation by BEGS. Convergence in m,ww:m_,.mmo:m, , , ‘ : - o. 0435
e - ; PR R— T —
- oo s fiinalevelooelz | . ; -0.0055 0.0552 -0.3175 0.9696 -0.0957  0.0952
‘ ) goiies b s , . . | 0 -0.0269 0.0112 0 0.5927 -0.9691 01013
. , bsat 0 0.0209 0 0.8054 -0.5945 0.1109
0.0007 .2.0976 0.0027 -0.0036 0.0119 0 1.0000 -1.000 0.0868
— 0.0000
0.0035 0.0017 0.9986 : 0 0.0261
0.0019 -9.0292 0.0000 -0.0035 0.0433 0 1.000 -0.0805 _ 0.0890

tes: The estimates are functions of the ML estimates of the coefficients of the matrices A and B of equation (17), obtained by
RATS procedure based on the BFGS method (see Doan (2000) for details). The last column gives p-vatues from likefihood

53 68.9252 32.1408 o tests of overidentifying restrictions. If p-value > 0.05, the resrictions implied by the particular model cannot be rejected at
T T 1he 5 percent level of significance. We do not report estimates of the models which have been rejected. Models that have been
LT S . -55.4529 N N.Ommw -20.5736 0.0000 ot rejecied and the corresponding p-values are displayed in bold text.

oen 0.2305 _0.0658 35036 O .

bas 0.8046 _ 0.0697 11.5274 Main Results

by -0 8045 0.0504 -15.9625 ¢ analysis permits to give some answers to the following questions.

3t happens after a monetary policy shock?
& consider the full sample 1965-1996, the qualitative responses of output, prices and interest

& are consistent with the stylized facts presented by Christiano et al. (1999) and with the

its of Bernanke and Mihov (1998). After an expansionary monetary policy shock, output has

uncertain behavior in the first 2-3 months, then it increases rapidly, reaching its peak around

15ih month. The response of output in the long run is almost null, that means that money is

se 1o being neutral in the long run. 12 Price level responds slowly in the first year, after that

reases. Short term interest rate falls immediately (showing the so called “liquidity effect”), but
1 10-12 months returns to its previous vaiue. Impulse response functions of GDP, GDP

1ator and federal funds rate to a monetary policy shock are displayed in Figures 8-9 for the full
ple. The impuise response functions are calculated for those models which have passed the

Wis does not mean that the equation, in which GDP is dependent variable, is stationary (indeed it contains a
t root, according to the standard tests).

-y




ikalihood ratic test (whose results are displayed in Table 4). The results about the effects ofa Ao B o Bec il o % T S
monetary policy shock are quite robust across different assumptions about the central banks wwﬂm mmmiwww wmmwm w ;ww%mowwﬂmwwwﬁ m:MMM Mo_‘omm-mwm:%a‘nm,s.mro: monetary shock
operating procedures and are approximately repeated in the sub-sample 1965:1-1979:9. ‘ . 05: 1 1990, 12 and Wit e fecuisiveries s asadmption.
However, in the sub-sample 1979:10-1996:12 we obtain slightly different results. Output still rises

after a monetary policy shock, but much more moderately. Price levels responds positively,
expecially at the beginning, but very slowly. The impulse response functions for the two sub-
samples are displayed in the Figures 10-11.
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Which indicator most accurately captures the monetary policy shock?

Generally speaking, neither VAR innovation 1o the federal funds rate, nor VAR innovation to
nonborrowed reserves turns out to be good indicator of monetary policy shocks. This is in the
spirit of some results of Strongin (1995), Thornton (2001) and Sarno et al. (2002). Bernanke and
Blinder {1992) employ innovations to interest rate as indicators of monetary policy shocks and

obtain results consistent with the stylized facts (output and money rise in response to a positive
monetary policy shock). Table 4, howevesr, shows that the different specifications of FFR model
always fail the likelihood ratio test (with one exception). Indeed there are some problems in
measuring monetary policy with federal funds rate. First, as argued by Strongin (1995), “without
any demonstrated empirical linkage between Federal Reserve actions and interest rate
movements, it is unclear how innovations in interest rates can be reasonably be attributed to
monetary policy.” Second, there could be non-policy omitted variables which explain movement
in interest rates. Third, Sarno et al. (2002) argue that the practice of identifying monetary policy
shocks as shocks to federal funds rate should be taken with caution, because of the “informatio
equivalence hypothesis” (all interest rates contain the same information about monetary policy
and the other aggregate shocks that determine the staie of the economy).
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Christiano and Eichenbaum (1992} suggest that innovation in nonborrowed reserves is the
correct measure of monetary poficy. Analogously to what happens with the federal funds rate,
Table 4 shows that the different specifications of NBR model are always rejected by the data.
This result corroborates the argument of Strongin (1995) that a significant proportion of the

movements in nonborrowed reserves is due to the Fed's accommodation of innovations in the
demand for reserves, rather than policy-induced supply innovation. Indeed a good indicator of
the monetary policy shock seems to be the measure suggested by Strongin (1995), which is the
part of innovation to nonborrowed reserves orthogonal to innovation to total reserves. Table 4

shows that the NBR/TR model is rejected by the data only in the case of y=0.1
Does the recursiveness assumption hold?

The recursiveness assumption is about the orthogonality of the policy shock to the ‘
macroeconomic variables. It implies that policy variables do not influence macroeconomic non-.
-policy variables within the period and that the monetary policy shock is not affecting ;
simultaneously the two sets of variables (ruling out Jatent variables affected by the policy shock
and affecting non-policy variables). We do not obtain strong results about this issue, even thoug
the empirical evidence does not reject the hypothesis of non-recursiveness (see Table 4). The
assumption of recursiveness, however, does not bring much difference for the only scope of
measuring the effects of monetary policy shocks.

14 Furthermore, the model NBR/TR is the only Boam_;ézo: is never rejected in the sub-samples. Model BRis
also not rejected in the full sample, but the estimates of y obtained are significantly negative (also in the sub-
-samples). This fact casts doubt on the reliability of this model. These results can be seen in detail in Moneta
(2004).
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T 5. 16.1666° 15 The aranhice on the first line refer to models
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Appendix: Graphical models terminology
non-recursiveness assumplion

aphs. A graph is an ordered pair G = (V, E), where V is a nonempty set of vertices, and £ is a
set of the set V x V of ordered pairs of vertices, called the edges of G. If one or both of the
ered pairs (V,,V,), (V,..V,) belong to £, V, and V, are said to be adjacent. If both ordered pairs
V) and (V,,V,) belong to E, we say that we have an undirected edges between Viand V,,
write V, — V,,. We also say that V; and V, are neighbors. If all the edges of a graph are
irected, we say that it is an undirected graph. If (V4,V,) belongs to E, but (V,,V,) does not
ong to £, we call the edge directed, and write V, —V,. We also say that V, is a parent of v,
thatV, is a child of V,. If all the edges of a graph are directed, we say that it is a directed
h. Arpath of length n from Vo to V, is a sequence {V,,..., V,} of distinct vertices such that
WVieEforalli=1,..., n. Adirected path is a path such that (V.,V) €E, but (V,V,.,) & E for
= 1,.., n. Acycle is a directed path with the modification that the first and the last vertex are
tical, so that V,, = V,. A graph is complete if every pair of its vertices are adjacent. A directed
lic graph (DAG) is a directed graph which contains no cycles. Given a directed graph, the set
6 vertices V; such that there is a directed path from V, to V; are the ancestors of V, and the set
riices V, such that there is a directed path from V, to V; are the descendants of V. The graph
{A, E,) is called a subgraph of G = (4, E) if A C «\w:a E,CEN(AXA) Besides, ifE,=EN
A}, G s called the subgraph of G induced by the vertex set A.

Fuspanye of FUNP

separation. In a directed graph G a vertex X is a collider on a path « if and only if there are
istinct edges on a both containing X and both directed on X. In a directed graph G a vertex

=1 active on a path g relative 1o a set of vertices Z of G if and only if: (i) X is not a collider on

I X & Z; or (il) Xis a collider on g, and X or a descendant of X belongs to Z. A path g is active

ative 1o Z if and only if every vertex on  is active relative to Z. In a directed graph G two

ices X.and Y are d-separated by Z if and only if there is no active path between X and Y

alive to Z. X and Y are d-connected by Z if and only if X and Y are not d-separated by Z.

: .
Ere * 2 . W
N 12 F % 2

B — Letuyy,..., Uy, be the residuals of k OLS regressions of Yipe-Yie 0N the same

7. Conclusions Ay Yy Yigppe Yigep))- Let Uy and uy (i = j) be any two distinct

oo Uy} Uy any subset of {uy,....., U }\ {uy,, U} and Y, the corresponding subset
JARI7 S.Mr so that Ugt is in U, iff Yot isinY, forg=1,..., k. Then it holds that:

This paper proposed a method to identify the exogenous BOJQmJ\ policy Q@E&maomm ina VA
model. Since the crucial issue to identify a VAR is to differentiate Umgm.m: correlation and
causation, graphical models permitted to impose o<mnam:ﬁ ing ﬂ,mm:_o:o:m on the A
contemporaneous causal structure, in particular on the _,m_m”_,u:m.:_um among Bmoﬂo‘mo.osog.o
variables and between macroeconomic variables and policy variables. Ajm.mm ﬂmm:.o.:o:m have
the advantage of being derived from the statistical properties of the data, without using auxitiary
assumptions. Once we have narrowed the set of possible contemporaneous omc.wm_ relationshi .
among the variables which constitute the VAR, we have imposed restrictions derived from 1in Moneta (2003).
institutional and theoretical knowledge. Since the number of GOmm_Em contemporaneous causal
relationships is a finite (and relatively narrow) number, it was possible to check the BccmSmmm
our results under alternative schemes of the Fed's operating procedure and to appraise the
alternative measures of monetary policy shocks used in the literature. ‘j.,m mg.v_:om_ results casl
doubt on the soundness of those researches which assume that VAR innovations to federal
reserve rate or nonborrowed reserves are good indicators of exogenous monetary policy shock

i Us LUy = corrlyy, Vit 1Y Jyy)

 Proposition 1 and Faithfulness Condition it follows that if corr(u,,, u, | Uy Uy) = 0, then
b Vit | Vi Yip Jg) = O (where J, , is defined as in Proposition 1) and y,, and ¥y are
sparated DY yy...., ¥y, Jyq in the graph induced by yy,,..., ¥, J,. Then it follows quite

ely (see for a rigorous proof Proposition 2 in Moneta (2003)) that Yy andy, are

ima&mag Yjer- - ¥y in the sub-graph induced by y ..., Yie- The search algorithm is displayed
ble 5.




Table 5 - Search algorithm
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onomia poriuguesa, como alias
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mig portugaise, comme d'ailleurs

s économies occidentales, a connu
nis régimes monétaires depuis la

du XXe siécle. Nous voulons savoir si
rie guantitative de la monnaie

¢e au revenu nominal, et non aux prix,
liquer le comportement du revenu
dans différents régimes monétaires.

e Notas Fcondmicas.

egimes Monétaires et Théorie Quantitative du Produit
ominal au Portugal (1854-1998)"

résumé / abstract

Nous concentrons notre analyse sur les
périodes suggeérées par les historiens
économiques et nous les concentrons en
utilisant la méthodologie de Bai-Perron pour
I'identification des ruptures structurelles des
séries temporelles. Aprés avoir pris la
décision de savoir quelles périodes utiliser et
connaissant les caractéristiques de
stationnarité de I'offre de monnaie et du
revenu nominal, nous appliquons la méthode
de co-intégration de Johansen & ces deux
séries. Notre conclusion est trés intéressante:
la théorie quantitative du revenu nominal de
la monnaie ne peut étre appliquée au régime
de I'étalon-or. La confirmation empirique
suggere que cette théorie ne peut étre
appliquée que dans un régime de monnaie
inconvertible.

The Portuguese economy like other
economies in occident has known some
different monetary regimes since the middle
of XIX century. We want to know if the
quantity theory of money applied not to prices
but to nominal income can explain the
behaviour of nominal income in different
monetary regimes. We concentrate on the
periods used by economic historians and
condensed them with the Bai-Perron
methodology for identifying structural time
breaks in time series. After deciding which
periods to retain and knowing the stationarity
characteristics of the money supply and the
nominal income we applied the Johansen
co-integration method to these series. Our
conclusions are very interesting: the
nominal income quantity theory of money
can't be applied to the gold standard
regime. The empirical evidence suggests
its application only to an inconvertible
regime.
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